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As part of the U.S. Nuclear Regulatory Commission's Unresolved Safety
Issue on Safety Implications of Control Systems (UST A-47) Program, the
Oak Ridge National Laboratory has completed an investigation of
nonsafety-grade control system failures at Oconee 1 that could lead to
rapid steam generator overfill, reactor overcooling, or reactor
overheating (inadequate core cooling). Transients that result from loss
of control system power and that threaten plant safety have also been
investigated.

|
|
ABSTRACT ’
l

Detailed examinations of all Oconee ! major plant systems were
performed, followed by a logical evaluation of their influence in the
transients of interest. Broad failure mode and effects analyses

(FMEAs) were then conducted on each of the candidate plant systems to
determine their safety consequences, In these analyses, the effects of
common-cause fallures upon the Oconee-1 control systems were examined.
Sequence analyses using the results of the FMEAs were then performed to
assess combinations of failures and the estimated frequencies of these
accident sequences. Where simple cause-and-effect relationships could
not be demonstrated (i.e., in cases where feedback was found to exist
between the failure outcome and the initiating event), a hybrid computer
model was used to augment the FMEAs. This model, which was developed
with techniques similar to those currently used in other major systems
class codes, combines thermal hydraulics, neutronics, and control system
packages to produce a total-plant simulator with emphasis on control
system dynamics.

Rapid steam generator overfill, reactor overcooling, and inadequate core
cooling can be caused by failures in nonsafety-grade control systems,
For example, failure of the steam generator high-level main feedwater
pump trip, failure to open or to close the pressurizer pilot-operated
relief valve, or loss of power to an integrated control system branch
circuit resulting in loss of automatic control of the main feedwater
flow can lead to transients in one of these respective classes. Proper
operator intervention, however, can avert possible safety consequences
resulting from such failures, Reevaluation of certain trip circuitry,
more extensive utilization of the plant computer to process instrument
signals, and rewriting of selected operator procedures are recommended
to minimize the effect of control failures in nonsafety-grade control
systems at Oconee 1, Generic extension of the Oconee 1 re¢commendations
to all Babcock and Wilcox pressurized water reactors has also been
addressed to the extent possible.
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EXECUTIVE SUMMARY

An investigation of nonsafety-grade control system failures at Oconee 1
that could lead to rapid steam generator overfill, reactor overcooling,
or reactor overheating (inadequate core cooling) has been completed.
The safety implications of such control system failures were assessed by
performing detailed plant-specific examinations of the interaction
between control and safety systems, determining the relative importance
of these interactions, and recommending plant design and operation
guidelines based on their relative importance. The probabilities of
certain events have been estimated to ensure the credibility of this
study, and guidance has been provided to broaden the results of this
plant-specific analysis to encompass all Babcock and Wilcox pressurized
water reactors,

SELECTION OF PLANT SYSTEMS

All Oconee 1 major piant systems were evaluated logically to produce a
candidate set of plant systems for analysis. Candidate systems are
those that can potentially contribute to the initiation or exacerbation
of rapid steam generator overfill, reactor overcooling, or inadequate
core cooling. Subsystems and individual components that interface with
the candidate set of plant systems were then identified to establish
chains in which each link is significant to the transient event classes
under study.

Two sets of systems were selected for failure mode and effects analyses
(FMEA). The first system set can contribute to rapid steam generator
overfilling or roeactor overcooling (as these are directly coupled) and
includes integrated control, nonnuclear instrumentation, pressurizer,
steam generator, reactor coolant pumps, makeup and purification,
chemical addition and sampling, coolant storage, coolant treatment, main
Steam and turbine bypass, turbine generator, main condenser, condensate
and feedwater, reactor building component cooling water, recirculated
cooling water, and instrument air. The second system set can contribute
to rapid reactor overheating and is in general identical to the first
set but operates under different scenarios.

BROAD FAILURE MODE AND EFFECTS ANALYSIS

Broad failure mode and effects analyses were conducted on each of the
candidate plant systems by considering component failures and
determining the safety consequences of such failures, To limit the
effort involved in this task, a top-down methodology employing
superposition was applied in generating first-order effects (i.e.,, those
that can be defined a priori). Subsequently, system conditions
necessary to bring about the projected failed state were determined, and
then minimal failure chains required to produce these conditions were
adduced, In this manner significant failed states were found,
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frequently with only one or two underlying failures (a failure chain
stemming from a single failure is treated as one failure).

The broad failure mode and effects analyses included detailed
examination of the Oconee 1 integrated control system, Plant events
were selected based upon the integrated control system analysis and
prioritized according to potential severity, need to determine the
corresponding event sequence, and need to assess the time available to
the operator for corrective action.

Common cause fallures were investigated by examining loss of electrical
power or pneumatic actuation capability. In general, the safety
consequences of such fajilures could be avoided by appropriate operator
intervention. Pneumatic actuation failures can be propagated across
Oconee units because of the shared instrument air system. Moreover,
substantial main feedwater upsets, abnormal operation of the emergency
feedwater system, and abnormal operation of the turbine bypass valves
can occur if instrument air availability is interrupted.

AUGMENTED FAILURE MODE AND EFFECTS ANALYSIS

where feedback exists between the fallure outcome and the initiating
event, a hybrid computer model was used to augment the failure mode and
effects analyses, The hybrid computer model emphasizes control system
dynamics and was developed with techniques similar to those currently
used in major systems class codes, It couples thermal hydraulics,
neutronies, and control systems packages to produce a total-plant
simulator., Characteristics of the hybrid model include (1) equilibrium
(except in the pressurizer), one~velocity, two-phase thermal hydraulics;
(2) various levels of treatment of core neutronics; and

(3) representations of all primary controllers in the Babcock and Wilcox
integrated control system. The hybrid computer model hac been validated
against Oconee ! plant upset data and has been written to be adaptable
to other plant configurations.

REACTOR OVERCOOLING

Rapid reactor overcooling transients fit into two classes: release of
reactor coolant, and increased heat loss through the steam generators,
In the first class, significant single fallures include failure to the
open position of the preassurizer pilot-operated relief valve, failure of
a reactor coolant pump seal, and rupture of a steam generator (SG) tube,
The second class comprises rapid steam generator overfills or failure
opén of a turbine bypass or main steam safety/relief valve., Failures of
the integrated control system panelboard KI branch circuits HEX or HEY,
as well as fallure of branch circuits, can initiate some reactor
overcooling transients,

Xiv
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STEAM GENERATOR OVERFILL

Steam generator overfill also can lead to two classes of problems that
may compromise the system:

1. The primary system coolant may be overcooled directly by its
thermal contact with an excessive amount of heat rejection on the
secondary side. Using the hybrid computer program, this effect was
studied in considerable detail for cases of no reactor trip. Low
power levels produce more pronounced effects than high power levels,
but the integrated control system appears capable of bringing the
system to a new steady state whether the power is high or low.

2. A more serifous event occurs when the overfill occurs in one SG, is
rapid, and produces a reactor trip. The reactor trip can come as a
result of cooling and power asymmetry in the core, or indirectly as
a result of a turbine trip caused by excessive water present at the
HP turbine outlet, water which had been introduced by excessive flow
from a SG. Such an event can lead to water ingress to the steam
line at rates and in amounts sufficient to cause damage to steam
line instruments, associated components such as valves, and steam
line supports., Such damage from SGC overfills has occurred at
Beznau, Switzerland (1969), and at Davis Besse (198%), If steam
line supports are damaged, there is a reasonable probability that
the steam line will deform or collapse and rupture, with some
probability of consequent steam tube rupture., No event of this
magnitude has occurred, Were such an event to occur, it would be a
cmall-break loss-of-coolant accident (LOCA) vented directly to the
atmosphere,

INADEQUATE CORE COOLING

Rapld inadequate core cooling can occur as a result of failure of the
plant systems that replace lost reactor coolant. Three failure modes
were found to require operator intervention to avoid possible rapid
reactor overheating. Two failure modes involve failure of integrated
control system power supply branch circuits (auto power and hand power ),
resulting in loss of automatic control of the main feedwater; the third
consists of fajilure of a letdown cooler tube.

RECOMMENDATIONS AND FUTURE WORK

Proper operator {ntervention can, in general, avert the possible safety
consequences resulting from the failures investigated in this study.
The following actions are recommended:

1. redesign the steam generator high-level main feedwater pump trip
elrcuitry from a series to a parallel configuration;
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1. INTRODUCTION

1.1 PROGRAM SCOPE

The U.S5, Nuclear Regulatory Commission (NRC) Unresolved Safety Issue
(USI) on Safety Implications of Control Systems (USI A-U47) Program is
intended to generically assess the safety implication of nuclear power
plant control systems by examining the consequences of control system
failures and actions, both planned and unplanned,

These assessments are to be completed by performing thorough,
plant-specific analyses of control/safety dynamics and interactions from
a plant system perspective, developing criteria for establishing the
relative importance of control/safety systems, and recommending design
and operation guidelines for these systems based on their relative
importance.

Specifically, the three interrelated goals addressed by the NRC USI A-U47
Program are as follows:

1. assess the safety implications of control systems by examining the
effects of control system malfunctions on plant dynamic behavior and
by investigating the interactions of such malfunctioning controls
with other plant systems;

2. formulate a method for assessing the failure mode and effects of
control systems on the basis of common cause, common mode, and other
multiple failures such as cascade failures; and,

3. develop criteria for establishing the relative importance of control
systems important to safety, and recommend importance-to-safety
classifications and any changes to regulatory requirements as may be
indicated by the results of this work.

In performing these tasks, the NRC USI A=47 Program is governed by the
following objectives of its Task Action Plan:'

", « « USI A-47 {8 to perform an in-dspth evaluation of the control
systems that are typically used during normal plant operation and to
verify the adequacy of current licensing design requirements or propose
additional guidelines and criteria to asaure that nuclear power plants
do not pose an unacceptable risk due to inadvertent non-safety grade
control system failures,"

", + . During the licensing process, the staff performs an audit review
of the non-safety grade control systems, on a case~by=case bas!s, to
assure that an adequate degree of separation and i{ndependence is
provided between these nonsafety-grade systems and the safety systems,
and that effects of the operation or failure of these systems are




bounded by the accident analysis in Chapter 15 of the plant's Safety
Analysis Report,”

", . . 0On this basis it is generally heiieved thal control system
fajilures are not likely to result in loss of safety functions that
could lead to serious events or result in conditions that the
safety systems are not able to mitigate. In-depth studies for all
the non-safety grade systems have nct been performed however, and
there exists some potential for accidents or transients being made
more severe than previously analyzed, as a result of some of these
control system failures or malfuncticns,”

and

"Two potential concerns have already been identified in which a
failure or malfunction of the non-safety grade ccntrol sysiem can
(1) potentially cause a steam generator or reactor vessel overfill,
or (2) car lead to a transient (in PWRs) in which the vessel <ould
be subjected to severe overcocling. In additicn, there is the
potential for an independent event like a single failure, (3uch as
a loss of power supply, a short circuit, open circuit, control
sensor failure) or a common mode event (such as a iiarsh environment
caused by an accident or a seismic event) to cause a malfunction of
one or several control systems which would lead Lo an undesirable
contrcl action, or provide misleading information to the plant
operator, These concerns will be reviewed and evaluated. . . ."

1.2 OBJECTIVES

The objectives of this study, which represents one segment of the
Jak Ridge National Labcratory (ORNL) contribution to the NRC USI A-47
trogram, are to investigate, for a given se! of pressurizcd water
rvactors (PWRs), the four principal foci of the NRC USI A-47 Program:

1.

2.

3.

b,

vvaluate cont.'ol system failures that could lead to steam generator
(Su) overfiil transients (reactor vessel overfill is also a USI A-47
concern but is a nonissue in the PWRs of the ORNL study),

evaluate control system failures that could lead to reactor
overcovling transients,

evaluate other control system actions thar have safety implications,
and

evaluate the effect of loss of control system power sources (e.g.,
ac, dc, pneumatic, and hydraulic).

This plant-specific report documents the deraiied examinavion of tireose
four objectives for Oconee 1, which is an early generation Babcock and
Wilcox (B&W) lower-loop pressurized water nuclea~ steam supply system
(NSSS) located in Seneca, South Carolina and operated by the Duke Power



Company. An attempt will be made to broaden the results of this
plant-specific analysis so that they may be generically applied to all
B&W PWHs.

1.3 LIMITATIONS

This study embodies all of the objectives (as related to Oconee 1) of
the NRC UST A-47 Program., It does not extend the NRC USI A-47 Program
objectives to include multiple control system fallure initiating events
sunh ae earthyguakes, fires, and floods (both external and internal to
the contalament), nor does it look at the effects of sabotage. Because
these initiating events are important, they should be addressed in
another program or in a later extension of this one. Only the
operator's first choice of the appropriate actions during a control
system failure were identified; alternative operator actions were not
studied.

Additional limitations of this study include

* Only single and two~at-a-time multiple failures were systematically
considered in the initial broad FMEA. The follow-up computer
augmented FMEAs considered single and two-or-more-at-a-time failures
as dictated by program interests,

*» The effects of control system failures during an accident or during
normal plant operation will in some cases differ from plant to plant,
thus making it difficult to develop complete generic solutions to the
problems we find on a plant-specific basis.

1.4 METHODOLOGY

In completing detailed examinations of control-safety system failures
for Oconee 1, certain systems were selected for analysis through a
logical prcocess which evaluated their relationship to the events to be
examined in this study: steam generator overfill, reactor overcooling,
and reactor overheating (inadequate core cooling). All major plant
systems were screened to determine those whose failure could cause or
exacerbate plant failure modes. Subsystems or components which
intertace with any of the selected major systems were then identified.

This system survey defines chains of interfacing components in which
each member of the chain has some significance to the transient event
classes under study.

Each component of each chain has been examined for modes of failure and
for the effects of each such failure mode., The failures which define
the minimum set leading to certain safety consequences are thus.
identified. Many of these failures lead to events that are clearly
benign. These failures will be dropped from further consideration.



Other events not considered here are those found to be precursors of
accident sequences that have been considered elsewhere [e.g., in the
pressurized thermal shock (PTS) program, or in Chapter 15 studies for
licensing reports].

A failure mod¢ and e«ffects analysis (FMEA) is the standard method
implemented fo, a systematic, qualitative search for significant
fallures and tt:ir consequences. The standard FMEA? provides an orderly
method for stud 'ing the possible failure modes of a single component in
an important system and then treating all causes and consequences of
each such failure mode. The FMEA process conceptually fails each of the
systems that could potentially contribute to one of the three classes of
safety consequences, and the results are determined (as far as possible)
on an a priori basis. This process is a "broad FMEA."

Systems which have a capability to affect the chosen failure classes are
systematically examined for failure modes and their resulting
first-order effects. The term "First order" refers to those
consequences that can be determined by logical inspection. For
quantitative results, particularly those from scenarios in which the
affected system feeds back altered input conditions to the initiating
event, failure effects must be determined by computer analysis. Thase
analyses are referred to as augmented FMEAs and consist of executing
detailed total-plant thermal-hydraulic simulations of Oconee 1 using the
ORNL-developed hybrid computer model. This model couples a digital
simulation of plant fluid dynamics and neutronics to a simulation of the
plant control systems. The results of these runs are fed back
(augmented) to the FMEA process for final determination of the
consequences of controls failures. Probabilities are then estimated for
those failures of interest that can lead to steam generator overfill,
reactor overcooling, or inadequate core cooling events.

Figure 1.1 i{s a flowchart illustrating the methodology used in this
study.

Appendixes A, B, and C are structured to represent the detailed
calculations supporting the following sections of this report as well as
to provide generic information. Appendix D incorporates Duke Power
Company's comments on the September 1984 draft report and ORNL's
responses to those comments.
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2. IDENTIFICATION AND SELECTT

ION OF QCOKEE FLANT
SYSTEMS FOR SICS ANALYSIS

A8 discussed in Sect. 1, the cbjective of the Safely Ilmplications of
Cohtrol Systems (SICS) Frogram is to identi*y cuntrol sysiem failures
that can cause cr contrjbule tc Severe nuclear power plant transients,
In particular, severe cveraonoling or undercocling of the reactor coelant
aystem (#CE), overrilling Lhe steam generators, and adversely affecting
reCovery froam design pasis transients have been identified 2s Severe
plant traasients of vorcern in the SICS Progran.

Jeconee Urit ! was 3alacted as the detalled cesign aodel ror analysis of
the B3W nuvlaar steam supply aysten (NS33) plant design., The Oconen
Kuclear Statjon, operated by Duke Power Company, has three similar

PWR units, each rated bt BGE MW(e). Unit 1 achieved initial eriticality
on Aprii 19, 1973, Unit 2 nn November 11, 1972, and Unit 3 on

September S, 1974, The Oconee units and BAW systems in geneéral have
aaveral deaign features Lhat make them unigue among FWRS. These
featyres include stralght tube, countar flow, once~througn steam
generatory {(0TSG),; nighly automated and integrated plant control
instrumentation, the irtegrated control system (JC5), and reactor vessel
internals vent valves, which have been found to pe useful ir mivigating
reacttof yegsel pressurized therms) shoek.?

The first task in the SICS analysis is specific identification of the
systema in Geenee Unit 3, Trias {s disecussed in Sect. 2.). Due to the
large number of syslems and the scope Oof the CSICS Program, a process for
selecting those Cconee control systems pertinent to the SICS transisént
Lypes discussed anove was reguired prior to detallied systems failure
analysis, The systems selection proceas ror control systems
cont.ributing to RCE overcocling and undercoeling tirzasients is discussed
in Cect. 2.3. The systems seléction processes for 50 overfill and
impacts on design basis transiente are discussed in Sects, 2.4 and 2.%
respectivery., A summary end cdescripticon of the systems sclected for
detalled analysis are provided 1n Seet. 2.5, Brief descriptions of the
major operating Systems are provided in Rppendix A,

2.1 OCONEE UNLT 1 CUKTROL SYSTEMS

Ferrorming adetailed analysas of the large number of systems in the
Geonee Nuclaar Power Station is net practical:. Thereiore., a method was
required to (1) identify Cconec systems and (2) select systematically
those «aontroli systems requiring detailed analyais. To ensure
completenéss, “he msthodoiogy must aiso provide 2 means of tracking and
reevaluating aystems not selested for FMEA,

The first task, ldentiflication of Oconee systemsg, 1s basic to subseguent
¢control systems analyses. Two principal sowrces of information were
used to identify the plant systems: a3 gendric PWR plant systems iist®
and the Oconee Final fafety Analysis Repert (FSAR).® The method used to



fdentify systems was based on the generic systems iist. Specific Oconee
systems with functiorns analogous to each of the generic systems were
then identified, primarily from FSAR descriptions. In this way, all
generic PWR system functions would have an identified Oconee system or
the omission could be identified and resolved using supplementary
information. In a similar manner, the identified generic systems were
compared to the systems described in the FSAR to ensure that all generic
systems and functions of importance were included.

A list of Oconee systems was developed using this method. This list,
including numerical system designations, is provided in Appendix A,
Tables A.1 through A.7.

Once the Oconee systems were {dentified, the functions of these systems
were evaluated to narrow the number of plant systems to the specific
scope of the SICS analysis. In this way, the analytic effort could be
focused on plant control systems analyses, minimizing analyses that
would be duplicated in other current programs. The systems not
considered to be within the program scope included

1. Standby Safety Systems: Standby safety systems have been evaluated
extensively in other programs, and the study of their failure modes
in the control systems analysis would be redundant. However, safety
qualification of a system alone is an insufficient basis on which to
exclude the system from consideration. Safety-qualified systems
performing a normal control function were included in the analysis.
Furthermore, the response of safety systems to transients initiated
by control system failure were considered because the identification
of control system failures that degrade safety functions is an
opjective of the program.

2. Systems Isolated by Reactor Trip: During power operation, the plant
systems are controlled within specified parameter limits. If these
limits are exceeded, & reactor trip will be initiated. Failure to
trip (failure of a standby safety system) is being studied as part
of the Anticipated Transients Without Scram (ATWS) Program and will
not be considered in this (control systems) analysis. Once the
reactor is tripped, some plant systems are isolated and cannot
affect the course of the post-trip transient [e.g., the control
element drive (control) system]. Since a reactor trip transient
ftself is not of concern in this analysis, systems isolated
following reactor trip were not evaluated in the control systems
analysis.

3. Shutdown Systems: Certain plant systems such as the residual heat
removal system (Oconee low pressure injection system) and reactor
refueling equipment are placed in service manually following
shutdown and depressurization of the reactor. The failure modes
of these systems were not evaluated in this program because the
residual heat removal systems are being evaluated in other analysis




programs, and shutdown systems would not be placed in service in
response to control system-induced transients,.

The above evaluation procedure has be.n used to categorize the Qconee
systems into two groups: those to be excluded from the SICS analysis
for the specific reasons outlined above, and those Oconee control
systems within the specified scope of the SICS program. In addition to
the systems listed in Appendix Table A.2, the Oconee plant electrical
systems have been evaluated® and will be incorporated into the SICS
results. The excluded systems, including the reason for their
exclusion, are listed in Appendix Table A.11.

2.2 OPERATING EXPERIENCES

Plant operating experiences at Oconee and all other operating B&W plants
were surveyed and analyzed. This type of study can be useful in two
ways., First, it may uncover or suggest other sequences of interest not
detected by the FMEA or simulator studies. Second, some rough estimate
or corroboration may be obtained of the likelihood of development of
events corresponding to the SICS sequences. One rather obvious
observation indicates a significant limitation of the SICS study
resulting from the methodology used and the ground rules that have been
imposed. That is, events in which multiple independent control and
safety system failures and operator errors are compounded, such as in
the loss of all feedwater at Davis Besse on June 9, 1985, do not have,
and would not be predicted to have, a significantly high probability of
occurrence (see Sect. 2.2.2). This is because the probability of
combinations of several "independent" failures, each with a relatively
small likelihcod, is diminishingly small. A suggested alternative
approach for predicting these unlikely events is noted in Sect. 2.2.2.

Relevant operating experiences at the three Oconee plants are listed and
analyzed in Sect, 2,2.1, and in Sect. 2.2.2, the same is done for the
other operating B&W plants. In addition, the reader is referred to
several recent NRC documents that contain extensive reviews and
tabulations of B&W transients and operating records.””?

2.2.1 Relevant Oconee Operating Experiences

Operating experiences extracted from Licensee Event Report (LER)
reference files for Oconee Units 1, 2, and 3 were reviewed and analyzed,
with particular attention to feedwater-related perturbations, both for
SG overfeed events that could be considered overfill precursors and for
undercooling events. The period covered is January 1975 through early
1985. In general, it was found that most of the events were of the
single-failure type that would be covered by FMEA methodology. Only 14%
of the events noted were attributed to operator error or maintenance
problems, well below the industry norm. Four of the events involved the
integrated control system (ICS) which, until placed in manual control
mode, tended to further degrade the situations. The difficulty is that



the ICS does not have the capability to distinguish a true Troin a false
input signal. Although the B&W ICS is one of the most advanced control
systems used in current U.S. commercial nuclear pewer plants, it i3 not
the equal of today's "smart" controllers,

The events at the three Oconee unita are listed and descrided in
Table 2.1,

Of the five events listed that caused Unit 1 to trip, two were the
result of ICS reactions. Another LER (B&=002), involved multiple
fajilures and is indicative of the comglexity and unpredictability of
some of the real-life transients noted above. The LER description
indicates that the incident began during a check of pressuarizer lewel
instrumentation. When the level check switch was pushed, the relay for
the reactor T-hot indication immediately drcopped out, causing a low
T-hot indication. The relay for the pressurizer level check was located
in the same ICS cabinet as the T-~hot relay; its actuation apparently
caused the T-hot relay to open. The ICS began a feedwater (FW) runbac¢k
on low T-hot indicaticn that Btu limits were exc-eded, The Btu limits
were designed to prevent a steam temperature reduction if a unit tried
to remove more enargy from the steam generator than was uvailable, In
the case under consiceration, FW flow demand was limited ©y T-hot
because the Btu limit was in effect. The ICS was switched te manual to
try to balance FA flow Lo reactor power Output. The decr=ased FW Flow
resulted in decreased heat transfer from the RCS and caused BC3 pressure
to increase to the trip point. The T-hot relay fallure was attribduted
to dirty contacts. ¢€o.lowing the trip, two main steay relief valves did
not reseat properly, and the pressure had to be reduced to 900 »si
before they closed. The RCS temperature cdropped tu SUSSF before the
secondary response due to the unseated valves was gtabilized. The RIS
inventory was controiled by cpening the RC loop R injection valve with
the 1A high-pressure injection (HFI) pump in operation for normal maxeup.
Following the reactor trip, it was voted that the control rod drive
position indication was showing 104 withdrawn (!nstead of 0%) due to a
faulty power supply.

Five of the nirne Unit 2 LER ewvenls were concerned with the turbine-
driven EFW pump. The events were all triwvial in nature and were
rectified within 15 win.

At Oconee 3 there was a 1.5-y period of operation during which apparent
problems with the preventive maintenance program may have been
responsible for peraistent valwve (ajlures. During thai period, fowr
LERs were issued on just two valves. The trouble ceassd after The
valves were repacked. Two other Unit 3 events nculd hare produced a
severe transient, resylting in equipment damage if they had sccurred or
gone to completion during plant operation. These were the SG overfill
(LER 81-003) and the feeawater reaier design deficiency (LER 82-00%).
Overpressurization of the secondary side of OTSC 8 occurred during cold
shutdown when the pressure was permitted to go to 550 psig. The SG
overfilied, and water got into the main steam line. This inecigent
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Table 2.1. Feedwater-related perturbations at Oconee Nuclear Plant
Fvent Curation Power
Mo Yeent Cause Initiator of evert level LER
Unit )
R el AEE Toeg W°TARLE AN ShOTL Li power nord L L ] 18-027
nﬂtul'\e‘ 0 oord
Rezctsr ‘rip on v gh ITS witnorew cuntrot
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noreal feed pumps Feset
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Table 2.1. (continued)
Even® Duration Power
date Event Cause Inttiator of event level LER
127%/848 Neactor trip on loss Low oil pressure A main feedwater pump out "hn 578 84-007
of main fesdwater on shaft-ariven of service. Transferred oil
otl pump for 18 supply for '8 MFWP from aux.
feedwater puamp oil pusp to shaft-driven oll
pusp. SOP falled. Auto-
transfer back to AOP fallea
OTSG level increased Emerg. leeduater
2% in.; slight over- levei control
sooling systems fails
Main steam pressure J MOIVs 4.9 not Unit stabilized in hot shut-
reduced 200 psi reset properiy down
w25/88 Loss of control room KX invercer power Transfer Lo alternate source ih 1005 Event. No,
annunciators supply lost pravented by a blown fuse ST
Loss of one sain Osciliations in Manual swapping of oscillators
feen pump 1S
feactor trip Second main feed 60-100%
pusp tripped
RCS pressure reduced MERV scuck open Pressure reduced Lo reset valve.
Unit stabilized in NOt shutdown
Unit 2
12710/80 Twbdine-driven emery. Start circultry Relay in start circultry for NA 1008 80-024
feedwaler pump desnergi zed TOEFWF aux. oil pump shorted
inoperable and tripped the reaker
wais Mol or-driven emerg. Motor arcing Stator of sotaor shorted, 64 n Tag A1-008&
feedvater pump b Lhen Dreaker was Lagged
Inoperable out
w2yen Turbine-driven eserg. Loose trip level TOEFWP trip sechaniss NA o0t 5-0id
feeduater pump Linkage discovered Lripped and
inoperadle discharge vilve shut
S76/8) Turdine-driven smerg. Ffapty oil sump Operator observation NA 1008 81-012
feeduwater Dump
declared inoperatle
5/6/81 Auto level control Stuck sclenoid Operator observation NA 1008 81-008
for OTSC B stuck valve
in manual
5716/82 20 emerg. Tesdwater Valve 2FDW-2'6 Found during functional A 598 32-009
flowpath inoperable would not open testing, handwheeel was
fully partially shut
9716/82 Turdine-driven feed- Trip/throttle Alars annunciated; trip 10 min 1008 82-012
water pusp inoperable valve in Lripped probably due to vitration
state
10/5/82 Turbine-driven fead- Personnel error Maintenance bumped valve 13 min 100% 82-013
water pusp lnoperabdle
$/31/83 2A motor-driven eseg. Loss of power Power resoved to facilitate 18 n 100% 81-008

feedwater pump
inoperable

repair of main feedwater disch,
press. switch



13

Table 2.1. (continued)
Event Duration Power
date Event Cauae Initiator of event level LER
Unit 3
S/%/78 Lower-than-noreal Feedwater & reactor Plant computer flow con- NA 100 76-006
indicated RC flow reactor coolant stants inerror
incorrectly set
RZAR Tai Feedwater transient Spurious control 0% decrease in feedwater 2s as 76 <006
signal “ater demand induced
oscillations
As22/7% Feedwaster penetration Sampling valve OTSG valve IFOW-108 air NA 1008 76-013
valve (noperable failed to close operator fallure
e Feeduater penetration Saspling valve Fourth occurrence (T8-4, NA 0% 76-020
valve inope~adble failed to close 757, and 76-11)
322776 Feedwater penetration Sampling valve OTSC valve IFDW-106, NA 100% 77008
valve inoperable falled to close ~epacked valve
11/29/80 Turdine-driven emerg. Personnel error Incorrect valve line NA 508 80-018
feedwater pump shut sersitted lube oll sump
shut down Lo mmpty
2/26/8) JTSGC B over- Startup control Owerfilling persitted wvater A Cold 81-003
pressurized & over valve leaxage Lo enter saln steas line Shut down
filling
N1 m 18 motor-driven Cooling water Alriine, to valve 3ILPSW-25 NA 1008 81-g10
eserg. feedwater inlet valve discovered broxen
pump declared falled
inoperabdle
4’30782 SC internal aux. Inadequate Design could not accommodate NA Refueling 82-006
feedwater heaters design the large pressure forces Snhutdown
deforsed generated when cold aux, feed-
“ater is injected into the
header .
$/13/8) Turbine-a@riven emerg. Personnel error Loss of power to aux. oil 81 s 1008 83-006
fesdvater pusp sade pmp when breaker was pulled
inoperadle
10/13/83 I8 motor-ariven NO service water Falled solencid valve on " n Hot 83-on
emerg. feedwater flow @otor cooler outlet Shut down
pmp Lnoperable
10/18/83 I8 sotar-ariven Feedwater valve Apparent component 4“0 sin 1008 83-012
omerg. feeduater stuck partially fallure
mmp Inoperabdble open
671/88 Reactor trip Loas of both Erronecus indication to RPS, 49 n 20% 84-003
feedwater pumps Source unknown; unit run-
back from 1003 (The same
thing happened the day before
without causing 2 trip.)
8/10/88 Reactor trip Main feedwater Air line to condensate outlet 16 min o8 84-005

pumps trip

valve accidentlially sheared.
Condensate tooster pusps
tripped causing feedwater
pumps to trip.
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apparently was caused by the startup control valve leaking through and

filling OTSC B and the main steam line. Nothing was found wrong with

the control valve, either electrically or mechanically. The cause of

the incident was judged to be a procedural deficiency in that the block

valves were not specified to be shut during that particular mode of

operation. Inspection showed that no damage was done to the pipes or

hangers; however, under different circumstances overfilling of the SG

and pipes could have led to much more severe consequences.

The benefits derived from reviewing the experiences at other plants were
demonstrated in the case of LER B82-006. Because of the discovery of
damage to the OTSG internal auxiliary feedwater (AFW) headers at Davis
Besse and Rancho Seco, Unit 3 was shut down to begin a refueling outage
earlier than originally planned. Visual inspection revealed damage
similar to that reported at the other plants., Some of the headers were
deformed and showed extensive cracking and strong localized corrosion.

In conclusion, review of the Oconee LERs for the past 10 years indicated
no abnormal occurrences led to potentially severe accidents or unsafe
conditions, although under different circumstances a small number could
be considered potential precursors to damaging accidents. In addition,
an NRC survey of feedwater supply system failures showed QOconee 1 to
have a much better record than other PWRs in the period 1981-1983.,°

2.2.2 Relevant Operating Experiences at Other B&W Plants

The LER files at the ORNL Nucle¢ar Operations and Analysis Center were
searched for relevant occurrences at the other operating B&W reactors
(Arkansas-1, Crystal River-3, Davis Besse, and Rancho Seco). Selected
occurrences are listed by event date and LER number in Table 2.2.
These experiences were reviewed to identify possible common traits or
those irregular events that might be peculiar to B&W plants., Again, it
was found that the integrated control systems (ICS) often made "events"
caused by equipment problems more complex rather than keeping the
situations under control. For example, the Control Element Assembly
Calculator would at times generate penalty factors from extraneous
signals, which caused a reactor trip when fed to the core protection
calculators.

The following observations apply to the events listed in Table 2.2:

1. Errors made during construction activities and other inadvertent
actions by operating personnel caused several violations of
technical specifications, either by inadvertent actuation of
equipment or by breach of containment integrity. This indicates a
need for improved operator training and better orientation of
maintenance personnel.

2. Inverter malfunctions, although not frequent, always produced
unanticipated results at unexpected times. The ensuing disturbances
tended to bemuse the operators. When they correctly diagnosed the
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Table 2.2. Operating experiences at other B&W reactors
Event Duration Power
date Event Cause Initiator of event level LER
Arkansas 1 (50-313)

7/80 Trip Loas of offsite power Tornado in weas 25 sin 1008 %0-00
6/20/80 Trip Partial loss of Ground fault due to trees wA 1008 80-002
offsite power in the Lines and subsequent

over load
1/8/8 EFY pump Lripped Overspeed sechanise 4 events in 6-msonth perlod NA 1008 81-00%
malfunction possibly due to vibration
r721/8) Steam-ariven EFV Steam valve falled 6 other events - valve NA Hot 81-009
pump unavalladle to open operatar worn shut down
/16/84 Trip Anticipatory trip on Perturbations in the control 173 B8a-002
loss of both MFW oll poasibly due to clogged
pumps fliters
1/7/85 Steam-driven EFVW inadequate steam ".ow Orifice and closed bypass 28.5hn Refueling 85-001
pump Lrippea ‘“alve found in line. These
Showsd have deen removed
during grior turbine replace-
ment
“/9/8% Trip Feedvater transient Apparent fallure in ICS 1008 wr0/8%
S/ /8% Trieo High primary pressure Main turdine intercept NA 1003 5/31/85
from loss of sain valves closed unexpectedly.
feedwater pump [ncreased steam pressure
caused a large crack in
expansion joint of the
feedwater heater
8/13/8% Trip High RCS pressure Loass of condenser vacuum “12n 1008 Daily rpt
due to fracture of one SG 8/10/8%
blowdown pump casting from
waler hasmer
Crystal River 3 (50-302)
2/26/80 RCS transient IMC electrical systee Malfunction opened PORV on 2h 80-010
®alfunction pressurizer and held It open EPRI
5-7 min. Safety valve and WP -80-13-LD
possibly PORV discharged
water during transient
10/28/82 Emer gency feed- inatrument fallure (15 events for this instru- 95 82-067
water train ®ent) 23 total violations.
inoperabdle Feedwater ultrasonic flow
indlcator inoperable. MHigh
aablent temperature
8/30/8% Overfill of SC A Control vaiwve for Misaligned |inkage are on 7 ain %% 82-01%
feedvater pump stuck valve
open during transient
11383 Inverter A Slown fuse Maintenance being performed 97s 83-058
inoperable shorted cut a lasp base
"/ Contalnment radio- Isolation valve Blown fuse caused by a s 83-052
activity sonitor failed closed defective light buld;
Lnoperat | ve control circuit shorted
/12788 Engineered safe- Spurious noise Testing on one train when NA 983 84-005
guards actuated other actuated. Borated
vater injected into ACS «
jower reduction
12/28/8% isproper response Grounds in Positive ground from case Several n 9 8a-010

of control room
annunclator

electrical circuitry

shorted wire, and pre-
existing intersittent
negative ground disoriented

the aisplay system for 10 min
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Table 2.2. (continued)

Event Quration Power
date Event Lause Inttiator of avent leval LER
Davis Besse (50-346)
1982 Steam generator Interaction with aus Discoversd during 5G N os 8z2-019
Lube damage feeduater neader #ddy current inspection -
subsequently found In other
SCs
S/11/8) Steady state core Innerent design of BAW NSSS 53 83-028
quadrant power tilt coupled with a Large negative
temperature coefficient at
the end of core life
6/9/8% Loss of all feea- YN pump trip Resactor trip on high RCS 10 sin 508 1€ note
water pressure. SFRCS initlated 85-50
an spurious low steam
generator level signal.
Hoth MSIVs closed. Operator
error caused steas generator
isclation, AFW pumpa Lripped
on overspeed and would aot
restart automaticaliy due to
malfunction. PORV opened to
relieve RCYS presswe and
stuck open, AFW restarted
sanually '7 sin after trip
Rancho Seco (50-312)
6/9/80 Potential for SFAS Inverter failure If one inverter were out A R 80-028
unavailable of service and the second
one falled, automatic SFAS
inttiation would be
prevented
LZAR 2L 1) 4000-gal coolant Personnel ercor Tranafer from RCS to reactor NA Refueling 81-02¢
tranafer Dullding esergency su@p.
One DHR syatem in test, the
other in service. Both have
common suction header. Breax-
down in communications;
procedures ok
T Sample line Forelgn saterial in Desiceant from instrument air A 1008 81-037
1sclation respanse pnematic Line daryers coated alr passage
slow fl.ters, siowing response
982 OTSC auxiliary Generic BAW probles inspection revealed deforma- A os 82-010
feedvater header tions sisilar to those noted
~ing defureed at Davis Besse
3725/83 Cracked boits - Stress 19 out of 120 dolts showed NA Hefueling 83-009
core barrel to cracks at head-to-shank
support shieid transition
9/19/83% PORY fallure ™I sodification A visual Indicating rod added NA 1E-83-78
to the operating lever caused (daily report)
vaive tu salfunction
2/29/8n feactor trip on Feedwaler transient ICS in auto mode for RCP shut- NA 653 88-007
nigh ressure down. FPlant response was

unstable when a coincident
grid frequency disturbance was
experienced. The coadination
led to APS actuation
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situations, and when there were no other independent component or
system failures, the event was usually terminated quickly. In other
cases, however, more serious consequences--or at least significant
precursors--would result.

3. Several other types of electrical problems led to reportable events,
Low voltage readings on station batteries are indicative of
inadequate maintenance practices or end of service life (see LER 313
82-028). There have also been recent incidents reminiscent of the
Rancho Seco light bulb accident (see LER 302 83-058).

4. There are histories of unnecessary scrams that challenge tne
prutection and shutdown cooling systems (see LER 313 82-020). Based
on an NRC survey of 1984 scram data, B&W plants were found to have a
better than average industry record for number of scrams, averaging
about three per reactor year.'° This was about half the rate for
CE and GE plants and about one-third the rate for Westinghouse
reactors, but still greater than the scram rates for Japanese and
most European plants,

5. In the pericd since the TMI-2 accident, the most significant event
at a B&W plant occurred at Davis Besse on June 9, 1985 (see
Table 2.2). The incident involved multiple control and safety
equipment and operator error problems, including at least 10
component failures classified as independent. Probably the most
significant feature of the event is that in the preceding six months
at Davis Besse, 10 interruptions of main feedwater (MFW) occurred.
Problems with control of the AFW pumps were also experienced
intermittently during that period. This suggests that the excessive
number of challenges (MFW failures) to a safety system (AFW) that
was already having reliability problems should be considered as a
warning of an incipient incident. Operators and regulators perhaps
should be more alert to patterns and frequencies of problems in
order to prevent such incidents.

Events related to maintenance and testing are common to the entire
reactor industry and in general deserve more attention. Improvements in
man-machine interface areas would result in fewer challenges to the
safety and plant protection systems as well as generally safer and more
economic operation.

2.3 SELECTION OF CONTROL SYSTEMS POTENTIALLY AFFECTING RCS
OVERCOOLING OR UNDERCOOLING

The control systems listed in Appendix Table A.8 have the potential to
affect plant transients to varying degrees. These systems were further
screened to assess their potential to affect RCS overcooling or
undercooling.
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Evaluating the specific undercooling or overcooling response of the RCS
to system failures would require detailed analysis. However, for
purposes of system selection, a method based on identification and
characterization of system-to-system interfaces was used to select those
control systems that potentially could affect RCS transient behavior.

Each control system listed in Appendix Table A.2 was evaluated based on
the following criteria:

1. All systems having a direct (first-order) interface with the RCS
(including the pressurizer and the steam generator) were listed and
are tabulated in Appendix Table A.9.

2. Only these systems directly affecting RCS response were selected.
Interfacing systems that may be affected by but do not themselves
affect RCS response were eliminated, although it should be noted
tnat some systems eliminated for this reason may be selected as an
interfacing system (see Item 3 below).

3. For the remaining systems, all systems interfacing with the systems
selected in Appendix Table A.9 were identified., These second-order
interfacing systems, exc'uding those in Appendix Table A.9, are
listed in Appendix Table 4,10,

The 1ist of systems initially selected for analysis includes all control
systems that potentially affect RCS response during plant transients and
all second-order systems that potentially affect the response of first-
order systems, The specific impact of failures of these systems on RCS
cooling are evaluated in this report.

In summary, the following 11 major control systems potentially affecting
RCS overcooling or undercooling were selected for detailed failure modes
and effects analysis (FMEA).

Principal Fluid Systems

Reactor Coolant System (NOW)

Makeup and Purification System (NO5)

Main Steam and Turbine Bypass System (PO1)
Turbine Generator System (P02)

Main Condenser (P03)

. Condensate and Feedwater System (POU)

WM EwWwn -
-

Supporting Fluid Systems

7. Reactor Building Component Cooling Water System (W03)
8. Recirculated Cooling Water System (WO4.D)
9. Instrument Air System (W07.B)
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Control Instrumentation Systems

10. Integrated Control System (ICS) (NO2.B)
11. Nonnuclear Instrumentation (NNI) (N0O2.C)

In addition to the above systems, local control instrumentation will be
considered along with associated fluid system components (e.g., local
pump and driver controls). Also, the plant electrical systems have been
analyzed. The results of this analysis are described in ref. 6 and will
be incorporated into the FMEA results presented in Sect. 3.

To ensure completeness and to verify the adejuacy of the selection
procedure, each of the systems not selected was briefly reevaluated

to assess its potential impact on the SICS program. The results of this
evaluation are provided in Appendix Table A.11.

2.4 SELECTION OF CONTROL SYSTEM POTENTIALLY AFFECTING SG OVERFILL

In contrast to RCS overheating or overcooling, SG overfill can be
readily defined and contributing systems identified. SG overfill
results directly from an uncontrolled injection of FW into either SG.
Based on a review of the control systems listed in Appendix Table A.8,
one principal fluid system and associated interfacing systems
potentially affect SG overfill:

Principal Fluid Systems

1. Condensate and Feedwater System (PO4)

Supporting Fluid Systems

2. Instrument Air System (WO7.B)

3. Main Steam and Turbine Bypass System (P0O1)
4, Turbine Generator System (P02)

5. Main Condenser (P03)

Control Instrumentation Systems

6. Integrated Control System (ICS) (N02.B)
7. Nonnuclear Instrumentation (NKI) (NO2.C)

Other systems that potentially affect SG overfill include electrical
systems, local instrumentation, and physical interfaces with the NNI
(e.g., the SGs). Although the auxiliary feedwater (AFW) system may
initiate SG overfill, it is a safety system and will be considered only
to the extent it responds to control system-initiated transients.
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2.5 SELECTION OF CONTROL SYSTEMS PCOTENTIALLY AFFECTING RECOVERY FROM
DESIGN BASIS TRANSIENTS

In evaluating the SICS, it is necessary to evaluate the effects of
control system failures on noncontrol-system-initiated transients as
well as those transients directly initiated by control system failures,
The control systems of Appendix Table A.8 were reviewed with respect to
the system responses described in the Oconee design basis accident
analysis section of the Oconee FSAR.® Based on this evaluation, control
systems potentially affecting recovery from design basis transients were
identified,

Sixteen de~ .n basis accidents were evaluated in the Oconee FSAR, Of
these, eign. either did not affect the RCS (e.g., waste gas decay tank
rupture) or were terminated by reactor trip (e.g., uncompensated
operating reactivity changes). These accidents are listed in Appendix
Tables A.12 and A.13. Accidents with significant post=trip RCS impact,
including major events such as loss-of-coolant accidents (LOCAs), are
listed in Appendix Table A.14,

The major accident annlysis descriptions were reviewed with respect to
the control systems listed in Appendix Table A.8. The principal fluid
systems that could potentially affect recovery from the listed accidents
were found to be those identified for RCS overcooling and undercooling
transients (Sect. 2.3).



3. EVALUATION OF SICS TRANSIENTS

In Sect. 2, 11 Oconee control systems were identified that could
contribute to the ldentified SICS transients of concern: RCS
overcooling, RCS overheating, SG overfill, and recovery from design
basis accidents, 1In Sect. 3, the specific failure modes of these
systems are i{dentified and evaluated to assess their relative importance
to safety.

Evaluation of the safety implications of control system failures was
accomplished in two steps: (1) a detailed evaluation of the specific
failure modes of the systems and (2) subsequent evaluation of the
combinations of failures that could result in significant adverse safety
effects. Analyses of system failure modes using the FMEA technique is
discussed in Sect. 3.1, Section 3.2 evaluates and discusses sequences
of possible safety significance including evaluation of expected
sequence frequencies. (The major analysis results are summarized in
Appendix B.1.)

3.1 FAILURE MODE AND EFFECTS ANALYSES

Failure Mode and Effects Analyses (FMEA) have been performed on the
Oconee control systems to identify failure modes of interest -o the SICS
Program. The choice of the FMEA technique over other techniques such as
fault tree analysis was based on the relative lack of knowledge
concerning specific failure modes of interest and the expected subtlety
of the failures and their effects. A discussion of the methodology
selection process is provided in Appendix B.1.

Detailed, component-level FMEAs have been performed on the major control
systems selected (Sect. 2), and detailed tables of results are presented
in the Appendices. Appendix B.2 contains the FMEA tables for the steam
cycle systems: the main steam and turbine bypass system, the turbine
generator, the main condenser, and the condensate and feedwater system.
The makeup and purification system FMEA, including the letdown fluid
processing equipment, is provided in Appendix B.3. Appendix B.4
provides the FMEA of the RCS pressurizer Subsystem.

These appendices present the FMEA results based on fluid system
components. They also address the effects of failures of control
instrumentation and supporting fluid system components. The following
subsections summarize and discuss the results of these analyses with
respect to their significance to RCS undercooling, RCS overcooling, SG
overtill, and recovery from design basis accidents.

3.1.1 Failures Contrlbuting to RCS Undercooligg

RCS undercooling occurs when heat generated in the reactor core (and to
a lesser extent by the operating RC pumps) is not removed from the RCS.
Safety implications of RCS undercooling, however, occur only when the

21
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combined actions of the plant control and safety systems fail to provide
an adequate mechanism for heat transport from the reactor core itself.

Assuming that the reactor is tripped (a safety function), insufficient
core cooling will occur in a PWR such as Oconee, only from an inadequate
reactor coolant inventory. This condition can result from either a
breach of the RCS (LOCA) or a total loss of steam generator cooling and
loss of safety injection of reactor coolant.

Specific fallures of the Oconee control systems that may contribute to
or initiate a LOCA, a loss of steam generator cooling, or degradation of
the safety injection functions are identified and discussed in this
section. Insufficient core cooling effects result.ing from failures in
the RCS subsystems (pressurjzer, RC pumps, and SGs) and associated
control instrumentation and support systems are identified and discussed
in Sect. 3.1.1.1. The insufficient core cooling effects of failures in
power conversion and makeup and purification systems are discussed-in
Sects. 3.1.1.2 and 3.1.1.3, respectively.

3.1.1.1 Reactor Coolant Subsystems. Three RCS subsystems have been
identified as potentially contributing to insufficient core cooling
transients: pressurizer, RC pump, and SGC subsystems. Table 3.1 lists
the insufficient cooling failure modes and interfacing systems
associated with the failure modes for each RCS subsystem, and component=
level FMEAs of each of these subsystems are presented in Tables 3.2,
3.3, and 3.4, Following are discussions of the results of the
pressurizer, RC pump, and SG subsystem FMEAs.

3.1.1.1.1 Pressurizer subsystem. Release of reactor coolant (a
small LOCA) has been identified as an insufficient cooling initiator for
the pressurizer subsystem. In Table 3.2 the specific component-level
failures leading to or contributing to this failure mode are identified,
and the potential causes of the failure, its effect on the RCS, and
possible remedial actions are listed for each.

A release of reactor coolant will result initially from either the PORV
or pressurizer code safety valve failing open. Code safety valves are
passive devices that open when the fluid pressure on the valve's seat
overcomes the spring force holding the valve closed. The valves are
designed to close when the fluid pressure is no longer sufficient to
hold the valve open (this trip point is typically lower than the opening
pressure)., Safety valves could fail to close due to improper valve
maintenance or possibly severe operating condit.ons (e.g., liquid
discharge), which could result from control system failures. If one of
the safety valves does fail to close, the leak path cannot be i(solated
(see Table 3.2, Item 1),

The pilot-operated relief valve (PORV) opens and closes in response to
external control signals. It is opened by applying power to the pilot
valve solenoid. This results in the pilot valve opening and applying

fluid pressure to the relief valve operator, which in turn opens the






Table 3.2. Summary of pressurizer system FMEA:
core cooliag transients
Failure Possible Causes Effects

Release of Rea<tor Coolant

1. PORV RC-RV) mechanical fallure of valve Small LOCA, Pr ssurizer fills
Fails Open resulting in vaive opening during RCS depressur ization,

or fallure to close once Pressurizer heaters energized,
open.

2. Pressurizer Mechanical failure of Smal LOCA or RCS leak,

Code Safety valve(s) to close after Pressurizer fills during
Valve Fails opening possibly due to depressurs ization, Pressurizer
to Close control system fajlures, heater s energized,

3. Power to PORV © NNI Pressure Switch PORV opens resulting in a
Solenoid (RCY-®88) or Controller sma'!l "OCA, Pressurizer fille
Fa'ls On [#"CI-¥1852) Failure during depressur ization,

Nresaur izer heaters

enerqized,

© NNI natrow range RCS PORV opens resulting {n a

pressure transmitter or small LOCA. Pressurizer fills
signa! conditioning modules dur ing depressurization,
produce spurious high RCS Pressur izer Bpray valve RC-V]
pressure signal. opens and pressurizer heaters

are deenergized.

4. Failure of Tranemitter failure or a A selected low pressurizer level

Selected
Pressutizer
lLevel
Transmitter
Outpet Signal
Low

fallure of the selected
transmitter’ s power supply
{1CS Panelboara KI branches
HEX, HEY or Computer
Panelboard Ku)

Failures leading to or affecting insufficient

e — e — s e ——

signal results in the makeup
val!ve opening and filling the
pressurizer, deenerqizing the
vressur izer heaters and possibly
initiating a steam generatot
overfil] transient (see Table
3.1.), PMEA of the Steam
Generators), 1f the pressurizer
is allowed to fill, the PORV or
safety valves would be opened and
the vossible liquid discharge
through the valve could contri-
bute to their failure,

Emergency procedures for small
LOCA's must be followed. Open
PORV ray be identified by PORV
accoustic monitor (details
unavailable! and/or discharce pipe
high temp. indication, LOCA may
be terminat_.d by closure of the
PORV Block valve, RC-4.

Emergency procedures for small
LOZA must be followed. Open
valve may be identified by
discharce pipe high “emperature
indication,

Emergency piocedures for small
LOCA's must be [ollowed, Open
PORY may be identified Ly PORV
accoustic monitor (details
unavailable) and/or dischacge pipe
bigh temp., indicat:en., LOCA may
be terminated by closcre of the
PORY Block valve, RC-4, PORV
manual control way be operable,

Emergency procedures for small
LOCA's must be followed., Open
PORV may be identified by PORV
accoustic monitoc (details
unavailable) and/or diocharge pipe
hiagh temp, indication. LOCA may
be terminated by manual closurc of
the PUNV, RC-RV] or its block
va've NC-4, The pressurizer Spray
valve, °C-Vl, may be manually
closed and the pressurizer heaters
manually controlled.

The operator can compare the three
pressurizer level measurements
through the computer and manually
select an operable tranrsmitter for
contro! and indication., M™Manual
control of the makeup valve fand
feedwater control valves) s
avallable, The loss of a
transmitter power supp'y s
alarmed in the control room,

he




Table 3.3. FMEA of RC pumps: railures leading to or affecting insufficient core

cooling transients

Failure Possible Causes Effects Remedial Actions
Release of Reactor Coolant
1. RC Pump Seal o Simultaneous loss of Small LOCA, Seal failures can Trip pump prior to seal failure
Failure pump seal injection and not be isolated, and achieve cold shutdown,
Bl component coo!l ing Emergency procedures for small
water ., LOCA's must be followed once seal

failure occurs.

o Failure of seal Same as above, Same as above,
injection following
operation with excessive
seal wear or damage.

o Undetected seal Same as above. Same as above,
ctaterials cefects.
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o Injection of Same as above. Same as above.
particulates into seal-
shaft surface.

o Excessive thermal Same as above. Same as above.
cycling of seals.



Table 3.4. FMEA of Steam Generators:

Pallure Possible Causes

Release of Reactox Cociant

3. Steam Cenerator
Tube Failure

© Rarerial defects in tubes.

o Long term operation with
adverse feedwater
chemistry.

o Excessive magnitude/
fre juency of compression
a.d tension cycles on tubes
with undetected defects in
tube material.

© Severe cooldown of RCS with
undetected defects in tube
material.

Insufficient Steam Generator Heat Tranafer Rate

2. Injection of Main o Main feedwater pumps trip.
Feedwater to Both
Steam Generators
Teiminated

o Main feedwater flow
isolated (Main and Startup
Valves Closed).

cooling transients

Effects

failiures leading to or affecting insufficient core

Remedial Actions

Steam generator tube rupture
ac-ident: a small break LOCA
with the reactor coolant
teleased to the main steam
system and condenser.

Same as above.

Same as above.

Game as above.

A trip of the feedwater pumps
terminates main feedwater but
automatically initiates Emergency
Peedwater. Insufficient cooling
will not occur unless the
Emergency Feedwater System fails.

Steam generator dryout occurs
with subseguent pressurization
of the RCS and opening of the
PORV and/or pressurizer safety
valves.

Emergency procedures for steans
generator tube rupture accident
must be followed,

Same as above.

Same as above,

Same as above.,

Confirm automatic initiation and
control of Emergency Feedwater.
I1f Emergency Feedwater fails,
manually initiate HPI on low
reactor coolant subcooling.

Manually initiate Emergency
Feedwater and confirm subsequent
closure of PORV, If low reactor
coclant subcooling occurs,
manvally initiate HPI,

9¢



relief valve. The relief valve is closed by deenergizing the pilot
valve solenoid.

The PORV may fail open in response to mechanical failures of the relief
valve or pilot valve (Item 1) or a control circuit failure, which
energizes or fails to deenergize the pilot valve solenoid (Item 3),
Certain circuit failures such as a failure of the valve control switch
or pressure switch may occur with other pressurizer components operating
normally. The decreasing pressurizer pressure will be detected,
resulting in the spray valve closing and the pressurizer heaters being
encrgized., Other failures, such as those generating a spurious high
pressurizer pressure signal, will result in tre PORV and spray valve
opening and the pressurizer heaters being deenergized. In contrast to
safety valve failures, a failed open PORV may be isolated by manually
initiating PORV block valve closure, which will terminate the release of

reactor coolant.

Failure of the pressurizer pressure transmitter or associated signal-
conditioning modules producing a spurious high pressurizer pressure
signal also will result in the opening of the spray valve, The effects
of the spurious high pressure signal include opening the PORV (a small
LOCA) and deenergizing the pressurizer heaters in addition to opening
the spray valve,

Failure low of the selected pressurizer level transmitter has been
included in this category because a pressurizer overfill transient could
occur., Valve damage could occur if the overfill is allowed to result in
liquid discharge through the PORV or the safety valves.

In addition to failures that result directly in a potential insufficient
core cooling transient, other pressurizer system failures may exacerbate
the effects of such a transient. These failures include instrumentation
failures that could impede the detection of an open relief or safety
valve and failure of the PORV isolation valve, which could prevent rapid
terminatior. of a transient resulting from a failed open PORV.

3.1.1.1.2 RC pump subsystem. One insufficient cooling initiator
in the RC pump subsystem has been identified: release of reactor
coolant due to failure of the RC pump shaft seals. RC pump seal
failures may result from several causes (see Table 3.3)., If degraded
performance of the RC pump seals is recognized by the operator prior to
complete failure of the seals, seal failure may be delayed by tripping
the affected pump. Once seal failure occurs, however, the resulting
small LOCA cannot be isolated.

3.1.1.1.3 Steam generator subsyatem. Two potential insufficient
cooling initiators have been identified for the SG subsystem: release
of reactor coolant due to SG tube failure and insufficient heat transfer
rate across the SG. The FMEA of the SG subsystem is presented in
Table 3.4,
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Steam generator tube leaks that occur during normal operation are
typically due to a combination of causes (see Table 3.4). Although
control system failures have not been identified as the sole cause of a
tube leak or failure, control system failures may initiate a tube
failure in combination with other existing conditions, or may increase
the rate of tube degradation,

The impact of SG tube failure on insufficient cooling depends on the
rate of release of reactor coolant. The more common small leaks may not
result in a net loss of reactor coolant if the makeup system is capable
of injecting coolant at the tube leak rate, However, the less frequent
tube rupture transients which result in a leak rate of hundreds of
gallons per minute are small LOCAs., In addition to the direct effects
of the release of reactor coolant, SG tube rupture procedures typically
require rapid cooldown and depressurization of the RCS,

Insufficient core cooling transients resulting from a loss of SG cooling
have been identified in Table 3.4, Item 2, The FW pump trip and MFW
isolation cases are considered in detail in the FMEAs of the main steam
and turbine bypass system and the condensate and main feedwater system,
which are discussed in Sect., 3.1.1.2.

3.1.1.2 Power Conversion Systems. As discussed earlier, the loss of SG
heat transfer insufficient cooling mechanism can be initiated by
fajflures in the MFW systems, Specific failures in these systems
contributing to potential insufficient core cooling transients are
discussed below.

3.1.1,2.1 Main Steam and Turbine Bypass System. The main steam
and turbine bypass system transports the steam generated in the SG to
the high-pressure turbines or diverts it directly to the atmosphere or
condenser, In addition to piping, the system consists of 16 spring-
loaded code safety valves, 4 pneumatic turbine bypass valves, the high-
pressure turbine step and governor valves, and high-pressure steam
supply lines to the MFW and EFW pump turbines,.

Following reactor and turbine trip, the steam generated by reactor core
decay heat can be rejected to the condenser via the turbine bypass
valves or to the atmosphere via any of the code safety valves. Nc
credible failure modes could be identified that would significantly
affect the capability to reject steam at decay heal levels,

Steam supply isolation valves MS-35 or MS-36, if closed during plant
operation, would result in the inoperability of the assoclated MFW pump
following main turbine trip. No single failure was found that would
affect both pumps. Steam supply isola.ion valves MS-82 and MS-84, if
closed during plant operation, would result in inoperability of EFW
pump A. However, closure of both valves would be required to affect
emergency pump operation, and even these failures do not affect
operability of the two motor-driven FFW pumps.




3.1.1.2.2 Condensate and Main Feedwater System. Failw'=s in the
condensate and MFW systems have two principal effects of significance to
inadequate core cooling: (1) a trip of both MFW pumps, and
(2) isolation of the FW flow to both SGs. Component failures leading to
these conditions are identified in Table 3.5 and discussed below.

Many single fallures are expected to result in trip of both MFW pumps .
These failures include loss of condenser vacuum, flow blockages upstream
of the MFW pumps, or failures of the hotwell or condensate booster pumps .
In addition, single failures in the FW control valves or the ICS

FW control circuits that result in a high level in either SC will cause
automatic trip of both FW pumps. Failures in the pump trip circuitry or
selected 1C5 power supplies also result in FW pump trip. Trip of the
MFW pumps results in automatic initiation and control of the EFW system.

Although fajlures can be identified that would isolate FW flow to one or
the cother 5G, single-component failures that would isolate botn SGCs
could not be identified. However, two ICS power supply failures,
failures of the "auto power" (H1 or H circuits), of the "hand power"
(H1X or HX circuits) and of one module in the FW pump speed control
clrcuits may result in termination of MFW flow. These failures are of
importance because automatic initiation of EFW would not be expected
(EFW is automatically initiated by a trip of the FW pumps or very low
discharge pressure).

Loss of hand power results in the speed of both MFW pumps decrreasing to

2800 rpm (zero V speed signal in a $10-V range) and the turbine bypass
valves closing and remaining closed. In this condition, with the
meduced shutoff head of the MFW pumps less than the lowest setpoint
pressure of the main steam code safety valves, the flow to both SGs will
stop (see Sect., U4).

In addition, low failure of a "sum" module in the speed conirol circuit
of the ICS FW pumps may result in minimum pump speed. In contrast to
the power failure, however, the turbine bypass valves would remain
operable, which increases the likelihood of continued flow at lowered
pump speed. In any case, this failure would not affect the ability of
the operator to increase pump speed manually.

Failure of the auto power circuit may not result in an immediate
transient. However, many plant controls would transfer to manual
including the MFW flow control valves., Under this condition, the
operator may close the main and startup control valves manually to
prevent an initial SC overfill and the pump trip that weuld otherwise
follow a reactor trip.

With either of “he power supply failur:a, the FW flow to both SGs may be
terminated without tripping the MFW pumps and consequently without an
automatic initiation of EFW. Although the operator would be able to
initiate and automatically control EFW manuallv, the spurious alarms and
deenergized indicators may be confusing. Furthermore, the initial SG FW




Table 3.5.

Component

Failure Moge

Summary of condensate and main feedwater FMEA:

insufficient core cooling transients

Potential Causes

Condenser Vacuum
Greaker Valve
v-186 (?)

Hotwell Pump
Isolation Valves
c-1, 2, 4, §

Hotwell Pump B, C

Condensate Valve
c-19

Demineral izex
Bypass Valves
c-14, 1%

Generator Water
Cooler Bypass
Valve C-61

Valve spurious.y
opens

Valve spuriously
closes

One or both pumps
tripped,

inoperab’e

Valve spuriously
closes

Valve spuriously
closes

valve spuriously
closes

failures leading to or affecting

Effect on Plant

Remedial Actions

Instrunentation or
maintenance fajlure,

Instrumentation,
maintenance failure,

Electric power, motor
failure, loss of Recirc,
Coo’! ing Water flow to
bearing coolers.

Instrumentation, valve
opezator or maintenance
fatlure,

Instrumentation, valve
operator or maintenance
fallure.

Instrumentation or valve
operator failure.,

Turbine trip, trip of MFW
pump turtbines and interlock
of turbine bypass valves
closed,

Less than 508 seduction in
condensate flowrate and
probable PW pump and reactor
trip at higher power levels.
Automatic initiation and
control of emergency feed-
water, At lower power levels
(<508 power) operation ex-
pected to continue,

Failure of both pumps and
failurte of one pump at higher
power levels result in FW
pump, reactor trip and auto-
matic initiation and control
of emergency feedwater. At
lower power levels [(<50%
power) operation expected to
continue following loss of
one pump,

Trip of FW pumpe and reactor,
Automatic initiation and con-
trol of emergency feedwater.,

Less than 10t reduction in
condensate flowrate and pro-
bable FW pump and reactor
trip at higher power levels.
Automatic initjation and
control of emergency feed-
water., At lower power levels
(<500 power) operation ex-
pected tc continue,

Trip of FW pumpe and reactor.
Automatic initiation and con-
trol of emergency feedwater.

Identify open valve and
manuvally close.
Reestablish conlenser
vacuum, Ensure automatic
initiation of EFW if MFW
pumps teip.

Identify closed valve and
manually recpen valve or
reopen faitlure, Ensure
automatic initiation of
EFW Lf MFW pumps trip.

ldentify and repais
failure. Ensurs automatic
initiation of EPW if MFW
pumps trip,

ldentify closed valve and
manually reopen or repafr.,

1dentify cloeed valve and
manually reopen or repair,

1dentify closed valve and
tepair failure.

0t




Table 3.5.

Componen®

—

Failure Mode

(continued)

Potential Causes

Condensate Booster
Pump Isolation
Valves C-77, RO,
Hl, 84

Condensate Booster
Pumps A, B

*F*" Low Pressuie
FW Heater
Isolation Valves
c-89, %0, 9]

Low Pressure Fw
Heater !solation
Valves C-103,
c-104, C-110,
c-111, €-117,
C-118

FW Weater Drain
System

W Pumps A, B

Valve spuriously
closes

One or both pumps

teipoed,
inoper sble

Valve spur:ocusly
closes

Valve spuriously
closes

Unspecified - Dwna,
PO-123A not
available

Pump trip

Instrumentation,
maintenance failure,

Electric power, mctor
failure, loss of Recirc,
cool ing water flow to
bearina coolers,

Instrumertation or
maintenance fallure,

Instrumentation or
maintenance fatlure.

Unspecified - Dwg.
PO-123A not available,

Insirumentation fatlure,
pump/turbine faflure,
high steam generator
level, loss of Recirc,
cool ing water flow to oil
coolers - see also FMEA
of Condensate System and
Main Steam System.

Effect on Plant

Remedial Actions

Less than 50 reduction in
condensate flowrate and pro-
bable FW pump and reactor
trip at higher power levels,
Automatic {nitiatjon and con-
tro! of emeraency feedwater.
At lower power 'evels (<S50%
power) operation expected to
cont inue,

Fallure of both pumps and
failure of one pump at higher
pewe: levels result in Fw
pump, reactor trip and auto-
matic initiation and control
of emergency feedwater. At
lower power levels (<508
power) operation expected to
continue following loss of
one pump.

Less than 33% reduction in
condensate flowrate. Proba-
ble FW pump and reactor trip
at higher power leve! with
automatic initiation and con-
trol o emergency feedwater,

Less than 3% reduction in
condensate flowrate, Proba-
ble fW pump and reactor trip
at higher power levels with
automatic initistjon and con-
trol of emergency feedwater.

Effects bounded by a trip te
the mai~ FW pumps and automa
tic initiation and control of
emergency feedwater.

Trip of one pump will result
in a plant runback and possi-
ble reactor trip at higher
power levels (>50% power'.
Trip of both pumps results in
reactor treip and automatic
initiation and control of
emergency feedwater,

Identify closed valve and
manually reopen valve or
recnen fallure,

ldentify and regair
failure.

Identify cioesd valve and
maruvally reopen or repalr,

Identify closed valve and
manual ly reopen or repair.

Identify failure and
repair,

Identify f3!lure and
repair,

\£



Table 3.5. (continued)

Component Fallure Mode Potential Causes
Spurious speed Instrumentation or
decrease throttle valve cperator

failure.

Power to selected startup
level transmitter fails
(1CS Panelboard KI,
branch WEX or HEY).

FW Pump Valve fails to Instrumentation or valve

Recirculation open on low Ffw operator fallure,

Control Valve flowrate

FimM=-53,

55

Effect on Plant

Femedial Actions

Possible vecrease in feed-
water flowrate resulting in
plant cunback and possible
reactor trip. A runback of
both ¥FW pumps to minimum
speed will not result in
automatic initiation of EFW,
Loss of steam generator

cool ing may occur {f EFW not
manually initiated.

Depending on the manual
selection of the WEX or WNEY
powered startuy level trans-
mitters, either or both main
feedwater control valves open
tesulting in overfeeding of
the associated steam genera-
tors and possible "CS over-
coo'ing, The transient .s
avtomatically terrminated by
high steam generator leve!
trip of the main feedwater
pumps and automat:c inftia-
tion and control of emergency
feedwater. In addition to
effects on feedwater control,
these powet failures could
result in opening the makeup
control valve and closing the
loop A and/or B turbine
bypass valves depending on

ma .ual transmitter selection,

Following substantial feed-
water flowrate decrease
tronsients (e.q9., reactor
trip), fatlure to maintain
minimum pump flowrate will
result in pump trip or
possible pump damage.

Manvally initiate EFW on
low SG level. Identify
failure and repair.

Manvally close main feed-
water control and startup
valves and makeup control
valves. Automat.e¢ control
may be restored by manual
selection of operable
gteam generator startup
level and pressure trans-
mitters and pressurizer
level tranemitters,

ldentify faillure and
repair,



Component

Failure Mode

Table 3.5. (continued)

Potential Causes

FW Control Valve
FOW-32, FDW-41

FW Startup Valve
FIW-35, Fim-44

Valvei(s) open or
fall to close on
demand

Valvel(s) open or
fail to close on
demand

Loss of instrument air
pressure, instrumenta-
tion, or valve operator
failure,

Loss of Instrument air
pressure, Instrumenta-
tion or valve operator
fallure,

Effect on Plant

Remedial Actions

Valve (8) opening or remaining
in position after reactor
trip may resuit in a steam
generator overfeed condition,
Transient will be terminated
by automatic trip of main FW
pumps and initiation and con-
trol of emergency feedwater
unless manually controlled by
the operator. 1f main and
startup valves are manually
closed by operator, the
Startup valves must be manu-
ally reopened and controlled
to maintain SG level, Auto-
matic initiation of EFW will
not occur.

Valve(s) remain in position
following reactor trip which
may result {n a steam genera-
tor overfeed condit:ion,
Transient would be terminated
by automatic trip of main PW
pumps and {nitiation and con-
tro! of emergency feedwater
unless manually controlled by
the operator.

Identify closed valve and
manually reopen or trepair
failure

Identify failure and
manually close startup or
startup {solation valves,

£E



34

levels may be high., As a result, the time delay from initial loss of
power supply to the time FW flow rate must be reestabliashed toc prevent
SG dryout could also impede the decision to initiate EFW manually.

If the SGs were allowed to dry out, the operator would be expected to
initiate high-pressure injection (HPI) manually on low reactor coolant
subcooling. However, the existing confusing conditions already have
resulted in the operator failing to initiate EFW manually. A subsequent
failure to initiate HPI manually under these same conditions would be
significantly more likely than otherwise might be the case.

3.1.1.3 Makeup and Purification System., The makeup and purification
(MULP) system continuously processes reactor coclant and returns the
purified voclant to the RCS. 1In addition to coolant purification, the
MU&P system supplies RC pump seal injection flow.

A detailed FMEA of the MU&P system has been performed, and the e&ffects
of MU&P equipment failures have been identified. The MU&P failures
potentially affecting insufficient core cooling are summarized in
Table 3.6.

The failures listed result in or contribute to the release of reactor
coolant and, potentially, to insufficient core cooling. An isolable
small LOCA can result from a letdown cooler tube failure (Table 3.6,
Item 1). Two failures (Items 2 and 3) have been identified that
contribute to the potential for a small LOCA., If a drain path from the
standby letdown coocler is left open foliowing maintenance, the failure
may remain undetected because the cooler i3 isolated from the RCS,
Should the standby cooler subsequently be placed in operation (isolation
valves manually opened), a small LOCA would result.

Failure of the operating reactor building component cooling water flow
results in isolation of cooling water to the letdown coolers and RC
pumps. This failure results in automatic isolation of letdown flow. If
the letdown storage tank (LST) is allowed to drain, resulting in damage
to the operating HPI pumps, or if the HPI pumps were manually tripped to
protect them, a simultaneous loss of RC pump seal injection and cooling
water flow occur. As identified in Table 3,3, this condition could lead
to RC pump seal failure.

In the three MUAP failures listed in Table 3.6, the LST will be drained
unless an alternate supply of water is provided to the HPI pumps.
Following a small LOCA, this actlon may occur automatically if the
1500-psi engineered safety features actuation system (ESFAS) set point
is reached pricr to draining the LST. If the LST is allowed to drain,
the operating HPI pump would be damaged, degrading the HPI safety
function required for mitigation of small LOCAs.

This consequence of draining the LST has been recognized by Duke Power
Company, and "A modification is currently under way which will address



Table 3.6.

T o o Bt . S e i — i T P2 5 e e T e—

Farlure Poarible Causcs
1. Letdown Cooler Corr®eion, stress on tubee.
Tudbe Faliure

CoRteibnbing. 2aise

2. Op=n fetdown Undetected, imprope.
Cooler Diata mALALIENCE tesUlting in apen
Faih dia:r peth from an lzolated
coaler sand sulstguantly
Piaci®g the cosler {pto
(peravion,

5. Beactor Baiiding fpurious cortainment isolation
Uenpenent Cooling valve €lomute or trip of @
Water Flow to component cooling watec pump
Letdown Cooler end fajlure 16 atart zpare
and &C pump.

Termingtad

Summary of mskeup and purification system FMEA:
insufficient core cooling transients.

Effects

Isolaranle small LCEA or PC leak.
Peiox t3 ESPS actmactian,
opeiating 4Pl pumps wiil be
Aepleting lot@own scutMge btank
(LET . If abhe LST ie 2] lowed to
drain; the operating HpY puUmps
would be consefuentisily damaged.

Irolatable emal! LOCA ot RC iwak,
Prict ko ESFS sovusticn,
OPpErating Wl pumpes will de
depleting lecdoor atorage tank
fLET). 12 thE L5357 ia allowe® 10
diain, the vpelatiftg BeY

wiuld be consequencially camaged,

Letcown (wth isolated resulting
in the RC Ponp seal injection
tlow Ueina pumped frow The LY T.
T the L5™ je allowed to drain,
the resultirq pemp doTage could
resuit 1% 8 simcltaneous lcos of
cuminneri oooling wates £10W and
RC punp eeal injecrion flow.

. o, W e i ate sy, e

v .t i i r—

failures loading to or affeoting

Remedial Actione

Manually open a tluwpath from she
SWET to tae HWPY pumps Frivi te
depleting the LST. fgrlate tie
afrected lerdawn ceoler, end place
dligrhdte wcoler in uvperationm.

Manually c9e™ a fiowpath from the
SW3T to the ppl pumps prior to
depleting the LST. 1gdlate Lhe
affectad letdown cooler, pns piace
a'tearnate cotle. in aparat lfs.

Mamusll, open & €lowva®h irom the
BWST Lo the H2I pumpe Pprior to
dra‘nine LAT. If cUmpanent
coolina water f’ow cannot he
cestored. *rip RC pumps to prevent
danage to pump Learings,

E13
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the concerns of an alterrate HPI pump suction supply and additional LDST
level alarms."'!

3.1.2 Failures Contributing to RCS Overcooling

RCS overcooling is a transient response which results in a continued
decrease in reactor coolant temperature. In contrast to RCS
undercooling transients, however, the specific safety implications of
overcooling are more difficult to define. Loss of reactor coolant will
result in a continued decrease in temperature due to decreasing RCS
pressure (i{.e., the coolant saturation temperature is reduced). As
discussed in Sect. 3.1.1, loss of reactor coolant contributes to
possible inadequate core cooling. More generally, significant RCS
temperature reductions have been analyzed to assess their impact on
reactor vessel integrity due to the pressurized thermal shock (PTS)
phenomenon. (PTS analyses of the Oconee plant are discussed in

ref. 5.)

Section 3.2 discusses component failures resulting in RCS overcooling
due to excessive SG heat transfer from the RCS, Component failures
contributing to a loss of reactor coolant were addressed in Sect. 3.1.1.
Transients resulting in a decrzase in RCS pressure can occur due to
pressurizer spray valve malfunction in addition to loss of reactor
coolant. Spray valve malfunctions, however, are self-limiting and, as
such, are not considered RCS overcooling events.

Failures resulting in increased SG heat transfer were found to be
limited to the power conversion systems, specifically the main steam and
turbine bypass system and the condensate and feedwater system. These
pontributing failures are discussed in the following sections.

3.1.2.1 Main Steam and Turbine Bypass System. The principal RCS
uvercooling effect caused by failures in the main steam and turbine
bypass system is the potential for depressurizing the SGs. Reducing SG
pressure reduces the saturation temperature on the secondary side of the
SGs and increases the heat transfer rate from the RCS. Table 3.7 lists
failures in the main steam and turbine bypass system that cause
depressurization of the main steam system and the resulting effects on
the RCS.

Fajilures potentially resulting in depressurization of the main steam
system include the failure of main steam safety valves or turbine bypass
valves to close as designed, a diversion of steam to the startup steam
header, and failure of the main turbine to trip following reactor trip.

The 16 main steam code safety valves (8 valves per SG) are spring-loaded
valves that open upon high steam pressure on the valve seat. As the
steam pressure decreases, the force of the springs on the valve seats
closes the valves automatically. Some of the safety valves are expected
to open following turbine trip. Improper valve maintenance could result



Table 3.7.

Fallure

Summ~ry of main steam and turbine bypass FMEA:

Possible Causes

Depressurization of Main Steam Systen

RCS overcooling

Effects

failures leading to or affecting

Remedial Actions

2 One or More Main Mechanical fatlure of valve, Steam leakage to the atmosphere. Emergency procedures for a small
Steam Safety improper maintenance, Depending on the response of the steam line break must be followed,
vValves (m5-1 discharge of entrained turbine and reactor controls, Isolation of feedwater to affected
through MS-16) 1iquid through valves, automatic reactor and turbine Steam generator may bs required to
Fails to Close trip and potentially overcooling prevent exceeding 100°F/hr RCS
Following of the RCS could occur. cooldown rate.

Turbine Trip

2. One or Both Steam Mechanical failure of Steam diverted to condenser. Identify open valve(s) and
Generator A valve(s) or transducers, Depending on the response of the manually close isolation valve
Turbine Bypass improper maintenance. turbine and reactor controls and M5-17 as required to control RCS
Valves (MS-19, the main condenser, automatic cooldown rate.

22) Fail Open or reactor and turbine trip and
Fail to Close potentially overcooling of RCS
Following Turbine could occur.
Trip
3. Both Steam © Spurious output of manual Steam diverted to condenser. Identify open valveis) and

Generator A
Turbine Bypass
Valves (MS-19,

control station SS15A-MC
{aux, shutdown panel)
signale valves to open,

Depending on the response of the
turbine and reactor controls and
the main condenser, automatic

22) Open in reactor turbine trip and
Response to a potentially overcooling of RCS
Spur ious could occur.

Control Signal

manually close isolation valve
M5-17 as required to control RCS
cooldown rate.

LE

0 Spurious high output from
selected steam generator A,
outlet pressure transmitter
(SS6A-PT]1 or PT2) or train
A control circuit modules.

Steam diverted to condenser. De-
pending on the response of the
turbin> and reactor controls and
the main condenser, automatic
reactor turbine trip and poten-
tially overcooling of RCS could
occur.

Identify open valves and manually
control. Close isolation valve
MS~17 if required to limit RCS
cooldown rate.

4. One or Both Steam
Generator B
Turbine Bypass
Valves (MS5-28,

Mechanical failure of
valve(s) or transducers,
improper maintenance.

Steam diverted to condenser.
Depending on the response of the
turbine and reactor controls and
the main condenser, automatic

identify open valve(s) and
manually close isolation valve
M5-26 as required to control RCS

31) Fail Open or
Fail to Close
Following Turbine
Trip

reactor and turbine trip and
potentially overcooling of RCS
could occur.

cooldown rate,



Table 3.7. (continued)
Faillure Poseible Causes Effects Remedial Actions

S. poth Steam © Spurious output of manval Steam diverted to TOndenser. ldentify cpen valve(s) and
Generator B control station SSI5A~MC Depending on the gesponss of the manually cloee isclatien valee
Turbine Bypase (aux, shaytdown petel}l tutbine ahd yeactor contrfcls gnd MA-26 &5 reqgulied to conirs]l RCS
Valvers (M5-28, signal vaives to ogen. the maln 7ondenper. automatic cooldown rate.
3i) Open in teactoi aud tusbine tiip and
fesponse to a eoteantialiy oveicooling of RIS
Spur ious rould OTCwr.

Control Signal
& Spurious high output from Stean diverted ve concensec, Identafy open ¥alveis) and
selected sleam generator B Depending on the i#3poneE® of the manually close {eclation vaive
ouflet prEsBure transmitter tutbine and reactor controls and MS-26 as reyuired to comtrol BUS
(SS6A-PTL or PT2) or train the main condenser, automatic cooldown rate.
A contrel citcuit medules. reactor and turbine trip and
potantiailly overdonling of RUS
ceuld occur.

6. Stean Cenerator Commen selpoiat module Stear divestsd tO condenser . identify open valve(s! and
A and B Turbine generates 2 spurious low Depending on Lhe response@ 3l the manually tiose isdiation valve
Bypass Valves setpoint pressure. turbine and (eactor controls end MS-17 and K5-35 22 cequiied to
ME=19; 22, 20, the main condensct, automatic conteol RCE coclaown ratd.
11y Gper in reartyr and gutbine trip and
Regponee to 8 potentiaily overcooling of RCS
Spur iCus rould Gocur:

ConteGl Signe)

7. Hteanm lJenerator A initiating trabmient Sream #iverted to condenser Pangaiiy €sntiol turbine bBypess
A and ® Turoune caustig tuibine Lelp followed Coupied with 2 main lacdwale? aneé a=in ferdwater control valves.
Bypass Velves Ly a loss of ICS Panelboaid oveifeeding of the steam 18 cequited, trip main fevduater
(MS~19, 22, 28, Ki branch H or Hl (Auto generators. Unlees manually and verify automatic
31) Fail to Power) . termirated, the potential for initiation and contiol of

iose Following BCS overcovling 1% sidgnlficant. emergency fesdwater.
Tuibine Trip
8. Diversion of unknown - PM-I84-1 not Steam diverted fiom HF tusbine - ‘deatify divecsion Cf oteam and

Lteam o
Staitup
dtesm nesder

availeble,

mey caue® turbine snd reacter
trip and potential overcooling
of RCS,

r{oio isclation valves MS-24 and
33

gt




Table 3.7.

Faiiure

B —

L

mzin Turbines
Fail to Trip
Following

Reactor Teip

Poswible Caunes

o Contacts irp LRGCS f2il to
vpen eh resctor tiip.

o Urapecilierd faitlures in
turbine tentrcl eystem
(detaile of tuibine
control hstrumentation
unavailable).

{eontinued)

Effeurs

Foiiowing resctor trip,

continued steam flow thiough the
turpines would result in
Sepressuriration of the *vrbine
heades, thiott]inag of the rtursine
governc: valve &and possibla
overcool ing of the RCE. Feed-
water flowecate ta steam )
generators initially throtties
until low steanm qenelatol ievel
sstpoint i8 reached. The extent
Gf RUS overcooling followinyg this
trankient is unknown.

Sane as above,

e e e N e———

Femadial Actioas

e i S —

Attempt te mspusily trip the high
and/or low Pressuse tucbhinaes,
Manually Throttie main feedwater
to cortrol RCS depresserizetion
Af reguired,

Same as above.

L
L
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in one or more safety valves failing to close at their (closure) set
point pressure, potentially leading to RCS overcooling.

in addition to the safety valves, four turbine bypass valves are
installed to control the steam line pressure following turbine trip.
Two turbine bypass valves are connected to the steam line from each
6G and may be isolated from the steam line by a manually operated
isolation valve. Each pair of valves is controlled by a separate
control circuit based on the pressure of the associated steam line,

Failure modes of the turbine typass valves include those affecting one
of the valves, modes affecting both valves on either steam line and,
potentially, modes affecting all four valves. Fajilure of a single valve
open or its failure to close (Table 3.7, Items 2 and 4) could be caused
by a mechanical fallure of the valve, the pneumatic operator, or the
associated E/P transducer, Failure of both valves on either steam line
to open or to close (Items 3 and 5) would be caused by failures in the
common control instrumentation strings.

Two failure modes were fdentified that potentially could cause all four
valves to fail open. Failure of the pressure set-point module common to
both instrument strings (Item 6) could result in both instrument strings
signaling the four turbine bypass valves to open. The second failure
mode results in the four transiently open turbine bypass valves failing
to close (Item 7), and involves a sequenced loss of the ICS Panelboard
KI branch H or H! (auto power)., The specific effect of a2 loss of auto
power is transfer of the turbine bypass valve to manual control. The
valves would then remain in their existing positions. If the power
fallure occurred immediately following turbine trip, the four turbine
bypass valves would be open and would improperly remain open. In the
case of this particular power supply failure, the MFW control valves
also transfer to manual and remain open.

Although this failure mode sequence appears highly unlikely, similar
events have occurred (Oconee Reactor Trip 3-35, 11/10/79). It is
believed that the response of the control instrumentation to a transient
(which may be caused by control instrumentation failure) increases the
likelihood of .ubsequent {sclation of the instrumentation power supplies.
It should be noted that most power supply failures other than branch H
or H! will cause the turbine bypass valves to close and remain closed,

In any of the turbine bypass valve failure modes identified, the
operator has the option of closing one or both isolation valves and
terminating the depressurization.

Diversion of steam to the startup steam header has been identified as a
possible cause of steam line depressurization affecting both 3Gs,
However, information concerning the distribution of steam to the startup
steam piping has been unavailable, Should a control failure in the
startup steam piping resuit in & significant diversion of steam from the
steam lines, the operator has the option of terminating the
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depressurization by manually closing both startup header isolation
valves,

Failure of the main turbine to trip following reactor trip has been
identified as a possible cause of significant SG depressurization.
However, while the potential for such a transient to occur is believed
to ve very unlikely, it remains unevaluated due to the unavailability of
turbine control instrumentation design information. Following reactor
trip, contacts in the control rod drive control system (CRDCS) open to
~ignal the turbine controls to automatically trip the turbine. Should
the CRDCS turbine trip contacts fail, the steam lines will begin to
depressurize, The lower steam pressure would be sensed by ICS and a
signal sent to the turbine controls to close the turbine throttle valves,
It i3 unknown whether other parameters input to the turbine controls
(e.g., turbine speed) would override the ICS signal and maintain the
turbine throttle valves open. However, should the turbine trip and

the throttle valves fail to close following a reactor trip, RCS
overcooling potentially <ould occur. The consequences are bounded by
those of the steam line brezk.

Two failures have been identified that would not result in an immediate
steam line depressurization but could increase the severity of other
subsequent failures. These are failures of the turbine bypavLs valve
isolation valves and failure of a CRDCS turbine trip contact., 1t is
believed that either failure could occur and remain undetected for a
significant period of time.

3.1.2.2 Condensate and Main Feedwater System. The principal effect of
failures in the condensate and main feedwater system on RCS overcooling
is the potential for overfeeding the SGs. Following reactor trip, the
potentially rapid increase in SG inventory is expected to result in RCS
overcooling until it is terminated manually or automatically. Specific
fallures in the condensate and main feedwater system leading to over-
feeding the SGs and the overall effects are identified in Table 3.8 and
discussed below,

Steam generator overfeeding will occur if either MFwW control valve fails
open or fails to close following a reduction in FW demand such as a
reactor trip. Typically, control valve failure open would be expected
to have a greater impact on RCS overcooling at low reactor power levels;
failure to close would be more severe at higher reactor power levels,

Failure open of one of the two control valves could occur due to a
mechanical failure of the valve or its operator, failure of the E/P
transducer, or failure of the associated ICS loop A or loop B FW control
circuit (Table 3.8, Item 1), In the event one of the control valves
fails open, the operator has the option of closing the main valve
manually and controlling the startup valve, if possible, or tripping the
MFW pumps. If the operator fails to control MFW flow, both MFW pumps
will be tripped automatically on high level in either SG. Simulation
was required for quantitative determination of the extent of RCS




Table 3.8.

Summary of condensate and main feedwater FMEA:

overcooling transients

failures leading to or affecting RCS

Fallure

Possible Causes

Effects

Rermedial Actions

Excessive Addition of Feedwater to Steam Generators

: Main Feedwater
Control Valve
Fim-12 or

FOW-41
Open

o Unspecified fallure in

valve operator or
associated valve control
station.

ICS Loop A or Loop B
feedwater control cirgcuit
generates a spurious high
demand sigral due to a
module failure,

Fallure of Steam Cenerator
Startup Range Level
Transmitter Sensing Tap.

Steam generator A or B level
increases possibly resulting in
reactor trip. Continued feed-
water injection following reactor
trip expected to result in RCS
overcool ing until terminated by
high steam generator level trip
of main feedwater pumps and
subsequent automatic initiation
and control of emergency
feedwater., (Automatic closure of
associsted main feedwater block
valve FDW-31 or FOW-40 1is
expected; however, this slowly
closing valve is not expected to
prevent the high level feedwater
pump trip.)

Steam generator A cor B level
increases possibly resulting in
reactor trip. Continued feed-
water injection following reactor
trip expected to result in RCS
overcool ing unti]l terminated by
high steam generator level
contrel setpoint or high steam
generator level trip of main
feedwater pumps and subsequent
automatic initiation and control
of emergency feedwater.

Steam generator A or B level
increases possibly resulting in
reactor trip. Continued feed-
water injection following reactor
trip expected to result in RCS
overcooling until terminated by
high steam generator level
control setpoint or high steam
generator level trip of main
feedwater pumps and subsegquent
automatic initiation of emergency
feedwater. Emergency feedwater
continues to overfill affected
steam genetator.

Trip main feedwater pumps manually
if required to control RCS
overcooling, Confirm automatic
initiation and control of
emergency feedwater.

Manually close main feedwater
control valve and manually contro!l
startup control valve in the
affected loop. Trip main
feedwater pumps manually if
required to control RCS
overcooline, Confirm automatic
{nitiating and centrol of
emergency feedwater.

Manually close main feedwater
control valve and manually control
startup control valve in the
affected loop. Trip main
feedwater pumps manually if
required to control RCS
overcooling, Confirm automatic
initiating and control of
emergency feedwater. Manually
control emergency feedwater based
on steam generator operator range
level signals.

ch



- Main Feedwater
Control Valves
FOW-32 and/or
FDW~41 Fails to
Close Following
Reactor Trip

Contiibuting Fasluzes

3. ®ain Feedwater
Pumps Fail to
Ty
Auvtomatically
on High Steam
Generator Level

Possible Causes

o Loss of Instrument Airg
Pressure.

ICS Panelboard K1
Auto Power branch (M, Hi)
of manuai transfer of main
feedwater control valve to
manual control.

o inss of

FPTX relay ocr associated

Eteam generator operate range
level transmitters or high
ievel bietables fall to
genegate a main feedwater pump
trip signal on demand.

Table 3.8. (continued)

Effects

Following reactor trip, the
supply of feedwater to the steam
generators exceeds the RCS demand
resulting in increasing steam
generator levels and possible RCS
overcooling. The transient is
terminated by an automatic high
Steam generator level trip of the
main feedwater pumps and auto-
matic initiation and control of
emergency feedwater using the
backup nitrogen system. Loss of
closure of the turbine bypass
valves, the makeup control valve
and RC pump seal return valve and
opening the RC pump seal
injection control valve,

Following reactor trip, the steam
geoerator® wisl be overfed
resuiting 1n possible RCS over-
cooling, The transient termina-
ted automatically by a high steam
Ggenerator level trip of the main
feedwater pumps. Loss of auto
power also resuits i1n the makeup,
RC pump 6Geal injection and
tutbune bypass valves trang-
{erring to wanual and freezing in
position, If the power failure
occurred feollowing turbine trip,
the turbine bypass valves could
fail in an open position
resulting i1n a steam generator
depressurization,

Faijluce could occur and remain
undetected during normal
opetat.ion, The automatic main
feedwater pump trip would not
terminate a steam generatos
overfill transient if required,

T ———— ————————— - —

Remedial Actions
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Manually trip main feedwater pumps
if required to control RCS over-
cooling. Follow emergency proce-
dure for loss of instrument air.

Manually close main feedwater
control valves and manually
control main feedwater startup
turbine bypass and makeup control
valves If required.

1f required, manually trip main
feedwater, condensated booster or
hotwell pumps to terminate
overfill.

3]



Table 3.8.

{continued)

Possible Causes

Effects

Remedial Actions

Main Feedwater
Block Valves

Fom-31,
Open

40 Fail

Problems sssociated with pusp
seal or bearing cooling,
electric power loss to RC
pumps {(and not affecting
feedvater pumps), ESPS signal.

Failuge of the valve, its
motor operator or electric

power supply.

A trip of the RC pumps tranafecs
contrel of the startup feedwater
valves to the selected operate
range level transmitters. If a
selected transmilter was in an
undetected failed low state, a
steam generator overfill
transient could occur with a
simultaneous failute of the
automatic high steam genegator
level feedwater pump trip.

Failure could occur and remain
undetect<d during normal
operation, Failure of the block
valve eliminates one possible
means of limiting steam generator
feedwater injection.

Manually control the affected
atartup valve, Trip the main
feedwater pumps if required to
control steam generator overfill.

If required, manually trip main
feedwater, condensated booster or
hotwell pumps to terminate
overfill,
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overcooling prior to automatic pump trip. Overcooling was minor, with
results described in Sect. 4,

Single failures in the loop A and B common control circuitry are not
expected to result in RCS overcooling due to downstream, loop-specific
signal modification (ICS Btu limits or RCS Tavg controls). However, if
the manually selected loop A and loop B startup level transmitters were
powered from the same power source (ICS Panelboard KI branch HEX or
HEY), a failure of this single power source would result in the loop A
and loop B control valves failing open (Item 2). The operator has the
option of controlling the main and startup FW control valves in each
loop manually or tripping the FW pumps if required.

Loss of the instrument air system or failure of selected ICS Panelboard
KI branch circuit H or H! will result in the loop A and loop B MFW
control valves failing in an "as {s" position (Item 2). Loss of
instrument air results in the FW control valves failing as is and the
turbine bypass valves closing. If a SG overfeed transient results, it
can be terminated by manual or automatic trip of the MFW pumps., Failure
of Panelboard KI branch H, H! (ICS auto power) results in many plant
components, including the FW control valves, automatically transferring
to manual control and remaining in position. If the plant was in steady
state operation prior to the auto power, an automatic reactor trip may
not occur in the short term. However, other effects of the loss of auto
power such as the generation of many spurious control room alarms, may
induce the operator to trip the reactor manually. Once the reactor is
tripped, the 5Gs will be initially overfed. The operator has the option
of manually controlling the FW control valves or tripping the FW pumps.
Furthermore, a reactor trip from a high power level may result in an
automatic trip of the MFW pumps on low suction pressure unless the
operator rapidly throttles MFW, The FW pumps will be tripped
automatically on high steam generator level if the level is not
controlled manually. As noted in Tables 3.7 and 3.8, if the loss of
auto power occurred following a turbine/reactor trip transient, the
turbine bypass valves would be open. In such a case, the loss of auto
power will transfer the turbine bypass valves to manual control while
they are open, resulting initially in a combined SG depressurization and
SG overfeed transient. The operator can manually control both the
turbine bypass and the FW control valves., If required to control SG
level, the operator may trip the MFW pumps and verify the automatic
initiation and control of EFW.

In addition to condensate and fecdwater system failures which directly
result in overfeeding the SGs, a number of faflures could combine with
other failures to increase the severity of a transient,

Of the failures listed, possibly the most significant is the failure of
the automatic high SG level MFW pump trip. This failure (Item 3), in
combination with SG overfeed failures (Items 1 and 2), could result in
the introduction of significant quantities of water into the steam lines
unless the overfeed is manually terminated by the operator. The effects
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of SC overfill include, in addition to the potentially increased
severity of RCS overcooling, possible damage to the main steam safety
and turbine bypass valves, as well as significantly increas<d stresses
on the main steam lines and their supports. Although the =ffects of
increased stresses, possibly intensified by the opening znd closing of
turbine bypass or safety valves, have not been evaluatei in detail, the
conditional probability of consequential steam line fzilure would be
increased,

Trip of the four RC pumps has been listed as a contributing failure
(Item 4), Following a trip of the four pumps, control of the startup
FW valves transfers to the operate range level transmitters at a 20-ft
SG level set point. This action alone may produce some degree of RCS
overcooling. However, the increased level 1s required to promote
natural circulation in the RCS, and the rate of increase in SG level
would be less rapid than following transients initiated by the MFW
valves failing open or failing to close. If the selected operate range
level transmitter on either SC were in a failed low state, the FW

flow rate to the affected SG would continue beyond the 20-ft level

set point and the automatic SG high level FW pump trip would be
defeated.

Other contributing failures include failure of the MFW block valves
(Item 5) and failures potentially resulting in exceeding FW chemistry
specifications. Adverse FW chemistry could contribute to long-term
degradation of SG tube integrity.

3.1.3 Failures Contrlbuting to Steam Generator Overfill

Two classes of SG overfeed have been considered: (1) those which are
associated with reactor and turbine trip and (2) those which are not.
Any overfeed that causes liquid water to enter the steam line is
considered an overfill, If water enters the steam line in sufficient
quantity and is accelerated to sufficient velocity, the integrity of the
steam line is threatened and additional serious hazards may arise.

Overfeeds not associated with reactor and turbine trip were studied in
depth using hybrid computer simulation. Power levels from 20 to 100%
and conditions corresponding to component fajilures in Classes D and E
(as defined in Appendix D.9.1) were examined, These calculations are
more fully described in Sect. 4 and Appendix C. The following
summarizes the results sufficiently for the purposes of this section.

1. Some overfeeds led to low-quality steam that would carry moisture
into the steam line, The quantities did not appear great enough to
threaten the integrity of the steam line, although the levels might
have been unacceptable for the turbine.

2. In each case the ICS brought the system to a new steady state or
approached one, In no case was the primary side overcooled to the
point that safety appeared threatened, although some of the
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transient and new steady state conditions may have been
unsatisfactory operating states,

3. Some of the cases probably would have induced reactor and turbine
trips had there been additional trip logic enabled in the
calculation. In particular, the cenditions reached in some cases
might have actuated a moisture separator turbine trip should such be
provided in the reheater section, or could lead to a reactor trip on
asymmetric power distribution. Such trips are not assumed in the
SAR.

The second class of SG overfill, events associated with reactor and
turbine trip, may in some events conceivably cause large quantities of
water to flow into the steam line. These important events are described
in Sects. 3.1.3.1 and 3.1.3.2.

A number of protective features are in the Oconee system to prevent the
flow of water into the steam line:

1. 1ICS actions to adjust power level and secondary flow.

2. High level override signal, also in the ICS, which causes control to
shift from demand to level control when the high level (85% of
operate level range) has been reached.

3. Blocking valve which begins to close when the startup valve goes 50%
closed (ICS actions).

b, High level MFW pump trip whose circuitry is considered external to
the ICS and which i{s actuated when the operating level sensors
register 90% of their range.

5. The operator may trip the MFW pumps to terminate the overfeed if he
is aware of what is happening. However, the transients of concern
are fast moving. We have therefore assumed no operator
intervention,

We here consider failures that lead to overfill in a single SG, and
which are much more likely to occur than failures affecting both SGs,
Moreover, certain protective tr ' ps on the MFW pumps would affect only a
single pump in a single SG overfill., In such cases the single SG
overfill is the more dangerous.

Even with protective features 2, 3, and U defeated, the ICS appears to
be able to maintain sufficient balance between power and secondary flow
to limit water entry into the steam line to wet steam. However, as an
overfeed caused by failures of features 2, 3, and 4 plus an initiating
event develops, there will be accompanying upset conditions which can
lead to reactor and turbine trips. Reactor trip causes turbine trip;
turbine trip causes reactor trip; both will occur almost simultaneocusly.



. et b

u8

We have found only one failure that defeats all protective features 1
through 4: the Class F failure described in Appendix B.5. Actually,
this event dces not defeat feature 4 (high level MFW pump trip).
Instead, it causes the transient to continue under the head produced by
the AFW after the MFW pump trip has occurred. As such, it is a somewhat
more slowly developing transient. providing more time for operator
intervention and less momentum into the steam line.

We will restrict consideration to the more dangerous case, in which the
overfill occurs in a single SC driven by maximum allowed flow. As
indicated, we have found no case where this might be brought on by a
single failure. However, there are possible classes of failures such
that one may occur and be present and undetected for an extended period
of time; during that time the occurrence of a failure of one more
component of an appropriate class can bring on overfill of one SG with
water entering its steam line at maximum velocity.

The following two subsections deal with this scenario.

3.1.3.1 Water in the Steam Line. We have developed several ways of
causing significant quantities of water to enter the steam line rapidly
from a single SG. A Type A failure (one that disables both the MFW pump
trip and the ICS high level signal limiting features) along with a

Type D failure (an ICS fajlure that causes more FW demand than is
necessary) will produce an overfill. The Type A failure can go
undetected, but the operator should become aware of it fairly soon {f it
produces incorrect operation over the whole operating range. However,
if the effects are confined to the high level end of the operating
range, as they might be for certain kinds of pressure transducer or
electronic loglc module failures, the failed state could continue
undetected for long periods ¢f time.

Another compound failure mechanism combines a failure that places the
high level MFW pump trip in an undetected failed state (Type B) and a
subsequent failure that causes the low level sensing system to read low
(Type C). Any one of several relays could fail in such a way as to
leave the high level MFW pump trip disaoled and undetected (see

Sect, 3.2).

A single failure of the low SG pressure tap, its sense line, or the
valve packing in its sense line can produce a condition that leads to SC
overfill (Type F). Although the MFW pump trip remains operational in
this case, the faillure causes the EFW to continue to overfill following
the pump trip (see Appendix B.5). This failure scenario is less
threatening than the preceding two because it proceeds more slowly and
imparts the momentum of the water to the steam line at a lower rate.

We next assume that an overfill has occurred in SGC A as a result of one
¢f the two preceding scenarios. Both MFW pumps increase to maximum
speed because the pressure drop across control valve A i{s low. The
overfeed of S5C A then causes the secondary flow and inventory in SG A to
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increase while the outflowing steam temperature drops into the
saturation region and the quality drops below one. The ICS, responding
to the Increased flow, calls for less flow, causing MFW B control valve
to begin closing, but this closure has no effect on A because of the
postulated fallure. The net secondary flow increases, leading to a drop
in core average temperature and a subsequent increase in power by the
ICS in its attempt to compensate for this. These effects are
demonstrated by calculations whose results are presented in Sect. 4 and
Appendix C, showing the course of such an event without a turbine trip.

Steam from A and 8 mix in the turbine header, but since the mass flowing
from A {s much greater than the mass flowing from B, the net effect is

a4 reductlon in the quality of the total flow. With an assumed trip

at .98 quality (main turbine manufacturer's specification), according to
our calculations the turbine trips about 6.5 min into the transient.
This causes closure of the turbine stop valves, reactor trip, and
transfer of MFW pump turbine steam feed from the low-pressure turbine
tap to the respective steam lines. (Trips could also arise from
asymmetric cooling of the reactor core,)

Flow in the steam system is essentially stopped by the closure of the
turbine stop valves. During this period of interrupted flow, which
should contirue until pressure builds to the point that a relief valve
opens, phase separation should occur in the steam lines with the liquid
draining into the lower regiona of the SG.

Following reactor trip, the MFW pumps should initially slow down on a
fast-acting, reduced-demand signal, However, the differential pressure
across the SG A failed open MFW control valve will continue to generate
an error signal whose integral soon dominates the demand signal and
returns the MFW pump turbines to maximum speed. The diminished flow
demand has no effect on the failed SG A control valve, but causes the
SG B control valve to close further. The B control valve will remain
open by ar. amount sufficient to satisfy the low-level set point
constraint i{n SC B,

When the MFW pumps are operated at high speed with B control valve
stopped down considerably, A control valve failed open, and the MFW
high-level pump trip in an undetected failed state, the A steam line
will be pressurized enough for one or more relief valves to open,
thereby allowing significant flow and a relatively large amount of
liquid to enter the line., As the steam quality deteriorates, MFW pump
turbine A may trip. This can come about when excess liquid in the
turbine intake causes excessive vibration or thrust, thus activating
manufacturer-installed trips designed to protect the turbine against
mechanical streass. In the absence of trips, the A pump turbine may fail
a3 a result of excess liquid intake, or it may continue to function at
normal or reduced efficlency. Regardiess of which of these alternatives
prevails at the A pump turbine, the B pump turbine and steam line should
continue in good operating order. Ample pumping power is therefore
avallable to continue the rapid overfeed of 30 A.
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This overfeed appears to require manual trip of the MFW pumps to avoid
further damage. The Babcock & Wilcox "Abnormal Transient Operating
Guidelinesa"'? instruct the operator to trip the MFW pumps manually on
suspicion of MFW overfeed, An alert operator following the existing
procedures could therefore terminate this event. Note, however, that
the event does develop quite rapidly.

Some of the hybrid computer calculations suggest that with a fully open
control valve in the failed section, there would be a low suction
pressure trip of the MFW pumps. The outcome of these calculations are
eritically dependent upon certain possibly unrealistic assumptions about
control valve and MFW pump characteristics. The calculations in
question introduce at most a borderline uncertainty for some of the
cases,

The overfill scenario leads to very substantial water ingress to the
steam line, 1If this water enters the steam line at a high flow rate, it
will impart significant momentum to the steam line. Consideration was
not limited to obvious high damage but perhaps relatively low
probability events such as water hammer. Any significant transfer of
momentum from the water to the steam line can produce a swaying or other
motion of the steam line, which will stress its supports. If a
sufficient number of supports fail, the steam line could deform or
collapse with a prusumably high probability of rupture, Such an event
occurred at the Beznau (Switzerland) PWR in July 1969.'® Damage to
equipment and line supports was extensive, although line rupture did not
occur, Though steam lines differ in geometry, design, and materials,
the Beznau event demonstrated that the postulated phenomenon can occur
in a steam line with great force and cause great damage. Since steam
lines are not qualified for this environment, prudence would suggest
that line rupture should be assumed to be highly probable given a
massive, continuing water ingress.

Steam line rupture without complications is analyzed in the FSAR, and
the consequences are found to be acceptable, The next section will
discuss why in the case just examined FSAR calculations do not seem to
bound the possibilities of SG tube damage.

3.1,3.2 Possible Steam Generator Tube Rupture, Chapter 15,13 of the
Oconee-1 FSAR considers a main steam line break and explores the
possibility of resulting SC tube rupture. The mechanism for tube
rupture would be increased tensile stress on the 57 tubes as a result

of severe differential contraction of the SG tubes and their massive
shell-support structures in a SG blowdown, In such a situation there is
a potential for multiple as well as single-tube rupture., The FSAR
conclusion states that no significant expectation of 3G tube rupture
would result from a main steam line break.

We believe the FSAR conclusions are not applicable to the scenario
described in the preceding subsection for the following reasons:
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summary of potentially adverse control system failures i{s presented in
Table 3.9. The accidents analyzed in FSAR Chapter 15 and the potential
impact of control system fajilures are discussed below.

The Chapter 15 transients fell into three categories: miscellaneous
nonreactor acclidents, accidents terminated by reactor trip, and
accidents exhibiting significant post-trip transient behavior.
Accidents assigned to these categories are listed in Appendix

Tables A.12, A.13, and A.14,

Waste gas decay tank rupture and fuel handling accidents (Appendix
Table A.12) involve the release of radiocactivity to the auxiliary
building and then to the e¢nvironment from the auxiliary building vents.
Control system mitigation of these transients was not identified in the
analyses described in the FSAR.

Six of the accidents listed involve a core reactivity excursion
terminated by reactor trip. These accidents are listed in Appendix
Table A.13. In each case, the accident is detected by the reactor
protective system (RPS), which initiates reactor trip. Once trip
occurs, a normal hot shutdown condition will result. Although control
system failures could affect the hot shutdown, their impact would not be
significantly different had the design basis accident not occurred,.

Appendix Table A.14 lists the design basis accidents exhibiting
significant post-trip transient behavior. These accidents and the
potential impacts of control system failures are discussed below.

3.1.4.1 Loss-of Cooclant Accidents. Loss-of-coolant accidents (LOCAs)
involve the uncontrolled release of reactor coolant from the RCS. This
class of accident is discussed in FSAR Sects. 15.14, Loss of Coolant
Accidents; 15.9, Steam Generator Tube Rupture Accident; 15.12, Rod
Ejection Accident; 15.15, Maximum Hypothetical Accident; and 15,16, Post
Accident Hydrogen Control.

Following the release of coolant, the core achieves a suberitical
condition due to reactor trip, vaporization of the coolant in the core
region, and injection of boric acid. Heat transfer from the subcritical
core is maintained by pool boiling, ~ith the coolant inventory in the
reactor vessel maintained by high-pressure injection, low-pressure
injection, and core flood safety systems,

Following large LOCAs, the RCS will depressurize rapidly and the
accident will be mitigated solely by safety systems. Small-break LOCAs,
however, may require SG heat transfer to aid RCS depressurization. In
the Oconee design, following the LOCA-induced reactor trip the ICS
regulates the flow of MFW to maintain a level of approximately 2 ft in
each SG. This level will be maintained until the reactor coolant pumps
(RCPs) are tripped manually following actuation of an engineered safety
features actuation system (ESFAS). Upon RCS trip, the ICS modifies the
level set point to maintain a 20-ft level in each SG.
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system failures

Summary of potentially adverse control

FSAR Accident

Control fystem Failure

Potential Effect

Loss of Coolant
Accident (Small
Break/5C Tube
Fupture)

Stvsim Line Break

Leas of Coolant Flow

s of A1l AC

o

(o]

©

Main feedwater control
valves fail to maintaian
SG level.

Turbine typass valves
fall to cpen.

PORV fails to cpen.

Turbine fails to trip.

Turbine typass valves
fail open or fail to
close,

Main fecdwater control
valves fail to clcse,

Main feedwater control
valves fall to mzintaln
5C level.

Turtine bypass valves
fall open or fail to
close,

Operator required to
manually initiate
epergency feedwater,
Fatlure to provide
feedwater has an
adverse affect on RCS
depressurization.

Increased duration of
resctor coolant flow
threcugh a ruptured
steam generator tube,

Tncreased duration of
reactor coolant flow
through a ruptured
steam gererator tube,

Double 5G blcwdown
until manually
termirated,

Couble SC blowdown
until manually
terminated.

Moure scvere RCS
cooldown and
depressurization,

Operator required to
ranually infti{ate
srergency feedwater,
Failure to mairtain
adequate level
adversely impacts
ratural circulation,

Fressurizer ray drain
pessibly {mpacting
nztural circulation.

e —— e ———— e . el
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Two ICS/MFW contrcl valve failure modes may affect the mitigation of the
small break LOCA: failure to initially maintain the 2-ft SG levels, and
failure to transfer to the EFW nozzles and maintain 20-ft levels after
the RC pumps are tripped. Manual initiation of EFW, a safety system,
would ensure that SC levels are maintained.

The effects of the identified ICS failures, although adverse, are not
expected to be large compared with the effects of other (additional)
assumptions mandated for the LOCA evaluation model. Failure of a high-
pressure injection train and conservative increases in core decay heat
generation rates (currently being modified) would have greater impact.

The "Maximum Hypothetical Accident" and "Post-Accident Hydrogen Control"
sections of the FSAR address post-LOCA containment conditions and do not
involve control system interactions with the events described.

The rod ejection accident is failure of a control rod drive pressure
boundary, which results in a control rod being rapidly removed from the
core, increasing reactivity and creating a small-break LOCA. T1e core
»eactivity transient. is terminated by reactor trip. Once the core is
subcritical, the transient is similar to a small-break LOCA as discussed
above.

The steam generator tube rupture accident is a small-break LOCA that
results in release of reactor coclant to the environment via the SGs and
main steam safety valves and/or main condenser, Mitigation of the tube
rupture aceident involves a manually initiated rapid cooldown and
depressurization of the RCS to minimize the flow of reactor coolant from
the RLS thrcough the ruptured SC tube.

Cooldown and depressurization of the RCS requires the operation of
control systems. The primary supply of FW to the SGs {s provided by the
MFW system. FW can be supplied by the EFW (safety) system through
automatic actuation in most cases and manual a~tuation in all cases.

Isolation of the affected SG and regulation of main steam pressure
requires turbine trip and control of the turbine bypass valves. Turbine
trip is initiated by auxiliary relays and contacts located in the
control rod drive control system (CRDCS). Although the turbine trip
relays and contacts are redundant (a single failed relay or contact will
not i{nitiate or prevent a turbine trip signal), it is not known whether
they are designed and tested as a safety system. Unless tested
regularly, one or more of these devices may be in a failed state without
detection following successful turbine trips.

Cooldown of the RCS requires the use of the nonsafety turbine bypass
valves and the condenser and associated condenser support systems
(principally the condenser circulating water system). Although steam
may be released to the atmosphere via the manual steam dump valves, the
use of these valves is expected to delay the cooldown significantly.
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The required depreasurization of the HCS following a tube rupture can be
accomplished using the pressurizer spray valve (if the RC pumps are not
tripped) or the pressurizer PORV. In the Oconee design, opening the
PORV or the spray valve is considered a nonsafety function.

In summary, the normal operation of several control systems has been
assumed in the mitigation of small LOCAs. Although failure of one or
more of these control systems is not expected to have a significant
effect on core integrity, it could affect the probability and extent of
a consequent offsite radionuclide release following SGC tube rupture.
Quantification of such releases (s beyond the scope of the simulation
used in this study.

3.1.u:2 Steam Line Break Accident. The steam line break accident
involves a postulated failure of a steam line that results in very rapid
cooldown of the RCS. Of stated concern in the FSAR were the potentials
for core criticality to impede continued core cooling and for a SG tube
rupture to be caused by the steam line break.

Mitigation of the steam line break requires a reactor trip, a turbine
trip to isolate one of the two SGs from the break, isolation of

FW to the depressurized SG, anda controlled injection of FW to the
pressurized SG. The analyses of steam line breaks presented in the FSAR
cover three postulated operating modes of the ICS and plant operator
control of the MFW:

1. The ICS initially throttles MFW flow, and the operator prevents the
ICS from automatically reopening the control valves.

2. The ICS initially throttles MFW, but the operator allows the ICS to
reopen the control valves in order to maintain minimum SG level,

3. The ICS and the operator fail to throttle FW flow.

In all three cases considered, automatic turbine trip and proper ICS
control of the TBV are assumed. Assumptions concerning EFW operation
were not clearly specified., (Significant 3G depressurization is
expected to result In an automatic trip of the MFW pumps and automatic
initiation of EFW. Main feedwater flow to the depressurized 5G could
continue due to the continued operation of the condensate and condensate
booster pumps.)

Analysis results in the FSAR show that the core could return to 35% of
rated power for case 2 (the worst case), and unacceptable fuel damage
was not reported. Although adverse failure of control systems assumed
to operate manually in these analyses could increase the severity of the
reactivity insertion through RCS cooldown, the impact on core response
would be mitigated by increased boric acid injection, Furthermore, each
of the core responses presented assume the highest reactivity control
rod falled to insert--a very oconservative assumption.
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Reactor building pressure responses tc a steam line break as presented
in the FS5AR indicate that the building design pressure is not exceeded
in any of the FW control failures considered. Additional adverse
control system failures were not identified.

An analysis of the effect of the break on the S tubes was presented in
the FSAR. It is not clear that the analysis assumptions bound the
worat-case RCS cooldown, since adverse control system failures could
increase the potential for consequential damage of the S5G tubes
following a steam line break.

Although consequential tube rupture was not predicted, the FSAR presents
the results of an analysis of the environmental consequences of 1, 3,
and 10 SC tube ruptures coincident with a steam line break. The results
were found to be acceptable. (The details of this analysis have been
presented in cited FSAR references which have not been reviewed.)

3.1.4.3 Loss of Coolant Flow Accidents. Loss of coolant flow

transients involve a reduction in the coolant flow rate through the

core, resulting in inadequate heat transfer for the existing power level,
These accidents are mitigated by reactor trip followed by control

actions required to maintain post-trip core flow.

Loss of flow accident: such as a trip of less than four RC pumps,
reduction in grid frequency, or a "locked rotor" are mitigated by
reactor trip with otherwise normal post-trip conditions. Trip of four

RC pumps requires that tne ICS transfer the SG level to a 20-ft set
point (assuming the MFW pumps are operating). This increased level is
required to establish and maintain natural (convective, circulation of
the reactor coolant.

Failure of the ICS to maintain the increased SC levels would require
manual initiation of EFW.

3.1.4.4 Loss of Electrical Power Accidents. Two cases of loss of
electric power are addressed in Chapter 15 of the FSAR, and additional
results of loss of electric power analyses are addressed in Chapter 10.

One case addressed in Chapter 15 was separation of the unit generator
from the grid with a successful turbine runback, Although this
transient requires significan. control system response, its
categorization as an accident is questionable., The conditions in the
RCS did not require reactor or turbine trip, and the case represents a
limiting operational transient with piant power being supplied from the
unit generator,

Fallure of control systems during this transient could result in a
reactor and turbine trip and could deenergize the ac electric power
busea. This transient is mitigated by automatic reactor trip and
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automatic initiation of the EFW and emergency ac power systems. This
transient was discussed briefly in Chapter 10 of the FSAR.

The limiting case of loss of ac power addressed in Cna cer 15 consisted
of separation from the , id, reactor and turbine trip, and a postulated
failure of emergency ac power sources. 1Tnis transient, as above, is
mitigated by reactor trip and the EFW system,

The transients involving loss of MFW induced by ac power failure
discussed above can be affected by failures in the turbine bypass and
the letdown system. Following either transient, the steam line pressure
is initially maintained by the ICS-controlled turbine bypass valves
(TBV). If these valves fail to open, the pressure control function is
provided by the main steam safety valves,

For the loss of power case with successful start of emergency ac power
sources, failure of the TBV to properly close or to open results in an
RCS cooldown transient. Depressurization to 1500 psi will result in
automatic high-pressure safety injection. The open TBV can be isolated
by the operator., (It should be noted that loss of coolant water to the
condensers results in the TBV being interlocked closed. This is a
control system action used to prevent overpressurizing the condensers.)

The case of limiting loss of al. ac power results in establishing
natural circulation in the RCS by automatically initiating and
controlling EFW. As above, failure of the TBV in an open position will
result in an RCS cooldown transieat. For this case, the TBV isolation
valves carnot be closed from the control room due to loss of ac power.
dowever, the loss of power deenergizes the instrument air compressors,
resulting in the TBV clousing.

The normal makeup flow to the RCS will stop; however, letdown will
continue initially. Letdown can be isolated manually or automatically
by the loss of instrument air pressure or containment isolation signals
if the RCS depressurizes to 1500 psi.

The possible initial RCS cooldown and/or loss of reactor coolant via the
letdown line may result in the pressurizer draining., The effect of the
pressurizer draining on natural circulation could be adverse but would
be countered by the initiation of HPI,

3.2 ESTIMATED FPEQUENCY OF SELECTED FAILURE SEQUENCES

In Sect. 3.1, several control system failures were identified tnat could
cause or contribute to the following failure modes: SGC overfill, RCS
overcooling, inadequate core cooliig, or recovery from design basis
accident., Of these, those fallures resulting in rapid SG overfill or
total loas of SG cooling have been selected as fallures with potentially
high safety consequences, To evaluate the potential significance of
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these failures and failure sequences, their frequencies of occurrence at
the three Oconee nuclear plants have been estimated.

3.2.1 Estimated Frequency of Steam Generator Overfill

The potential for overfilling a SG with FW has been identified as a
transient of concern for the Oconee Nuclear Station. The estimated
frequency of this transient has been estimated to be between 0.006 and
0.00' overfill transients per year. The methodology for this
calculation is discussed in th.. section,

The sequences of events leading tc SG overfill are depicted in event
tree format in Fig. 3.1. Although not depicted in the figure, the
significance of the SC overfill transient is expected to be the
potential for contributing to subsequent failure of the steam lines and
SG tubes. Other possible effects include consequential damage to the
high-pressure main turbine and damage to the MFW or EFW pump turbine
drivers, However, given SG overfill, the conditional probability of
these cannot be estimated without significant analyses of the physical
response of the steam lines and their supports to SG overfill. The
conditional probabilities of subsequent damage would be required to
evaluate the frequency of ultimate plant damage.

SGC overfill is defined for purposes of this calculation as an
uncontrolled addition of MFW to either SG, resulting in the addition of
liquid to the steam lines. In the Oconee design, SG overfill resulting
from failures in the MFW system requires a failure in the MFW control
valves or instrumentation that results in overfeeding one of the two

3Gs (MFW overfeed), a concurrent failure of the MFW pump to trip on high
8G (“operate range") lev~l, and failure of the operator to detect and
manually trip the MFW pumps or (solate the ¥W line. These three
contributors to SG overfill are shown in fault tree format in

Fig. 3.2.

3.2.1.) Frequency of Main Feedwater Overfeed. The occurrence of MFW

overfeed has been identified in Fig. 3.2 as a necessary condition for 3G

overfill. The component failure combinations leading to MFW overfeed

are identified in Fig. 3.3. As shown, MFW cverfead may be caused by

either startup (SU) feedwater flow path valve or either MFW flow path

failing open., In either case it has been assumed that one of the

control valves will fail to close following a reactor trip or fail open,

resulting in a reactor trip, and that the block valves in each flow path

are not closed, This condition results In the supply of FW exceeding

demand and an increasing SC level. |

Failure rates are calculated on the basis of a single SG overfeed,
Although »verfeeding both SGs {8 posszible, the {requency is lower and
the conditional probability is higher that the 3C high level
instrumentation will succesasfully trip the pumps.
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Automatic high S” levul MFW pump trip Transient

terninated

SC overfeed _J Operalor trips pumps manually Transient
(0. 144/y) terminated

| Auto irip fails _J
(0.0 ~.'demand)

Manual trip fails SC overfill
(0.7 to 0.01/demand) (0 006 to 0.001/y)

Fig. 3.1. Event tree of Ocone: si.eam generator overfill sequences,

The probability that a 6-in. SU valve will faii in an open position and
potentially result in SG overfeed must include consideration of the
operator isolating the affected flow path. As shown in Fig. 3.3, given
a failed open startup valve, the operator could terminate the flow to
the affected SG by closing either of the two motor-operated isolation
valves on the affected startup valve. Available informatiorn on
operating experience indicates that operators will intervene manually to
control MFW flow rate prior to reaching the high SG level MFW pump trip
set point. Since 10 min or more (depending on the core res‘duai heat
generation rate) is available prior to eaching MFW pump trip, a
probability of fajilure to isolate of 0.01 per démand has been as3signed
to this operator action based on the methodology described in

Sect., 3.2.1.3. It should be noted that tinis operator action is separate
from a manual trip of the MFW pumps.

As shown in Fig. 3.3, the failures resulting in a SU valve failing open
and affecting the puap trip circuit ar: separated from other failures
affecting only the valve position. The SU valve is controlled by the
"operate range" level trunsmitters following a trip of the four RC pumps.
Although an RC pump trip initiator, of itself, is expected to occur very
infrequently without a lose of the external grid (which would result in
trip of the feedwate: pumps), the operator is required to trip the RC
pumps manually following an ESFAS trip. Thus, failure of a SU valve
resulting from a pre-existing operate range level transmitter failure is
calculated based on the ESFAS trip frequency (3 trips per 18 reactor
years'") and transmitter/ multiplier module failure rates. This yields
a SU valve failure frequency of 0,004/y for this fuéllure mode. However,
since this failure also disables the avt~=~*i- . ~-: trip circuit, its
contribution to SG overfeed is greater than that of other startup valve
failure initiators.
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Other failures resulting {n SU valve faiiure include control
instrumentation module faflures, fallure of the valve, and transfer of
the valve to manual control. Module failure rates were based on the
number of operational amplifiers per module and the IEEE-500'%
operational amplifier faliure rate, The operational amplifier count was
based on B20 Series modules which, except for power supply, are belleved
to be similar in configuration to the QOconee 721 Series modules., This
methodelogy produced reasonable estimates when compared Lo available
observad ICS component fallure data. The module count for an 820 Series
ICS and the calculated module failure rates are shown in Table .10,

The sum of these fallure rates i(s 1,04 module fallures/ICS/y, B&NW
topical report BAW-1564'® 1ists 30 module failures per 19 calendar
reactor years, which corroboratea the estimate well,

The failure rate of the SU vaive i{tself was based on historical nuelear
plant pneumatic valve experience'’ and Oconee rsactor trip frequengy .
The estimated frequency of the SU valve belng placed in manual @ontrol
(0.1/y) is based on engineering judgment and specifically considers the
fact that transfer of the s'artup valve to manuai eannot affect reactor
performance until the reactor {s tripped or shut down. A combined
frequency of 0.15 SU valve failures per year was estimasted for these
failure modes.

As noted above, startup valve fallure is considered an overfeed only if
the high level tri{p circuit is challenged. The startup valve-~induced
overfeed rate is calculated as theé product of the startup valve failure
rate and the conditional prcbability that the operator will fail to
isolate prior to high level trip challenge. This yields a frequency of
0.002 startup valve-induced overfeeds psr year.

SG overfeeds due to faliure open of the MFW flow path oeccur rapidiy, in
contrast to these induced by the SU valve. Since MFW valve overfeeds
will challenge the high level trip in approximately ! or 2 min, manual
isclation prior tc challenging the automatic high level pump Lrip has
been ignored. However, a MFW blcock valve in the MFW flow path will be
closed automatically once the S!l econtrol valve i{s 50% closed., It has
been assumed that automatic closure of the block valve would prevent SG
overfili, regardless of whether the MFW pumps sre tripped,

As shown in Fig. 3.3, MFW overfeed can occur due te (1) indepengent
failures of the MFW contrcl valve and the MFW tlock valve to close,

(2) instrument failures affecting hoth the MFW and SU control valves,
and (3) tallures affecting the MFW flow path and the MFW pump trip
circuit. Fajiure of the block valve to clese may occur due to failures
of the valve itself or its control circuitry, or failure of the startup
valve to close. Since these fajlures are of importance only Tollowing a
MFW control valve failure, the2ir failure probability has been reduced by
half to account Tor an assumed yearly test interval. The fregquency of
the MFW control valve failing open or failing to olose was based on
failures only affecting MFW control valve pesition. Such fallures
include MFW valve fallure, manualliy placing the MFW valve in marual, and
ICS control circuit failures not affecting 3U valve position.
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A number of ICS module failures affect both the MFW and SU control
valves, These module failures include portions of the ICS MFW demand
¢ircuit downstream of the maximum SG level circuit and the minimum SG
level circuit.

The ICS control circuit failure probabilities were based on the module
failure rates of Table 3.10 and IEEE-500,'® and the valve failure
probabilities were based on the data of NUREG/CR-3154.'7 The
probability of the MFW and SU control valves being placed in manual
control has been estimated to be 0.01 and 0.1/y respectively. These
estimates were based on engineering judgment. One ICS power supply
failure was found to contribute to failure of the minimum SG level
eircuit, selected branch circuit HEX or HEY., The failure rate of the
branch circuit was estimated to be 0,009/y based on the failure of one
of five ICS power supply branch circuits on a 23-ry experience base.'®

The last main control valve failure mode considered affects the

FW pump trip circuit in addition to the control valve. The ICS

FW flow control circuits are designed to be limited (intercepted) by the
maximum SG level signal based on operate range SG level transmitters.

If the selected operate range level signal is failed when any of a
nunber of ICS modules fail, thereby producing a high FW demand signal,
an overfill transient not terminated by the automatic pump trip will
occur, The frequency of the high level circuit failure has been
separated into the failures that affect the pump trip and the balance of
the module failures that do not. (These failures contribute to MFW
overfeed but not to combined overfeed/pump trip failure). The ICS
module failures (upstream of the high level auctioneer module) that
could cause high FW demand are numerous, and no attempt has been made to
individually quantify the individual module failure combinations. Based
on engineering jucgment, these failures have been estimated to occur
with a frequency of approximately 0.1/y, which is not inconsistent with
ICS operating experience., Combining these failure probabilities yields
0.002 failures/SG/y that affect both the MFW flow path and high level
pump trip circuit, and 0.07 failures/SG/y that affect only the MFW

flow path.

The calculated frequency of significant overfeed transients for Oconee
was 0.072 overfeeds/SG/y, which appears to be in excellent agreement
with Oconee operations data. The Duke PTS evaluation report'® describes
16 overcooling transients that occurred at the three Oconee units over a
23-ry span. Of these, five were found to be significant overfeed
transients of the type of interest in this program (Events 5, 6, 7, 14,
and 15). Two additional transients were considered marginal and were
not selected (Events 11 and 13). None of these events could be
fdentified as a startup valve-induced overfeed. From these data, a mean
frequency of 0,22 overfeeds/ry cor 0.11 overfeeds/SG/ry can be estimated
assuming single SG overfeeds in the five events., The 5 to 95%
chi-squared limits are 0,01 to 0.2 overfeeds/SG/ry.

In their PTS report, Duke Power Company estimated overfeed frequency
(including overfeed initiators and failure to runback) at 0,29/ry or
0.15/8G/ry, again assuming single SG overfeeds.
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It should be noted that the estimates, while valid for Oconee, may not
apply to the general population of PWRs, as the generic PWR experience
is not necessarily applicable to the unique Oconee design. However, in
NUREG/CR-2789,2%° the "corrected" overfeed/cold FW transient was
estimated to occur with a frequency of 0.161 events/ry for the general
population of PWRs.

3.2.1.2 Automatic High Level Feedwater Pump Trip Failure. In the
Oconee design, an indicated high SG level detected by both "operate
range" level transmitters on either SG will initiate a trip of both MFW
pumps. The pump trip circuitry modeled in the fault tree (Fig. 3.1) has
been obtained from available Bailey Meter Co. ICS circuit diagrams?' and
Oconee circuit diagrams.?? The circuitry for each steam generator
consists of two level (AP) transmitters, each generating a signal
proportional to the pressure difference between the SG operate range
level taps. These two voltage signals are inverted in "function
generator” modules and corrected for the SG downcomer temperature in
"multiplication" modules, which generate temperature-corrected signals
for transmission to "signal monitor" modules. Each signal monitor
closes one set of contacts that activates an alarm and another set that
forms part of the FW pump-trip logic on indicated high level. The four
pump-trip contacts associated with the two SGs are arranged in a
parallel series array to energize a pump-trip relay upon closure of both
trip contacts associated with either SG., The trip relay activates trip
contacts for each MFW p'mp to open a solenoid valve and initiate pump
trip.

Assuming that an overfeed occurs and results in a high level in one of
the two SGs, the conditional probability that the pump-trip circuitry
will fail to initiate a pump trip has been cstimated. As shown on

Fig. 3.2, the pump-trip failure occurs if either of the two
transmitters, function generator modules, multiplication modules, signal
monitor modules, the pump-trip relay, or the pump-trip solenoid valves
fail. In addition, the trip will fail if the mechanical equipment
associated with either pump turbine inlet intercept valve fails to
respond to the depressurized hydraulic reservoir.

Transmitter and solenoid valve failure rates were estimated based on
IEEE-500 data. The module failure rates used are listed in Table 3.10.
The failure rates of the trip circuit components have been reduced by
50% to account for failure detection and repairs prior to an overfeed
transient. (The failure of the pump-trip circuit is of concern only if
the circuit is failed when the overfeed transient occurs. Basing the
conditional probability of failure on an assumed demand at one-half the
yearly test interval produces rezsonable estimates.,) In addition to the
failure probabilities listed for the trip circuitry, a failure
probability of 0,001/demand has been included to account for failure of
each of the intercept values for the MFW pump turbines.

Based on the model shown in Fig. 3.2 and described above, an estimate of
0.047 pump-trip circuit failures per demand has been obtained.
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Oconee experience indicates that the trip circuit has been chal.enged
six times without falling and has Deen tested, also without known
fallures. According Lo verbal information, the circuits on the three
Cconee units hawe been tescted yearly since 19748 without fallure, thus an
additional 30 challernges have occurred, Using the 50% chi-squared bdbound
to estimate the mean failure rate would yield 0.02 failures per demand,
The use of ihis estimating technigue implies that if the actuil faiiure
rate were constant and egual to 0.02, there would be an equally likely
chance of having zero failures or 1 or more fallures in the 3% demands.
The circuit faillure rate calculated from estimated compoment fallure
rates, 0.047 failures per demand, Ls a factor of 2 higher than the
"chi-squared” estimate.

Duke Power Company, in their PTS report, estimated the fajilure rate of
the trip circuit %o be 0.005/demand. Although this value ia comsistent
Wwith zero observed failures in 36 demands, it is lower than would be
expected with the known ICS module failures. The 30 module fallures in
19 ry and an assumed 179 modules/ICS yields an "average" module failure
rate of 8.8 x 10”* failures/module/y. With six ICS type medules/trip
circuit and yeariy testing, the module conteitution to trip circuit
failure would be 0,026/demand, which {tself is higher than the Duke
Power estimate of £.005. (The module failure contribution, using the
more detailed module faliure rate estimates shown in Table 3.10, was
0.027/demand. )

Based on the above, the calculated trip circuit failure rate of
0.047/demand is considered reasonavie, although it may be somewhat
conservative compared with the test results.

3.2.1.3 Manual Feedwater Pump Trip Failure. Following an assumeq
overfeed and fallure of the automatic trip wircuit, the gperator is
expected to trip the MFW pumps manually or isolate FW.

Estimating the reliabvility of control room operators, especially in
brief time frames, is uncertain, Some assessments suzgest a "general
error rate [of 0.2 te 0.3/demand] giwen very high stress levels {but not
extremely high levels) where dangerous activities are occurring
rapicly.®?*+2% 1In the Oconee PRA,*® Duke Fower Company assumed that
operator failures had a probability of 1.C in the 0- teo 1-min time frame.
The pi obability of twne operator failing to trip the FW pumps manually
following an overfeed transient was estimated to be 0.05/demand in the
Oconee /TS evaluation, For purposes of this analysis, a correlation
relating the failure rate of a team of operators as a function of
available time has been used.**

According to the caleulations presented in the Duke PTS report, the

SG MFW pump-trip level will be reached 3€ s after a reactor trip from
full power if one of the MFW control valves fail tc close. If the high
level trip fails, the steam generator will completely fill ("SG water
8011d™) in an additional 79 s. These caleculations provide a minimum
time for operator action. Additional time is expected for operator
action following less severe owerfeed transients.
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Cne of the transients listed in the Duke PTS report, Event 5, gave a
time of 220 3 to reach the SG high level pump trip. Extrapolating this
time Lo an overfill condition based on the above calculation suggests
that an additional 8 min would be required to fill the SG. This datum
indicates that overfeed transients (failure to runback) do occur at
rates considerably less than calculated maximum rates. The time to trip
the FW pumps for the other listed transients was not given.

The Event 14 overfeed transient description also indicates two
additicnal factors concerning operator response to overfeed transients.
First, the overfeed transient was recognized prior to automatic MFW pump
irip, and second, the operator attempted to throttle MFW flow until the
automatic trip occurred. For the other listed overfeed transients,
specific operator recognition or attempted throttliiig was not described.
A manual MFW pump trip, however, did not occur for any of the listed
transients. From this information, some credit for operator recognition
of an overfeed transient prior to reaching the high lev2l trip set point
ahould be given, However, the operators appear to be reluctant to
initiate MFW pump trip manually, at least prior to automatic trip
fallure.

Applying the operator failure/available time correlation to the maximum
overfeed rate case yields a probability of approximately 0.7 that
cperators will fail to terminate the overfeed transient, assuming that
the entire two min was available to the operators to perform this
function. This value is the approximate midpoint of a range of failure
probabilities from 0.3 to 0.95. For the time available in slower
overfeed transients as represented by the Event 5 data, the probabilitv
of failure to trip the pumps manually on demand drops to approximately
0.1 (in a range of probabilities from 0.6 to 0.02). 1In both cases, the
operators are assumed to be responding in a "cognitive mode" rather than
the more reliable "rule-based mode." This assumption was based on the
absence of manual MFW pump trips in the Oconee experience base.

The two operator failure probabilities calculated, 0.7 and 0.1,
represent a credible range for the failure probability. However,
without additional data on the expected time available for the operator
to trip the pumps manually, a point estimate cannot be calculated.

3.2.1.4 Summary of Results, The MFW overfeed transient has been
estimated to occur with a frequency of 0.072/8G/y (or 0.144/y). In
addition, 0.002 transients/SG/y were estimated for those transients
affecting both overfeed and the MFW pump trip.

As shown in Fig. 3.1, combining the estimated overfeed frequency with
the MFW pump-trip failure frequency and the estimated frequency of the
operator failing to trip the FW pumps manually yields a steam generator
overfill frequency estimate of 0,005 to 0.001 events/SG/y for rapid SG
overfill transients.
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3.2.2 Estimated Frequency of RCS Overcooling Events

In addition to SG overfill, ocher RCS overcooling failures not involving
SG overfill have been identified. The two events initially judged to de
significant were a failed open PORV and failure to trip the main turbine
following reactor trip.

A failed open PORV initially results in a LOCA; thus the initiating
failures should be considered in terms of frequency and consequence.
However, the FMEAs of the PORV and associated control circuitry did not
identify failures leading to an open PORV and simultaneously affecting
the systems and components required to mitigate the resulting transient.
In particular, the failures that opened the PORV did not affect the
ability to close the PORV isolation valve manually, maintain SG cooling,
or automatically initiate HPI.

Oconee operating experience indicates that the PORV failed open twice in
the 23-ry experience base'® and resulted in HPI actuation. One of these
failures resulted from a loss of instrumentation power. The PORV
control design has since been modified to close the valve on loss of
power, so this event is no longer applicable. The 0.04 failures/ry
(1/23 ry) estimate, however, is conservative due to the substantially
reduced number of PORV challenges following implementation of post-TMI
design changes. This, in combination with the expected manual closure
of the PORV isolation valve, would place the frequency of PORV failure-
induced LOCAs well below the NRC's small LOCA screening estimate of
0.01/ry. Consequently, the failures resulting in an open PORV are no
longer considered significant.

Failure to trip the turbine following reactor trip could result in a
significant cooldown of the RCS similar to a steam line break. This
transient was initially selected as significant due to the expected
difficulty in testing the turbine trip contacts in the control rod drive
control system (CRDCS).

The CRDCS contacts are arranged in a parallel-series configuration.
Therefore, periodic tests of the array (as contrasted to tests of
individual contacts) would not detect failures until the array is
degraded to a completely failed state. The probability of such a
failure would depend on the design life of these contacts relative to
the 40-y plant life or to a preventative maintenance replacement
interval.

However, even {f the trip contact array fails, two additional features
are expected to terminate the transient. First, the ICS will rapidly
throttle the turbine in an attempt to maintain turbine header steam
pressure, and second, the plant generator is expected to be separated
from the grid. (Separating the generator from the grid would result in
an overspeed trip of the turbine unless otherwise tripped or throttled.)

Although insufficient information is available to make an estimate of
the frequency of turbine trip failure, the combined failure rate of the



69

CRDCS contacts, the ICS runback, and the generator separation trip is
expected to be very low. The identified turbine trip failure is no
longer believed to be significant.

3.2.3 Estimated Frequency of Insufficient Core Cooling Events

Two failure events were identified as potentially significant initiators
of insufficient core cooling. Each was an ICS power supply branch
circuit fajilure that could result in a loss of MFW. These initiators
are of significance because MFW flow to the SGs can be lost without
tripping the MFW pumps or depressurizing the pump discharge piping.
Without these parameters, the EFW system in the Oconee design is not
initiated automatically, and the operator is required to initiate the
system manually. The insufficient core cooling sequences initiated by
these branch circuit failures are discussed below.

3.2.3.1 Loss of ICS Hand Power. A loss of ICS branch circuits HX or
H1X, assuming that panelboard KI remains otherwise energized, will
result in the MFW pump being runback to minimum speed and the turbine
bypass steam dump valves being closed. The reactor and turbine are
expected to trip on high RCS pressure. The sequences of interest
following this initiating event are depicted in Fig. 3.4.

Given the initiating power supply failure, SG inventory will begin to be
depleted. Due to the continued operation of the MFW pumps, neither the
low MFW pump discharge pressure nor the MFW pump-trip EFW initiation
signal is expected to start EFW operation. Thus, unless the operator
manually initiates EFW or recovers MFW, the 3G will boil dry and SG
cooling will be lost. With the loss of reactor coolant subcooling
margin, the operator is instructed to trip the RC pumps and initiate
HPI.

With the loss of SG cooling and tripped RC pumps, core residual heat is
expected to generate steam in the RCS which will cause filling of the
pressurizer and discharge of liquid through the PORV and/or pressurizer
safety valves. The depletion in reactor coolant inventory will affect
the ability to restore SG cooling. Information in the Oconee PRA
suggests that {f the operator restores MFW or initiates EFW within the
first 30 min, SG cooling can be restored. Initiating FW after 30 min is
ineffective,

Even if SG cooling is lost, the initiation of HPI will provide long-term
core cooling (i.e., hours). Based on the Oconee PRA, if the operator
initiates HPI within the first 60 min, a stable core cooling condition
will be established. If the operator fails to initiate HPI within this
time period (assuming SG cooling during the first 30 min), a core melt
sequence would be expected.

The frequency of the event sequence leading to core melt depends on the
expected frequency of the loss of hand power and the conditional
probability that the operator fails to restore 3G cooling or initiate
HPI. The frequency of a loss of hand power (branch HX or H1X) is
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EFW Initiated or MFW recovered in 30 min®* Transient
terminated
I1CS hand power fails HPI initiated in 60 min No safety
(0.009/y) consequences
SG cooling fajls**

(0.1/demand)

HPI fails Core melt
(0.01/demand) (9 = 107%/y)

*Minimum MFW pump speed assumed insufficient for continuous FW flow at SC pressure of
1050 psig.
®SEFW available: MFW can be recovered with difficulty, by operator action.

Fig. 3.4, Insufficient core cooling event tree: 1loss of ICS hand
power (Branches HX, H1X).

estimated to be 0.009/ry based on one observed event of a loss of one of
the five ICS power branch circuits {auto power) in 23 ry. Based c¢n the
circuit configuration, a loss of hand power (or another ICS power

branch) is expected to be as likely as the loss of auto power (branch H).
I.) the observed loss of auto power event, the power was restored in 30

to 45 s, The potential for recovery of the hand power and MFW is
considered in the recovery of SC cooling.

Given the initiating event, the operator is capable of initiating EFW or
restoring hand power manually. If hand power is restored, two
conditions are possible: MFW may be restored and controlled, or the MFW
pumps may trip during the power recovery transient, automatically
initiating EFW. Either is considered a success path.

Although the restoration of SC cooling could be straightforward, several
factors would tend to make the situation more difficult:

1. The hand power alarm may or may not indicate loss of the power
supply. Although a loss of hand power (branch HX) alarm is
indicated in the procedure for loss of panelboard KI, an alarm for
the subsidiary circuit H1X is not specified.?®

2. Several spurious alarms will actuate due to the power failure as
well as other properly responding alarms.
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3. Many RCS temperature indicators and recorders will fail low,
midscale, or as is.

4. The procedure for loss of FW?’ as well as the ATOG'? indicate that
EFW will be initiated automatically.

5. Operators are required to perform other actions such as initiating
HPI and tripping the RC pumps.

In the Oconee PRA, three probabilities for failing to recover SG cooling
were given: 0.5, 0.3 and 0.1. These probabilities correspond to one,
two, or three available secondary heat removal paths., Since it is
possible to initiate EFW flow to either SG (two paths) or restore hand
power (one path), this method suggests a failure probability of 0.1.

In addition to recovering SG cooling, the manual initiation of HPI will
result in successful core cooling. As indicated in the Oconee PRA, the
operator must initiate HPI within the first 60 min to be effective.

(The specific action the operator is instructed to take is aligning the
BWST to the HPI Pumps and throttling HPI flow with the pressurizer
full.?”) The Oconee PRA estimates the probability of failing to perform
this action to be 0,01,

It should be noted that the estimated failure probabilities given in the
Oconee PRA, although listed separately, considered interactions between

SG cooling and HPI initiation actions. Thus, it may be more appropriate
to consider a probability of 0.001 failures per demand to reestablish SG
cooling within 30 min or initiate HPI within 60 min.

Applying the available time/operator failure correlation to the problem
yields a comparable estimated failure rate. Operator failure within

30 min would have a probability of 0.01 and within 60 min a probability
of 0.001., However, these estimates must be modified to account for
coupling between operator action failures and impediments to appropriate
operator actions (e.g., spurious low RCS temperature indications, a full
pressurizer, etc.). If, as above, a single probability of not
performing either required action within 60 min is estimated using the
correlation, the 0.001 failure probability is obtained as indicated in
the Oconee PRA.

Combining the power supply failure frequency, 0.009/ry, with the 0.9001
conditional probability of the operator failing to restore SG cooling or
initiate HPI yields a core melt sequence frequency of 9 x 107%/ry.

This sequence is considered to be significant. 1In particular, the fact
that a control system failure could defeat automatic initiation of the
required mitigating system should be investigated further. It also is
noted that the 60-min operator action limit resulted from a procedurally
required trip of the RC pumps. If the pumps were not tripped, ORNL
calculations indicate that the time available for the operator to take
the required actions would be extended significantly. The particular
impact of this time extension on the sequence frequency has not been
evaluated,
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3.2.3.2 Loss of ICS Auto Power. A loss of ICS auto power, branch
circuit H or H1, will result in many ICS control stations transferring
to manual and the controlled components remaining in position. Failure
event sequences that could occur following loss of auto power are
depicted in Fig. 3.5.

Although a loss of ICS auto power would not result directly in a
transient, automatic responses to perturbations in the plant operating
state would be limited. A high probability has been assumed for an
eventual reactor trip in response to such perturbations (e.g., a MFW
control valve drifting due to air leakage from the valve operator).

Once the reactor trips, the SGs would begin to fill rapidly unless the
operator throttled MFW flow by closing the main and startup control
valves, These valves would be left closed until the existing high SG
inventory boiled off to approximately the 30-in. level. The operator
would then control the startup control valves to maintain this level.

As with the loss of ICS hand power, the operator has several alternate
actions to control and terminate the transient. However, once the
operator successfully throttles MFW, a second operator action will be
required to prevent a loss of SG cooling.

The frequency of the sequence leading to core melt has been estimated.
This sequence frequency incorporates the frequency of the initial power
supply failure and the conditional probabilities of the operator
successfully throttling MFW, failing to reestablish SG cooling, and
failing to initiate HPI.

The frequency of loss of ICS autoc power is expected to be the same as
for ICS hand power, 0.009/ry based on operating experience at Oconee.

As indicated in Figure 3.5, the conditional probability that the reactor
subsequently trips has been estimated to be 1.0.

Once reactor trip occurs, a rapid SG overfeed transient will begin. As
discussed in Sect. 3.2.1, it is considered likely that the operator will
attempt to throttle the MFW valve, although it is generally considered
unlikely that he will succeed in preventing a SG high level trip
challenge. For this particular transient, however, the operator may be
alerted prior to the overfeed and may begin throttling prior to reactor
trip. A 0.5 probability has been estimated for successfully throttling
MFW prior to a MFW pump trip challenge.

Given the MFW isolation, a period of tens of minutes will elapse before
MFW flow would be required. This period of time increases the
opportun.ty for the operators to become occupied with other crises and
to fail to reestablish SG cooling. With the MFW isolated, a plant
condition similar to the condition following a loss of ICS hand power
will occur. However, two factors are expected to increase the
likelihood of successful recovery:

1. Manual MFW controls are available to the operator without recovering

from the power supply failure.
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Reactor trip does not ocour Continue power
(<0) operat ion
f20/demand)
ICS auto power fails
(0.009/y) Operator fails to isolate MFW® SC overfeed
(0.5/demand ) T transient
MFW or EFW reestabl|ianhed
Reactor trip oecur in 30 min i Transient
(~1/demand ) (0.57/demand ) terminated
HPI Initiated
MFW isolate in 60 min No safety
(0.5/demand ) consequences
50 cooling falls®

{0.0%/demand )

HP1 falls Core melt

#Closure of main and bypass FW control valves,
SEMEW and EFW avallable by operator action,

Fig. 3.5. Insufficient core cooling event tree: loss of ICS auto
power (Branches H, H1).

2. The operator has successfully used these controls to throttle MFW
and is thus alerted to the subsequent requirement to reestablish
flow.

For these reasons, a credit factor of three has been applied to the
Oconee PRA 0.1 failure probability estimate. This yields a probability
of 0.03 failures to reestablish SG cooling per demand.

The Oconee PRA estimate of 0.01 failures to initiate HPI given loss of
S5G cooling has been used. As indicated previously, failure to initiate
HPI and failure to reestablish SG cooling are linked actions. The
combined probability of 0.0003 failures to establish SG ccoling or HPI
is considered reasonable for the loss of ICS auto power sequence.

Combining the initiating failure frequency with probabilities of the
other failure events in the sequence yields a sequence frequency of

1 = 107% for the loss of ICS auto power core melt sequence. Although
this frequency is lower than that estimated for loss of ICS hand power ,
loss of ICS auto power remains a potentially significant transient.



4. AUGUMENTED FAILURE MODE AND EFFECTS ANALYSIS

4.1 HYBRID SIMULATION

The ORNL study of the safety-related aspects of control systems consists
of two interrelated tasks: (1) a failure mode and effects analysis
(FMEA) that, in part, identifies single- and multiple-component failures
that may lead to significant plant upsets; and (2) a hybrid computer
model that uses these failures as initial conditions and traces the
dynamic impact on the control system and the remainder of the plant.

The second task is treated in this section.

The initial step in model development was to define a suitable interface
between the FMEA and computer simulation tasks. This involved
identifying primary plant components that must be simulated in dynamic
detail and secondary components that can be treated adequately by the
FMEA alone. The FMEA in general explores broader spectra of initiating
events that may collapse into a reduced number of computer runs. A
separate task within the FMEA process included consideration of power
supply failures. Consequences of the transients may feed back on the
initiating causes, and there may be an interactive relationship between
the FMEA and the computer simulation.

Since the thrust of this program is to investigate control system
behavior, the controls are modeled in detail to accurately reproduce
characteristic response under normal and off-normal conditions. The
balance of the model, including neutronics, thermohydraulies, and
component submodels, is developed in sufficient detail to provide a
suitable support for the control system. The overall approach
predominantly uses the existing state-of-the-art procedures available in
production codes or in the literature., At the expense of generality,
attempts were made to simplify and streamline programming, tailor it to
a specific plant, and improve computational speed and maneuverability as
compared with large production codes.

4.2 HYBRID MODEL OF OCONEE-1 PLANT

From a modeling point of view, all PWRs have many common elements. An
obvious example is the reactor; with minor changes in parameters, a
single structured simulation may be used for plants designed by B&W,
Westinghouse, 2nd Combustion Engineering. Other features such as
pressurizer controls and high-pressure injection (HPI) systems may
differ in detail but have the same generic features for modeling. The
B&W (Oconee-1) model was developed as the prototype for a generic PWR
system, and it incorporates modules that are broadly representative of
the nuclear industry, thus minimizing the revisions needed should it
become desirable to extend the model to accommodate other specific
designs. Its principal components are shown in Fig. 4.1.

7
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The range of problems to be considered is extremely broad. For example,
some specific contreol-related safety issues that have occurred in the
past are as followa:

steam geneérator and/or reactor overfill,

reactor overcooling transients,

misvalving that leads to direct loss of coolant,

turbine trip-induced pressure surges,

administratively mandated shutdown upon loss of one or more

auxiliary power channels, creating immediate dependence upon the

remrining auxiliary channels,

« misvalving that turns off oil to turbine bearings, with
consequent loss of coolant pumps,

+ switching errors that can discharge batteries and overload
charges,

» startup procedures that may lead to short-period transients,
and

+ operating limits run cutside technical specifications because of

control sensor errors, and short circuiting of circuit

components, leading to control system power supply failures.

*« & * 5

The ORNL development approach was to model first the projected scenarios
of greatest concern, and to allow sufficient flexibility in the
simulation framework to expand into other areas with a minimum of
retrofitting. A principal purpose of this study was to discover
undesirable control actions that may arise from unanticipated
interactions among system components., While model simplicity is
desirable in many respects, particularly for grasping major
characteristics, the dynamic detail needs to be sufficient to encompass
the more complex and subtle interactions that can occur in a real plant.

Extensive modeling of nuclear components, some of which was done at
ORNL, has been accomplished in the past and described in the literature.
A literature search was made of the state-of-the-art modeling for each
component. Although much of this was immediately applicable, some
modifications and new model development were required.

Details of the model will be given in a separate topical report.?® An
overview is presented here.

4,2.1 Core

4.2.1.1 Neutronics. The treatment of core neutronics has available the
following possible levels of detail.

1. Zero-order kinetics, the simplest level, is useful in afterheat and
comparable fixed- or zero-flux studies.

2. Point kinetics, the next level of complexity, is useful in fixed
flux-shape cases. Three to six neutron groups are appropriate.
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4,2.4 Reactor Coolant Pumps

The RETHAN?, TRAC, and other codes include punp models; we have adapted
this work to ours, Multiple pumps and loops are treated to allow
studies of fajilures of fewer than all pumps; thus asymmétries in the
loops can be studied.

4,2.% Turbine Generator and Feedwater Heaters

The dynamics of the turbine generator are significant in some cases of
interest, ORTURB, a production code for turbine-generator-condenser
simulation, is the basis for balance-of-plant modeling. This code has
been applied extensively in studies of Ft. SL, Vrain and other plants.
The feedtrain simulation permits detaiied modeling of steaming and
condensation in heaters and uses the formalism Jdeveloped by

J. G. Delene, which was extensively applied in the desalination program.
Modifications nave been made as needed vo accommodate specific
requirements of this program. The low voltage bus is the modeling
boundary.

4,2.6 Feedwater Pumps

RETRAN21, TRAC, or other scurces provide the formalism adapted to our
model. ™ultiple pumps and loops were simulated and therefore failure of
fewer than all pumps can be studied. The AFW system was Included.

4,2.7 Condensate Pumps

The same sources used for the FW pumps provide the formalism. The
cocling water inlet pipe is the model boundary.

4,2.8 Emergency Core Cooling System (ECCS)

While the functions of the ECCS are not the thrust of this study,
certain components are activated in some of the transients Investigated.
For example, during overcooling incidents the system pressure may fall
enougn to trip the high-pressure injection system and possibly the
low-pressure injection system. These components, including
accumulators, are treated in the model at a suitable level of detail.

4,2.,9 Contiroel System

The control system (Fig. 4.2) includez a realistic representation of
primary controllers that simulate basic operating requirements. The
detailed actions of secondary controllers, such as those for bearing
lubrication or power supply function, were considered in the failure
analysis implicitly as causes under broade~ simulation categories such
as FW pump fallure or instrument malfunction.

The kernel of B&W's integrated control system (ICS) comprises three
major loops coupling megawatt demand with turbine, feedwater, and
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Fig. 4.2, Model of the integrated control system.

reactor control plus pressurizer controllers. Simulation is complicated
by feedforward signals, direct cross coupling of loops, and many rate
and magnitude limiters that restrict loop functions or that reorganize
portions of loops under prescribed conditions. These nonlinearities are
typically excited during off-normal or upset conditions. Since it is
the intent of this study to investigate such conditions, it was
necessary to reproduce the ICS in considerable detail.

4.3 MODEL VALIDATION

The use of previously confirmed modeling techniques wherever possible
provided a leg up on verification of the hybrid model of Oconee-1.
Testing progressed along two fronts: (1) comparison with data from B&W
plants including Oconee-1, and (2) comparison with the results of other
codes such as TRAC and RELAPS5. Details of both types of comparisons
including numerous examples are given in Appendix C.

Comparisons to plant operating data and to steady state profiles from
B&W design reports show good agreement. Detailed comparisons of the
hybrid model predictions to data from Oconee 3 turbine trip (March 1980)
were also in good agreement, The hybrid model shows the same degree of
agreement with the data as do the TRAC and RELAPS codes for cases run as
part of the pressurized production codes (see Appendix C).
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4.4 APPLICATION OF THE MODEL

The simulation was used primarily to address mild to moderate transients
that can occur at least partially under action of the nonsafety control
system., Severe transients simulated included steam line breaks.
Attention initially focused on overfill events that assumed single or
multiple failures of feed valves or the generator low and high level set
points and the trips that regulate these valves. C(ases were run at 20,
50, and 100% initial power levels, with failures occurring either in
loop A or in both loop A and loop B. The classes of events listed below
were considered. (In the first six sets, the initiating event was
failure high of the low level set point.)

1. Intermediate overfeed failure insufficient to activate SG level
protective features other than ICS interaction.

2. Overfeed failure when the high level control transfer is approached
but not reached.

3. Slow MFW control valve action in combination with overfeed failure
when the high level control transfer is approached but not reached.

4. Overfeed in which high level control transfer fails and high level
pump trip is approached but not reached.

5. Overfeed with high level contrcl transfer and high level pump trip
failed.

6. Overfeed with high level control transfer and high level pump trip
failed in combination with a steam leak in line A.

7. MFW blocking valve position indicator falsely indicated closed; flow
reading taken from loop A startup meter.

8. Potential overfeed, which begins with main turbine trip and
failure-in-place of main and startup feed value controllers, in some
cases in combination with failure of bypass valve controllers.

9. Turbine trip during overfeed.

In general, these calculations showed that for single-SG overfeed, water
inventory in the affected SG could increase to a level sufficiently high
to saturate the SG fluid, quench superheat, and inject water into the
steam line. In some cases of two-SG overfeed, the transient terminated
on low suction trip of the main feed pumps. Overcooling of the primary
side was usually modest.

Other events studied using the model include depressurization of the
secondary side, overheating of the primary, and SG tube rupture:

1. Secondary side depressurization induced by steam line rupture or
by steam valves failing open in loop A or in both loop A and loop B
at low and high power levels,
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2. Overheating induced by loss of all FW to SGs.

3. Partial or full rupture of one or more SC tubes following generator
overfill, with or without main steam line break.

In the next sections the above groups of cases will be deseribed in more
detail. Transients were normally run for 10 min of plant time, although
some were as short as 30 s and cthers extended to ! h., (The model has
restart capabilities for transient continuation.) Descriptions of
lengthier event sequences are supplemented by tables., Although all
available information on plant trips was included, it is possible that
trips unknown to the authors would terminate some of the transients.
Operator intervention was excluded,

In presenting the results of the hybrid simulations, only those figures
that demonstrate the most important conclusions will be given here. For
complete results, refer to Appandix C.

4.5 STEAM GENERATOR OVERFILL TRANSIENTS
As indicated above, nine classes of overfill sequences were considered:

Class 1: Intermediate overfeed failure insufficient to activate SG
level protective features other than ICS interaction. In these cases
the low level set point in SG A was assumed to fail high at 198 in. on
the operating range. None of the high level set points was approached,
At 100% power, the impact of tnis degree of overfill on the primary side
was minor. At 50% power (and lower) overcooling remained minor, but as
SG A filled to the set point the outlet quality* decreased below 1.0

and liquid was injected into the steam line (Fig. 4.3). Figure 4.3 is
the time integral of liquid exiting the genera%or, indicating the total
water passing into but not necessarily accumulating in the line. Phase
separation and any attendant accumulation were not considered. Loss of
Superheat at lower power levels results from the larger incremental rise
in generator water level necessary to reach the spurious set point.

Class 2: Overfeed failure when the high level control transfer is
approached hut not reached. In these cases the low level set point in
SG A is failed to a higher value than previously: 240 in.,, which is
near but below the high level set point. Because of the greater water
loading in the SG, even at 100% power the steam quality at the generator
outlet dropped below 1.0 at approximately 2.5 min. and water was
injected into the steam line (Fig. 4.4)., Runs at 20 and 50% power
showed approximately half as much injection into line A in 10 min. As
in Class 1 events, the impact on the primary side appeared to be minor.

The above runs were repeated with level failure oceurring in both 3G B
and SG A. At power levels above approximately 50%, the results for both
steam lines were comparable to those for line A discussed above. At
lower initial powers, the MFW pumps tripped on low suction pressure and
terminated the overfill betore water was injected into the steam lines.

*Throughout this chapter the term quality refers to the
thermodynamic quality.
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Class 3: Slow MFW valve action combined with overfeed in which the high
level control was approached but not reached. These cases were a repeat
of the Class 2 events but with an added FW control valve malfunction in
which the stroke rate was significantly slower than normal. Full stroke
time was assumsd to be 60 s rather than the nominal 5 to 10 s. At full
power, sluggish valve action reduced water injection by 50% compared
with normal valve action; the ICS had more time to reduce flow to SG B
and maintain system balance. Conditions on the primary side were
largely unchanged. At lower power (20%), the ICS increased reactor
output and FW to SC B in an attempt to match SG A overfeed. The net
imbalance, combined with the longer time required to reach the failed
level set point, was such that water injection doubled in comparison
with normal vaive action,

Class 4: Overfeed in which high level control transfer fails and the
high level pump trip is approached but not reached. In these runs the
low level set point was assumed to fail at 263 in., near but below the
point at which pump trip would be initiated. Water injected into the
steam lices in the first 10 min of the transient varied from 35,000 to
75,000 1b over the power range considered. Cooling of the primary
remained minor. When set point failure in line B was combined with
line A, water injection occurred in both lines at powers above 50%,
while at lower power the system tripped on low FW pressure.

Class 5: Overfeed in which high level control transfer and high level
pump trip failed. (See also Table 4.1.) In these cases, the low level
gset point in SC A was assumed to fail arbitrarily high; a value of

700 i{n. was used in the simulation. All high level control points in
SG A were thus exceeded and assumed failed. Depending upon initial
power level, the I(S took different courses of action to reestablish

100

steam 1ine A at 100% power (Class 2).
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Table 4,1, Class 5 overfeed: faiiure of high-level control
transfer and high level pump trip of Steam Generator A

Event Time (min)
20% Power
Low level set point of SC A failed arbitrarily high 0
(700 in.); high level control and trip failed
5G A feed valve opened; flow reached maximum rate 0.5
SG A superheat lost; water injection into steam 1.5
line pegan
Reactor power matched increased flow 2.0
Loop A cold-leg coolant temperature stabilized 35°F below 2.0
initial value
3G A outlet quality stabilized at (.6 29
Primary pressure bottomed at 1985 psia 2.5
SG A water level stabilized at 350 in. 4
Pressure control system restored primary to set point 10
Gross water injection to line A was 380,000 1b 10
1008 Power
Low level set point of SC A failed arbitrarily high 0
(700 in.); high level ccntrol and trip failed
SGC A feed valve opened to 132% of normal flow; 2
SG B valve closed to 79%
SG A superheat lost; water injection tc steam 2
line began
SG B superheat increased 12°F 2
Primary coolant temperatures restabilized; loop A cold- 3.5
leg temperature 15°F below initial value
SG A level reached new steady state at 260 in.; 6.2
SG B level at 130 in.
Gross water injection to line A was 68,000 1b 10
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balance between reactor power ard FW flow, At 20% power, the failed
set point caused the S5C A feed valve to run full open in a few seconds,
GCenerator level increased to 50 in. and then stabilized because (1) the
maximunm pumping power in line A was reacned, and {(2) balance between
power and flow was reeatablished at 60%, with most of the heat
transferred to SG A. Superheat in SC A was lost in approvimately

1.5 min, Total water injection was 280,000 1b after 10 min (Fig. 4.5).
On the primary side, pressurizer pre-.aure decreased 200 psi in 2.5 min
and then recovered., Pressurizer level indication aropped 5 ft in the
first 3 min and was beginning to rise after 10 min, The cold leg
temperature of tie affected loop decreased 35°F in 2 min (see

Fig. 4.6).

At 100% initial power, the ICS was limited in its capacity to adjust
power to match overfeed. In this case the control system reduced flow
to SG B to compensate for the increase in tne flow to SGC A. The level
indication in SG A stabilized near 260 in, Water injected into line A
was 68,000 1bs in 1C min (Fig. 4.7). Secondary and primary temperature
variations are generally smaller than at 20% power because the overfeed
at 100% is a smaller percentage change in flow.

In both of these transients, actions of the ICS to match power and feed
flow resulted in a stabilized system. If the turbine does not trip on
low quality, this configuration may be sustainable.

Class 6: Overfeed with nigh level control transfer and high level pump
trip failed in combination with a steam leak in line A. The previous
100% power case was repeated with the addition of a steam leak in line A.
The leak was sized to correspond to full-open bypass valves and began
after the overfill was well established (5 min). In the affected line,
steam flow redistributed between the leak and header in such a way that
turbine flow decreased but total flow was nearly preserved. Conditions
on the primary side did not differ markedly from the previous case. The
configuration appeared to be controllable by nonemergency ICS action.

Class 7: The MFW blccking valve position indicator falsely indicated
closed; flow reading taken from the startup meter in loop A. Initial
power was 100%. The FW flow signal for SG A was 15% (see Table 4.2).
The ICS reduced reactor power to 70% (Fig. 4.8). Total feed flow was
reduced less rapidly, and some overcooling of the primary occurred.

Primary pressure decreased 230 psi, and pressurizer level fell from

18 ft to 9 ft in 1.5 min. Core average temperature, as calculated from
the hot and cold legs of the affected loop, decreased 18°F in 1.5 min
and then began a slow recovery. Water injection into steam line A was
20,000 1bs in 10 min.

Class 8: Potential overfeed that begins w.th main turbine trip and
failure-in-place of main and startup feed valve controllers. Three
subsets of events were considered, beginning at steady state with
reactor and turbine trip: (a) main and startup valves frozen in place;
(b) same as (a) except that in addition the condenser bypass valves were
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Table 4.2, Class 7 overfeed: main feedwater block valve position
indicator falsely indicated closed
(Flow reading taken ‘rom siartup meter in loop A; 100% power.)

. — -~ ——

Event Time (min)
SG A MFW block valve indicator falsely indicated 0
closed; flow reading tanen from startup meter
ICS reduced reactor power tc 5% 0.8
Primary pressure bottomed 230 psi helcw set point 1.5
Pressy~‘zer level bottomed 9 ft below set point 15
Core average coolant temperature bottomed 18°F pelow 1.5
VO W v
26 A superheat lost: :'~ter injection to line * began 1.5
ICS increased pcuer from 55 to 70% 2.5
ICS ramped iLotal feed [i0w Udukx LU TUR %
Pressure control restored set point 10
Gross water injection to line A was 20,000 ib 10
ARERSG Welt g T E D B w3+ 5) eackpe that Lhe FW pumps were run back
Lo widldum speed, Tauses voere run at 100% and SC% power, Overferdin:
both generstors resultad I Selgrirg "2g * oumps on 10w Suctiow

pressure approximately 20 s into the trau-ient, Representative of these
results is the Class 8a case at 100% power. The turbin:c *r:ipped at time
zero, the main and startup valves were frozen in place, and the turbine
bypass valves were locked shut. Turbine bleed-steam valves closed in

5 s, shunting bleed flow (approximately one-third of the total) through
the condenser. During this interval, high SG pressure reduced FW flow
sufficiently to prevent feed pu:p trip. After a few more seconds, steam
safety valve actuation limited pressure increase and the ICS increased
main pump speed and flow to reestablish 35 psi across the main valves.
At 20 s increasing flow caused suction pressure of the condensate
booster pumps to drop below t-- 16-psig trip point. Loss of the booster
pumps in turn tripped the main pumps on low suction, and feed flow
ceased, Effects of the brief overfeed were negligible.

Allowing the bypass valves normal action somewhat reduced SG pressure
buildup and slightly shortened the time taken for feed flow to build up
to the pump-trip point; however, the overall results were not changed
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materially. In one simulation, the pump speed was manually run back to
minimum (2800 rpm) to determine whether this action would reduce flow
sufficiently to prevent a trip. When the speed fell below approximately
3200 rpm, the pump became effectively deadheaded (though recirculation
to the condenser existed) and overfeed was thereby terminated. Thus, in
these Class 8 cases, overfeed did not extena beyond the first 20 s of
the iransients. No water entercd tiie steam lines, and cooling effects
on the primary were minor.

The previous two-5G cases were repeated with only one SG affected. At
100% power, normal bleed flow shunted through the condenser and pumps
caused sufficient incremental line loss to trip the booster pumps (and
then the main pumps) on low suction pressure 55 s into the transient.
However, at 50% power, low suction trip did not occur.

These results indicate that SG overfeed in coincidence with turbine trip
may or may not be terminated by low pump suction pressure, depending on
the initial power level. For two-SG overfeed, pump trip occurred at
midrange power levels and higher. For single SG overfeed, pump trip
occurred only at higher power levels,

It was noted, however, that the occurrence of predicted booster pump
trips (followed by MFW pump trips) on low suction pressure is sensitive
to the assumptions of line pressure drops, control valve losses, and
details of the operational sequences. Only minor changes in these
assumptions, within the bounds of the uncertainty ranges, could change
the probability of pump trip.

Class 9: Turbine trip during overfeed. A series of runs was made to
determine whether *irbine trip duriig an overfecd event would exacerbate
the amount of moisture injected into the steam line. It is unclear
whether or how wet steam causes a turbine trip, either directly by
active protection devices or indirectly by secondary distu~bances. The
study was done parametrically by initiating trip at time zero and at

3 min and 6.4 min after onset of overfeed. The overfeed initiator was
failure high of the low level set point at 700 in., which caused the
feed valves to open fully. At 100% power, the feed pumps tripped on low
booster-pump suction following turbine trip. Although the failed

low level set point actuated the EFW system, injectiui of water into the
steam lines terminated on main pump trip (Fig. 4.9). With trip at onset
of overfeed, superheat was not lost and no water was injected into the
steam line. At power, injection commenced at 1.8 win. Trip av <« min
limited injection to 2.6 x 10® 1b and trip at 6.4 min terminated
injection at 4 x 10" 1b. Principal thermal changes on the primary side
were associated with reactor trip and were approximately the sime
magnitude for all three overfeed conditions (Fig. 4.10).

These runs suggested that excess main feed flow would have to be limited
if consequential overfeed were to continue after turbine trip. The next
case was started at 50% power (and flow). It was determined that
failure of the SG A feed valve 80% open provided the maximum flow rate
that could be sustained without pump trip following turbine trip.
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Fig. 4.9. Water injection into Fig. 4.10. Core average coolant

steam line A at 100% power (Class 9). temperature as measured by sensors in

Loop A at 100% power (Class 9).

However, since the overfill rate was siower, the Btu-limit circuitry of
the ICS was able to take corrective action and rebalance the system.
Power increased and loop B SG feed flow increased to match that of loop
A. The sys“em restabilized near 80% power. Power increase was
sufficiently rapid compared to the rate of overfill to prevent loss of
SG superheat.,

Thus, in this study turbine trip effectively terminated water injection
into the steam line. When overfeed was restricted to a rate that would
not cause pump trip, the Btu limits acted to prevent loss of superheat
and hence injection of water into the steam line.

4.6 SECONDARY SIDE DEPRESSURIZATION TRANSIENTS

In these events, secondary side depressurization is induced by partial
steam valve failure or steam line rupture in loop A or in both loop A
and loop B and at low and high power levels. At 20% power, a fault in
steam line A was sized to accommcdate the line's total available flow.
An initial modest pressure reduction in the SGC resulted in a temporary
increase in feed flow, and the ICS increased reactor output and
reestablished equilibrium at 35% power. The ICS maintained header
pressure by throttling turbine flow, forcing virtually all line A flow
through the fault. Impact on the primary and secondary pressures and
temperature was minor. Plant conditions appeared to remain manageable
by the ICS. Without operator intervention, the system would be expected
to trip on depleted FW inventory.
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At 100% power, over the time interval considered, the ICS appeared to be
capable of managing single-line faults that released up to 100% of one
line's nomiral flow. Perhaps the most roteworthy imbalance was the
substantial downtrend in FW temperature that resuited from loss of
one-half of the bleed steam to the heaters. Leaks of this magnitude or
larger in both lines resulted in depressurization of the secondary side
and system trip within 1 min on low steam flow toc the turbine or a
presumed disturbance resulting therefrom.

4.7 OVERHEATING TRANSIENTS

Overheating was induced by loss of all FW to SGs. Transients were
initiated at steady state 100% power by tripping the reactor and turbine
and closing the main and startup FW valves. The turbine bypass valves
failed closed, and the EFW system did not actuate (see Table 4.3). 1In
the first case considered, the primary coolant pumps were not tripped.
The SGs dried out in 1.5 min; thereafter, decay heat was not removed at
the SGs. The steam line safety valves cycied until SG dryout, whereupon
the pressure stabilized, There was no further significant coupling to
the balance of plant, and that part of the simulation was discontinued.
Core average temperature dropped 25° during SG dryout and then began to
rise from decay heating (Fig. 4.11). Six minutes into the transient,
follovwing the initial drop, pressurizer pressure reached the FPORV set
point and stabilized. At 14 min the pressurizer went solid (Fig. 4.12).
Core fluid guality increased and reached saturation at 30 min. Core
temperature stabilized while quality continued rising and the core began
to void (Fig. 4.13). Shortly after the onset of voiding, primary
pressure rose to the safety valve set point and then cycled between set
points as the safety valves opened and reseated., At 1 h, when the
transient was terminated, the core void fraetion had reached 0.%

(Fig. 4.13); the core would have dried out in another 15 min.

The second overheating case was the same as above except that the
reactor coolant pumps were tripped when the primary subcooling margin
was less than 50°F, which occurred 12.5 min into the transient. This
case explored whether reduced circulation would accelerate the rate at
which the primary system overheated. It was found that, after the pumps
tripped, the pipes and SC metal extracted enough heat from the coolant
to establish natural circulation at approximately 2% of full flow. This
provided sufficient effective mixing of the primary fluid to give a
heat-up rate not materially different from the previous full-flow case.

4.8 STEAM GENERATOR TUBE RUPTURE TRANSIENTS

These cases investigated partial or full rupture of one or more SG tubes
following SG overfill, with or without main steam line break (see

Table 4.4). The principal interest here is based upon the foliowing
postulated scenario: Starting from failure high of the low level set
point in one SG, the SC overfills, outlet quality falls below unity,
water is injected into the steam lines (as occurred in Class 5 events),




Upper core vap

at 100% power




93

Table 4.3. Overheating induced by loss of all feedwater
to steam generators
(Primary pumps not tripped; 100% power.)

Event Time (min)

Loss of all FW, including emergency, to both 0
SGs; turbine bypass valves failed shut; reactor
and turbine trip assumed

SGs dried out; loss of decay heat removal 1.5
Core average coolant temperature bottomed 25°F below 1.5
set point

PURV opened at set point 6
Pressurizer went solid 14
Primary fluid quality positive; voiding began 30
Primary pressure activated pressurizer safety valves 32
Core void fraction reached 0.8 60

and liquid-induced dynamic stresses in the pipes cause a full steam line
break and a rupture of SG tubing. It is to be emphasized that while
these cases predict liquid injection into the steam lines, they do not
predict pipe break and/or tube rupture.

Three transients involving tube rupture were simulated. In all three
the rupture was presumed to occur near the bottom tube sheet of the
overfed SG. Each rupture event began 6.2 min after overfeed started, at
which time the SG water level was 20 ft.

In the first and mildest case, one tube was partially ruptured with an
average leak rate of 7.5 » 10® 1b/h. No other failures were postulated.
The plant was not tripped. The leak was of such size that the makeup
systems compensated two-thirds of the loss, and primary inventory
decreased slowly (Fig. 4.14). Primary pressure remained near set point
until the pressurizer heaters tripped off on low level at 22 min. Core
average temperature was controlled near set point, The contribution of
the leak did not materially change the already overfilled SG lev2l, the
generator pressure or temperature, or injection into the steam line
(Fig. 4.1%5).

In the second case, the leak rate was postulated to be substantially
larger. Three tubes were presumed to have double-ended breaks witn an
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Table 4.4, Tube rupture transients
(100% power)

Evernt Time (min)

——— -

Precursor to all tube rupture Sequences

Low level set npcint of SC A failed arbitrarily high 0
(700 in.)
SG A feed valve opened to 132% flow; SUG B 2

valved closed to 79% flow

SG A superheat lost; water injection to steam
iine began

~N

Primary pressure and pressurizer level bottomed; makeup and 3.5
pressure control began to reatore set points

SG A level increased to new stealy state value of 6.2
2480 in.; SC B level at 130 in.

One SG tube ruptured

One tube in SG A experienced single-ended break; or 6.2
equivalent leak of 7.5 x 10" 1lb/h

Primary inventory, partially compensated by makeup, slowly 6.2¢
decl ined

Pressurizer heaters operated to maintain set point €.2¢
Pressurizer level fell below heater trip point; pressure 22

began to decrease; leak continued

Three SG tubes ruptured

Three SG A tubes experienced double-ended breaks; 6.3
total leak rate 6.2 x 10* 1b/h

Low primary pressure tripped reactor Tl
Pressurizer dried out; heaters tripped 7.9
HPI turned on at set point; pressure increased; 8.3

inventory continued to decrease ~1%/min
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Tabie 4.4 (continued)

Event Time (min)

Cne SG tute and steam line ruptured
Steam line A experienced full rupture; one tube of 6.2
SG A nad double-ended break with leak rate of
2 = 10% ‘o/n
False high-level signal in SG A tripp=d feed pumps, 6.3
reactor, and main turbine
Pressurizer temporarily dried out; heaters tripped 6.5
Primary pressure iell to HPI set point 6.6
Core average coolant temperature as measured by loop A 6.6
sensors dropped to ~5059F
Core average coolant temperature as measured by loop B 6.6
senscrs dropped to ~535°F and stabilized with slow
downward trend
5G A coolant temperature dropped to ~495°F 6.6
S5 A blew down to ~100 psia 6.7
Core average coolant temperature as measured by loop A 6.8
sensors recovered to ~535°F and stabilized with slow
downward trend
3G A coolant temperature recovered to -535°F and 7
2tabilized with slow downward trerd
3G A dried out 7
HPI rewetted pressurizer 15
HPI restored primary pressure to set point 13
HPI built pressurizer inventory to normal level; leak 30

continuved
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Fig. 4,14, Pressurizer water Fig. 4.15. Water injection into
level. Overfill of steam generator A steam line A. Overfill of steam
followed by part.al rupture of one generator A followed by partial
tube. rupture of one tube.

average total leak of 6.2 x 10® 1b/h. No other failures were postulated.
In this case the leak was an order of magnitude larger than the normal
makeup capacity. Primary pressure violated the protection system
pressure-temperature constraint at 7.2 min and tripped the reactor.

At 8.3 min the HPI system actuated and reversed the pressure trend.
Although the primary began to repressurize, the leak exceeded the
capacity of the HPI, and net inventory loss continued (Fig. 4.16). The
pressurizer dried out at 7.9 min. Primary inventory gross loss
contirn. .4 at the full leak rate, ~2.5%/min, and net loss was ~1%/min.
in this case, throttling the HPI and depressurizing the primary would
appear to be requisite operator actions not only to staunch release of
coolant but also to prevent core exposure,

In the last tube rupture event studied, one SG tube was assumed to
experience a double-ended break with an average leak rate of

2 =~ 10® 1b/h in conjunction with a guillotine-type break in the main
steam line of the overfilled SG. No operator actions were included.

The massive disturbance was presumed to trip the main turbine and
reactor, at least on false high-SG-level signal (noted below). Blowdown
of the affected SG reduced the pressure to 100 psi within 30 s, at which
time SG A dried out and thereafter the influx of primary coolant flashed
to steam upon entering the secondary side. The dynamic head associated
with the initial acceleration of fluid in the affected SG caused the
level sensor to register higher than the high-level trip, and the feed
pumps tripped. Steam temperature dropped during blowdown and, after
dryout, tracked the temperature of the flashing primary fluid. Primary
pressure fell rapidly during SG blowdown. HPI was initiated at set
point in 20 s, and pressure was subsequently restored to the PORV set
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Fig. 4.16. Pressurizer water level, Overfill of steam generator A
followed by full rupture of three tubes.

point. The pressurizer temporarily 4dried out until HPI was established.
Core average temperature decreased rapidly during depressurization, then
stabilized at ~535°F. At 30 min, when the calculation was terminated,
the system inventory was increasing and the leak into the secondary
system was continuing.

An additional case was run to help estimate the amount of radioactive
primary coolant that might be released to the atmosphere in the event of
steam tube rupture. The calculation began with the assumption that
radiation alarms instigated a reactor trip. Total heat generation
(Btu), total steam generation (1b), and total steam released to the
atmosphere through the safety valves as a function of time after trip
are shown in Fig. 4,17. Steam released through the safety valves, which
opened only during the first half-minute of the transient, amounted to
1.1 x 10" 1b. 1If the bypass valves are operative, that would also be
the total steam released (27% of the total steam generated during the
time the safety valves cycled). If the bypass valves failed closed, the
total steam curve (Fig. 4.17) is a guide to the amo. .. that would be
released through the safety valves during the early minutes of the
transient, For longer times, extrapolation of the total heat generation
curve provides a measure of the amount of steam that would be produced
at ~T700 Btu/lb, Initially a greater amount of steam is produced because
the primary system experiences a temperature drop.

Assuming that one SG tube ruptured with an average leak rate of
2 x 10% 1b/h, and that the bypass valves operated as designed,
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Fig. 4.17. Energy and steam production
following a reactor trip.

~450 1b of the primary coolant would be discharged through the safety
valves, If the bypass valves failed closed, the coolant should be
discharged at approximately the leak rate.

4.9 REVISION OF THE HYBRID MODEL OF THE STEAM GENERATOR

Using data provided by NRC, the steam generator model was originally
designed with an outlet steam temperature of 570°F, which yielded 38°

of superheat. The superheat region started at 72% of the length of the
tubes relative to the bottom tubesheet. The primary- and secondary-side
temperature distributions calculated by the model agreed closely with
design profiles included in the NRC-supplied data. 1In reviewing ORNL's
draft report on Oconee 1, Duke Power Company stated that SG superheat
ranges from 48 to 63°, that the outlet temperature is nearer to 595°F,
and that the superheat region begins at 55% of the length of the tubes.



The hybrid model has been revised accordingly. Using the midpoint of
the stated range of superheat, the SG outlet temperature was increased
to 590°F to provide 55° of superheat. The model superheat region now
begins at 55% of the length of the tubes.

Following revisions of the model, the Class 5 event overfill that
occurred at 100% power was repeated to judge whether this higher level
of superheat would qualitatively change the conclusirns of previous
overfill calculations in which water was injected into the steam line.
Although the added =uperheat had the expected effect of retarding loss
of superheat, the overall course of the transient was not changed.
Results based on the two SG models are compared in Figs. 4.18 and 4.19,
With the revised model, the overfilled generator lost superheat in

3.5 min (versus 2.5 min with the original model), and 3.2 x 10* 1b
(versus 6.8 x 10* 1%) water was injected into the steam line in

10 min. The basic conclusions of the overfill studies appear to remain
unaltered; for certain conditions, superheat can be lost and water
injected into the steam line. It should be noted that ORNL studies have
indicated that the ICS Btu limits will act to prevent loss of superheat
if the rate of overfill is not too great. This was found in the Class 9
event in which the rate of overfill at 50% power was limited by failing
the feed valve only 80% open.

4,10 PRELIMINARY CONCLUSIONS

A number of general conclusions may be drawn from these simulations.
Safety implications are treated more fully in Sects. 3 and 5. The

ICS shows considerable ability to deal appropriately with many of the
off-normal conditions investigated. The feedforward and feedback
control matrix, which matches FW and reactor power, has a versatility
that tended to buffer th2 disturbances. This is seen particularly in
the Class 5 overfeed events in which all high level control was
inoperative. The ICS manipulated either the power level at low power or
the distribution of feed flow between generators at high power to
maintain Btu balance.

In a number of the simulations, superheat was lost, SG quality fell
below 1.0, and water was injected into the steam lines. While these
cases presume no quality trip, conditions could exist in which the
quality hovered just above a trip set point and injected water into the
lines for a sustained period. For example, in the Class 2 event in
which the low level set point in SG A failed to 240 in., the quality was
marginally below unity and water was injected into the line

(Fig, 4.4),

Overfeed of both SGs tended to inject water into the lines at power
above approximately 50%, whereas the calculations indicated that at
lower powers the systems would trip on low FW suction pressure before
water was injected. Safety implications of water injection are
discussed elsewhere,
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trol transfer and high-level pump trol transfer and high-level pump
trip failed.) trip failed.)

In another type of overfeed event, the transient began with turbine trip
and failure of the FW control valves in place. On turbine trip the
bleed lines are sealed off and an additional one-third of flow is
rerouted to the condenser and through the feed pump lines, with
attendent increase in pressure loss at the pumps. The result indicated
that the transient may or may not be terminated by low pump suction
pressure, depending on initial power level (and flow) as well as on
assumptions made about the operational sequences and the modeling of
line and control valve pressure losses. For two-S5C overfeed, the
incremental flow on turbine trip was sufficient to cause pump trip if
the initial power and flow were midrange or higher. For single-SG
overfeed, trip occurred only at high power, and even then the trip
condition appeared marginal (as noted).

Turbine trip at full power (and flow) effectively terminated water
injection into .he steam line. When overfeed was restricted to a rate
that would not cause feed pump trip, the Btu limits acted to prevent
loss of superheat and hence water injection into the line.

In the majority of cases studied, overfill of the SGs appeared to have
only minor effects on the temperatures and pressures of the primary side.
An exception was the Class 7 event in which the MFW blocking valve
position indicator falsely indicated closed and the flow reading was
takan from the startup meter in loop A. The ICS ran the power back more
rapidly than feed flow, and primary pressures and temperatures dropped
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significantly. This case suggests that the automatic ramp rates for
power and flow may lead to notable thermal imbalances under certain
operating (nontrip) conditions.

The ICS demonstrated ability to manage single-line steam leaks up to the
full normal flow in the line for the existing power level. In the
simulations there was a tradeoff of flow between the leak anu the
turbine, with consequent reduction in turbine power. Turbine trip may
occur even though the leaks appeared otherwise controllable by the ICS
in the short term.

Overheating of the primary on loss of all FW was dominated by the
combined heat capacity of the primary fluid and metal, and was
marginally affected by main pump operation. For the conditions studied,
boiling began in the core in 30 min, and dryout would occur in an
additional 45 min.

Steam generator tube ruptures varying in size from partial rupture of
one tube up to double-ended breaks of three tubes were considered in
conjunction with an overfill incident. Operator action was not
addressed. In all cases the HPI operated to reestablish pressure at set
point and perpetuate leakage into the secondary system and out the
steam-line valves. In the case of a triple-tube rupture, rate of
inventory loss exceeded HPI capacity, the pressurizer dried out in

~1.5 min and primary inventory net loss continued at the rate of
~1%/min, indicating that operator action was needed to prevent
uncovering the core. Each additional simultaneous tube rupture would
increase the net loss by -1%/min and correspondingly reduce the time
available for remedial action. When rupture of one tube was accompanied
by a full steam-line break, the average core temperature decreased ~50°F
during rapid steam generator blowdown, then stabilized as leaking
primary fluid flashed in the dried-out generator.




5. SUMMARY AND CONCLUSIONS

A detailed analysis of the Oconee-1 nuclear power plant systems has been
perforned to evaluate possible safety implications of control system
failures. Results of the control system failure analysis for the Oconee
plant design have been discussed in detail in Sect. 3 and are summarized
in Sect. 5.1, Section 5.2 identifies possible areas of investigation to
assess mitigation of these control system failure transients, and

Sect. 5.3 discusses generalization of these areas of investigation of
the Oconee design to B&W NSSS plants as a category.

5.1 SUMMARY OF CONTROL SYSTEM “AILURES WITH SAFETY IMPLICATIONS

Two Oconee 1 control system failure-initiated transients have been
ildentified with potentially significant safety implications: SG
overfill and loss of SG covuling. These two transients are discussed

below.

5.1.1 Control System Failures Leading to SG Overfill

5G overfill has been identified as a transient consequence of concern in
the SICS Program. Although specific analysis of the consequences of S5G
overfill are beyond the scope of this program, possible areas of concern
include consequential steam line failure and SG tube ruptures. As
discussed in Sect. 3, such consequences of SG overfill may not occur;
however , the conditional probability of steam line damage and tube
rupture following SG overfill is expected to be significant. Further
analysis of these consequences is recommended.

In the SICS Program, the analysis was directed toward identifying and
analyzing faillures that result in SC overfill. Control system failures
were found that result in two types of liquid injection into the steam
lines:

1. Certain failures resulted in increasing SG inventory without
initiating reactor trip. These failures, while they may result in
turbine blade damage, are not expected to cause a gross injection of
liquid into the steam lines,.

2. Similar failures which either follow reactor/turbine trip or cause
such a trip have potentially more severe consequences., With the
reactor tripped, the MFW system is capable of rapidly filling the SG
secondary volume and injecting a significant quantity of liquid into
the steam lines,

As adescribed in Sect. 3.2, several control system failures could
initiate such an event. In the Oconee design, existing instrumentation
results in an automatic trip of the MFW pumps on high SG level in
addition to possible operator actions that could terminate the overfeed.
As described in Sect. 3.2, the combinations of control system failures

103
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and operator failures required to cause SC overfill were analyzed.
Based on this analysis, the frequency of SG overfill due to all causes
at Oconee has been estimated to be between 6 x 107* and 1 x 107"

events/ry.

5.1.2 Control System Failures Leading to Loss of SG Cooling

Two failures were found that could result in loss of SG cooling. In
either case, subsequent operator action would be required to prevent
significant core damage.

The first failure involves a loss of ICS hand power. This failure
reduces the MFW pump speed and terminates FW injection to the SGs
without tripping the MFW pumps. Without a trip of the MFW pumps, the
EFW will not be initiated automatically. In this case the operator must
manually initiate EFW or the HPI to prevent core damage.

Another ICS power failure, loss of auto power, also may lead to loss of
SG cooling. Loss of auto power transfers the MFW controls to manual,
with the MFW control valve in an "as is" position. Should a reactor
trip result from the transients, an overfeed transient would occur. If
the operator manually throttles MFW flow, FW injection to the SG ceases
and SC cooling will be lost unless the operator manually restores MFW or
manually initiates EFW,

The sequences of these events leading to significant core damage have
been evaluated to estimate core damage frequencies. Core damage
sequence frequencies of 107%/ry and 107%/ry have been estimated for the
loss of SG cooling sequences initiated by loss of ICS hand power and
loss of ICS auto power respectively.

5.2 MITIGATION OF SIGNIFICANT CONTROL SYSTEM FAILURES
The potentially significant control system failures discussed above have
been evaluated to identify possible areas of improved mitigation. These

areas of possible improvement are discussed below.

5.2.1 Steam GCenerator Overfill

In the SG overfill case, there exists a circuit largely independent of
fdentified initiating failures which will trip the MFW pumps on high SG
level. However, due to the long test interval for circuit components
(1 y) and the 2-out-of-2 logic used, the expected failure rate of this
eircuit was relatively high.

If the estimated frequency of SC overfill is found to be too high,
several options are available to reduce it., These options include
shorter trip circuit test intervals and circuit modifications. Although
modification of the existing MFW pump trip circuitry is not recommended,
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parallel circuits that close the MFW block valve (in series with the MFW
control valve) could significantly reduce SGC overfill frequency.

5.2.2 Loss of Steam Generator Cooling

The two loss of SG cooling transients are significant due to the coupled
loss of MFW and loss of automatically initiated EFW, In this case,
automatic initiation of EFW based on low SG level is recommended. It is
noted that 1E SG level transmitters are mounted on the SGs at Oconee but
are not used for EFW initiation.

5.3 APPLICABILITY OF RESULTS TO OTHER B&W INSTALLATIONS

Results to date have been based on a model of Oconee-! and are
therefore, in the first analysis, plant-specific for the three very
similar units at the Oconee Nuclear Station. Generic extensions of
these results to other B&W installations will depend primarily upon
balance-of-plant configurations at the other facilities, which in
general will show more variation than will the primary systems. In the
interest of generality of application, to the limited extent possible
other B&W-designed plants have been examined for those features that
have caused interest in certain transients at the Oconee installation.

One aspect of plant behavior developed in previous sections of this
report involves the overfill of a single SG, with subsequent possibility
of steam line flooding. In general, this scenario requires a failure
that initiates a FW overfeed, plus another condition that avoids a high
level MFW pump trip. 1In those cases where a failure of the high level
trip mechanism itself must be assumed, there can be significant
differences between BAW plants, For instance, in Oconee the high level
trip is a nonsafety system whereas at Davis-Besse the same trip is
safety grade, with the appropriate design and surveillance requirements
imposed by that designation. This type of consideration will affect
failure probability caleculations, and therefore probabilities calculated
for Oconee-1 should not be uncritically applied to another plant, The
newly deployed emergency feedwater initiation and control (EFIC) system
has already been installed in, or is planned for, Arkansas Nuclear
One-~1, Crystal River-3, SMUD, and Three Mile Island-1. Earlier versions
of EFIC had high level trips, but most of these have been removed
because of problems with noisy level transmitters. Because of these
plant-specific variaticns in high level trips, the exact situation in a
given plant must be assessed before an overfill probability can be
addressed. We have found no significant differences between plants in
their proneness to sensing line failures or in the amount or quality of
information available to their operators during overfill sequences,

Another evaluation addressed potentialities for dryout, At Oconee, if
both MFW pumps trip, the AFW starts automatically. AFW also starts in
response to low pressure in the MFW header. In contrast to Oconee,

plants using the EFIC add an AFW start on low SG level, In general, it
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appears a good idea to provide for such AFW actuation on low level, a
direct measurement of the variable at risk.

Other B&W plants have more or less diversity in equipment than Oconece.
(All of the AFW pumps presently at Davis-Besse, for example, are
steam-turbine driven; all other U.S. PWRs have at least one motor-driven
AFW pump.) Other plants also exhibit widely varying historical rates of
MFW loss and AFW failures as a function of routine operation. The
record of Oconee 1 FW problems was found to be much better than both the
B&W and other PWR averages (see Sect., 2.2). The evaluation of Oconee
thus provides a useful guide to safety implications of control in other
B&W plants and even, to some extent, in the PWRs of other manufacturers.
It obviously cannot be taken as a quantitative guide to such problems in
any other system.

The further question arises as to whether certain control system
problems precluded by Oconee's design and thereftore not found in our
study may nevertheless exist in other B&W plants of substantially
different design. The broad FMEA described in this report examines the
control systems that may affect safety in a truly broad generic sense.
The historical record was also examined for failures in all B&W plants.
There is thus a general basis for expecting that the broad systems and
issues of concern have been identified for the class of B&W plants as a
whole. Where potential problems were found in this broad approach, the
Oconee system was examined in an augmented, very plant-specific fashion
to verify and quantify the effects to be expected. While the results of
this augmented, simulator-aided study can be expected to give useful
insight for all B&W installations, it must be understocod the design
parameters used were rom the Oconee 1 plant, and that the results of
the augmented study can be applied to another plant only in the context
of an informed consideration of design differences that may alter
results.
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APPENDIX A

Detailed System Descriptions

Brief system descriptions are provided for each of the major control
systems identified in Sect. 2. Support systems (e.g., instrument air
and control systems) are discussed with each major system. The Oconee
final safety analysis report (FSAR) was the principal source of
information used to develop these system descriptions. (See Tables A.!
through A.14 at the end of this appendix.)

A.1 NUCLEAR SYSTEMS DESCRIPTIONS

Nuclear systems include the reactor core and those systems and
subsystems that monitor and control core reactivity, remove heat from
the core, and otherwise support safe operation of the reactor. The
major systems and subsystems identified in Sect. 2 are as follows:

NO1 - Reactor Core
NO4 - Reactor Coolant System
NO2 - Regulation Systems
NO. - Makeup and Purification System
Brief descriptions of these systems are provided in t)is section.

A.1.1 Reactor Core

The reactor core consists of 177 fuel assemblies supported within the
reactor vessel by internal grid plates., Fission of the slightly
enriched uranium in the core fuel assemblies produces thermal power,
which is ultimately used in the unit's main generator to produce
electric power.

The reactor core produces heat at a rate consistent with exterior
factors such as the density of the moderator (reactor coolant), the
concentration of boric acid in the coolant, and the position of control
rods in the core. Heat is removed from the core by pumping the reactor
coolant upward through the fuel assemblies. The rate of heat transfer
depends on the fuel temperatures, the reactor coolant temperatures, and
the coolant velocity.

Although the response of the core to external parameters is important to
a study of reactor coolant system overcooling or undercooling, a
detalled analysis of core failure mechanisms initiating a transient is
considered beyond the scope of this study. For purposes of this
analysis, the reactor core is assumed to be operating within technical
specification limits at the onset of externally initiated transients,
and to respond to external factors as designed.
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A.1.2 Reactor Coolant System

Together with the reactor core, the Oconee reactor coolant system (RCS)
constitutes a Babcock and Wilcox (B&W) designed nuclear steam supply
system (NSSS). The RCS consists of or is impacted by the following
major components of the reactor pressure boundary:

. A reactor vessel to house and support the reactor core.

2. Four reactor coolant pumps to circulate reactor coolant through the
reactor core and the steam generators (SGs).

3. A pressurizer to control RCS pressure and maintain the reactor
conlant in a subcooled state,

k. Two SGs to transfer heat from the reactor coolant and produce steam
to drive the plant turbines.

5. Sixty-nine control rod drive mechanisms to position the individual
control rods.

Reactor coolant is pumped from the SGs into the reactor vessel through
the four "cold-leg" inlet pipes. As the coolant flows upward through
the pipes, heat is transferred from the fuel elements to the coolant,
raising its temperature. The heated coolant flows from the reactor
vessel to each of the two SGs through one of two "hot-leg" outlet pipes.
Heat is transferred from the high temperature reactor coolant as it
flows downward through the tubes of the two SCs. The heat flowing
across the SG tube walls vaporizes and slightly supe-heats the feedwater
(FW) pumped into the shell side of the SGs to produce steam. The
reduced temperature reactor coolant then flows thruugh two pipes leading
from each SG, one to each of the four reactor coolant pumps.

The reactor vessel and connecting piping are safety-qualified passive-
pressure boundaries. Consideration of the failure of these pressure
boundaries is beyond the scope of this study. The functions of the
reactor coolant pumps, pressurizer, 50s, and associated equipment are
discussed helow.

A.1.2.1 Reactor Coolant Pumps. FEach reactor coolant loop contains two
vertical single-stage centriugal type pumps having a controlled leakage
seal assembly. Reactor coolant is pumped by the impeller attached to
the bottom of the rotor shaft. The coolant is drawn up through the
bottom of the impeller, is discharged through passages in the guide
vanes, and exits through a discharge in the side of the casing. The
impeller can be removed from the casing for maintenance or inspection
without removing the casing from the piping. All parts of the pumps in
contact witk the reactor coolant are constructed of austenitic stainless
steel or equivalent corrosion-resistant materials.
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The pump employs a primary, high-pressure-controlled leakage seal
assembly to restrict leakage along the pump shaft, as well as a
secondary high pressure seal to direct the contrsl.ed leakage out of the
pump. A low pressure vapor seal minimizes the lea“age of vapor from the
pump to the containmen: atmosphere.

A portion of the high pressure water flow “rom the high pressure
injection (HPI) pumps is injected into the reactor coolant pump between
the impeller and the controlled leakage seal. Part of the flow enters
the RCE through a labyrinth seal in the lower pump shaft to serve as a
buffer to keep reactor coolant from entering the upper portion of the
rump. The remainder of the injection water flows along the drive shaft,
through the controlled leakage seal, and finally out of the pump. The
small amount that leaks through the secondary seal is also collected and
removed from the pump.

Component cooling water is supplied to the thermal barrier cooling coil.
In the event seal injection from the HPI pumps stops, reactor coolant
will flow from the coolant system and through the thermal barrier
labyrinth seal. The temperature of the reactor coolant is reduced in
the labyrinth seal (thermal barrier cooling coil) prior to passing
through the controlled leakage seals.

The reactor coolant pump seals are designed to operate with either high
pressure seal injection flow, component cooling water flow, or both.

The reactor coolant pump motors are large, vertical, squirrel cage
Induction motors. They have flywheels to increase their rotational
inertia, thus prolonging pump coastdown and assuring a more gradual loss
of main coolant flow to the ccre in the event pump power is lost, The
flywheel i{s mounted on the upper end of the rotor, below the upper
radial bearing and inside the motor frame. An anti-reverse device is
included in the flywheel assembly to prevent reverse rotation in the
event of back flow. Prevention of back rotation also reduces motor
starting time.

The motors are enclosed with waiLer-to-air heat exchangers to provide a
closed-circuit air flow through the motor. Radial bearings are of the
floating pad type, and the thrust bearing is a doutle-acting Kingsbury
type designed to carry the full thrust of the pump. A high pressure oil
system with separate pumps is provided with each motor to jack and float
the rotating assembly before starting. Once started, the motor provides
its own o0il eirculation.

The bearing oil flows through a heat exchanger from wnich its heat is
rejected to the component cooling water flow. Loss of the component
cooling water flow will result in excessive oil temperature and possible
bearing failure in the long term (hours).
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Instrumentation (s provided to monjitor motor cooling, bearing
temperature, winding temperature, winding differential current, and

speed.

A.1.2.2 Pressurizer., The pressurizer in a pressurized water reactur
(PWR) coolant system (RCS) is a large tank containing saturated water
and steam. The pressurizer water space is connected to one of the
reactor outlet pipes (hot lsgs) by the surge line, which allows a flow
of water from or to the RCS during changes of reactor coolant specific
volume.

In addition to nroviding a surge volume, the pressurizer is used to
control RCS pressure and provide a rough indicatien of the reactor
coolant inventory. The pressure in the pressurizer (and in the RCS) is
controlled at a set point to maintain the reactor coolant in the RCS in
a subcooled state.

During transient reductions in the reactor coolant volume, both the
liquid level in the pressurizer and the RCS pressure tend to decrease.
The liquid level in the pressurizer is monitored, and a decrease below
the set point results in a control circuit automaticaliy increasing the
net flow rate to the RCS from the makeup and purification system (MU&P)
to restore the level to its set point. The RCS pressure is also
monitored, and a decrease results in a control circuit automatically
energizing the pressurizer electric resistance heaters (located in the
pressurizer water space). The heaters increase the temperature of the
saturated water in the pressurizer, which increases the RCS pressure.

During transient increases in reactor coolant volume, set-point values
will be reestablished by oprocesses inverse to those in the paragraph
above., U/ n increased pressurizer liquid level results in a decrease in
the net flow rate from the MULP system, and increassed RCS pressure
results in an increase in the flow rate from the reactor inlet (cold
leg) pipe to the pressurizer steam space through the spray line. The
subcooled water sprayed into the steam volume condenses some of the
steam, resulting in a decreased saturation temperature in the
pressurizer and decreased pressure in the RCS,

Transients causing a pressure increase beyond the control capacity of
pressurizer spray will result in the actuation of one or more of the
three relief valves mounted on the top of the pressurizer (steam space).
The pilot-operated relief valve (PORV) is opened by a control circuit if
the RCS pressure set point is exceeded. If the PORV does not limit the
pressure, the two spring-loaded code safety valves will open through
direct action of the steam pressure on the valve seats (no control
eircuit is required).

A.1.2.3 Control Rod Drive Mechanisms. The function of the control rod
drive mechanisms (CRDM) {s to position the control rods in the core
during power opera'ion and release the control rods in response to
reactor trip signals from the reactor protection system (RPS). The
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69 CRDMs are divided into 4 safety banks and 4 control banks. The
safety banks are hald completely out of the core during pcwer operation
and are released to fall into the core on a reactor trip signal or are
fully inserted into the core to achieve a controlled shutdown. The
control (regulating) banks are inserted or withdrawn sequentially to
decrease or increase reactor core power hy the control rod drive control
system (CRDCS) acting on Integrated Control System (ICS) insert oHr
withdraw signals., Upon an RPS trip signal, the control bank control
rods are released to fall into the core regardless of CRDCS or ICS
control signals.

Control rods are inserted or withdrawn from ‘he core by rotating an
engaged "roller nut" around the threwied control rod lead screw. The
roller nuts are both engaged and rotated in the desired direction by the
application of electric power to external coils. The sequenced
application of power is performed by the CRDCS in response to ICS
signals, and reactor trip is accomplished by deenergizing the CRDCS in
response to RPS signals. This deenergizes 2ach of the CRDM coils,
disengaging the roller nuts and allowing the control rods to fall into
the core,

Three failure modes can be postulated for the CRDM and associated CRDCS:
mispositioning the control rods in the core, failing to release the
control rods on demand, or spuriously releasing the control rods. Of
these, only the last is of interest to overcooling transients (i.e.,
decreasing RCS temperature, pressure, or inventory following reactor
trip). Mispositioning the control rods may, at most, result in a
reactor trip (release of all control rods). Failure to release one
control rod following a reactor trip signal is a design basis condition
analyzed in the Oconee FSAR accident analysis.' Failure to release more
than one control rod has been analyzed in the NRC "Anticipated
Transients Without Scram" Program and is beyond the scope of this study.
A spurious release of one or more control roda may, at most, result in a
reactor trip signal and release of all control rods.

Reactor trip is an expected condition in the context of the transients
considered in this study. Although malfunctions of the CRDM or CRDCS
can produce a reactor trip transient, reactdr trip itself is not a
transient of concern. This being so, detailed analysis of CRDM or CRDCS
malfunctions is not required in the study of overcooling transients.

A.1.3 Regulation Systems

The operation of the RCS and key interfacing systems is controlled by
three major instrumentation systems: CRDCS, Nonnuclear Instrumentation
(NNI) and ICS. The functions of these regulating systems are described
below.

A.1.3.1 Control Rod Drive Control System. The CRDCS applies power to
the CRDM motors to insert or withdraw the control rods in response to
commands from the control room manual control station or to automatic
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signals from the ICS during power operation. Additional CRDCS design
information is provided in ref. 2.

Upon reactor trip, which occurs during any major reactivity transient,
the CRDCS and CRDMs are deenergized ard cannot influence the course of
the subsequent transient. Therefore, CRDCS failure modes associated
with reactor trip are not analyzed in this program. However, failure of
the turbine trip auxiliary contacts located in the CRDCS cabinets is
considered in the evaluation of the turbine controls.

A.1.3.2 Nonnuclear Instrumentation. The NNI is a collection of process
instrument circuits used to measure, display, and alarm process
variables and provide process signals to the ICS. In addition, NNI
includes control circuits used to control process variables such as RCS
inventory (makeup flow rate control), RCS pressure (pressurizer spray,
heater, and relief valve control), and RC pump seal injection flow rate
control. The NNI is described in detail in refs. 1 and 2, and the NNI
control and measurement circui“s are analyzed in detail as part of the
analysis of fluid system-controlled components.

A.1.3.3 Intq;ratud Control System. The principal function of the ICS
is to develop coordinated control signals to regulate wmain feedwater
(MFW) flow rate, reactor power, and steam pressure during power
operation. Based on process parameter signals developed in the NNI, the
ICS develops signals to modulate the MFW control valves, turbine
throttle and turbine bypass valves, and control rod position to meet
existing electric power demand and RCS operating limits.

Following reactor and turbine trip, the ICS continues to modulate the

FW control valves to maintain the SG water level and the turbine bypass
valves to maintain steam line pressure. Either of these functions can
have significant influence on RCS overcooling, and for this reason the
ICS control eircuits are analyzed in detail as part of tre analysis of
“luid system-controlled components. The ICS functions and circuitry are
described in detail in refs, | and 2.

A.1.4 Makeup and Purification System

The functions performed by the Oconee HPI, coolant storage, coolant
treatnent, and chemical addition systems are sequ:ntial and
complementary. The equipment in these systems ha: been grouved into a
general MUAP system.

The MU&P system consists of the piping and process equipment raquired to
remove, process, and replace reactor coolant at the flow rates required
to maintain constant RCS coolant volume. The major functions performed
by the MU&P system are as follows:

1. Letdown control: Controlled removal of reactor coolant from the RCS
and reduction of coolant temperature and pressure at a preset flow
rate.
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2. Purification: Removal of impurities from the reactor coolant using
boric acid-saturated ion exchange resins.

3. Coolant processing and chemical addition: Recovery of concentrated
boric acid and demineralized water from letdown reactor coolant;
supply of demineralized (boric acid-free) water and concentrated
boric acid to adjust reactor coolant boric acid concentrations; and
supply of lithium hydroxide to control reactor coolant pH.

4. RC pump seal return: Collection, filtering, and cooling of coolant
flowing past the RC pump shaft face seals.

5. RC pump seal injection: Injection and filtering of processed
letdown coolant to the RC pump shaft seals at a constant flow rate,

0. RC makeup: Injection of processed letdown coolant to the RCS at a
flow rate controlled to maintain constant reactor coolant volume
(coolant pressurizer level),

In addition to the normal functions performed by the MU&P system,
portions of the system are used to provide emergency injection of
coolant following design basis plant accidents.

A.2 POWER CONVERSION SYSTEMS DESCRIPTIONS

The power conversion systems are designed to convert heat produced in
the reactor to electrical energy.

The superheated steam produced by the SGs is expanded through the high
pressure turbine and then reheated in the moisture separator reheaters.
The moisture separator section removes the moisture from the steam, and
the two-stage reheaters superheat the steam before it enters the low
pressure turbines, The steam then expands through the low pressure
turbines and is exhausted into the main condenser, where it is condensed
and returned to the cycle as condensate, The heat rejected in the main
condenser is removed by the condenser circulating water syatem.

The first-stage reheaters are supplied with steam from the A bleed steam
line, and the condensed steam is cascaded to the B FW heaters., The
second-stage reheaters are supplied with main steam, and the condensed
steam cascades to the A FW heaters., Heat for the FW heating cycle is
supplied by the moisture separator reheater drains and by steam from the
turbine extraction points.

The hotwell pumps take suction from the condenser hotwell and pump the
condensate through the condensate polishing demineralizers, Downstream
of the polishers, the condensate flows through the condensate coolers,
generator water coolers, hydrogen coolers, condenser steam air ejectors,
and the S.P.E, steam seal condenser to the suction of the condensate
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nucleate and film boiling regions. Mass inventory in the SG increases
with load as the lengths of the heat transfer regions vary. Changes in
temperature, pressure, and load conditions cause an adjustment in the
length of the individual heat transfer regions and result in a change in
inventory requirements. If the inventory is greater than required, the
pressure increases. Inventory is controlled automatically as a function
of load by the FW controls in the ICS.

In the event of MFW pump trip, the emergency feedwater (EFW) system
injects FW into the EFW spray header located near the top of the SG.
MFW flow also may be injected through the EFW header by valve
realignment, This action enhances natural circulation of reactor
coolant when the reactor coolant pumps are tripped or deenergized.

Figure A.1 is an outline sketch of the thermohydraulic aspects of the
PWR system of the Oconee plant, much of which would apply to any B&W

PWR system. Generally, the lower half of the diagram along with the
secondary sides of the SGs is the FW system. Feed comes from the
condensate, through the FW pumps, into a common header. It is then
split into loop A and loop B flow. Each loop contains a sizrtup valve
and a MFW valve in parallel. A flowmeter in the startup leg is
senxitive to low flows, and downstream beyond where the two legs come
together is a flowmeter i"eceiving the combined flow through both valves.
This meier may be relatively inaccurate at low flows,

A.2.2 Feedwater System

A.2.2.1 Operating Controls. Control of the FW system is provided
through MFW and startup valves and FW pump speed. The following
2ensed signals are sent to the ICS and there processed to produce
control signals for the FW system:

FW flow measures, both loops

Level indicators (startup and operating), both SGCs
FW temperature, both SGs

Temperature difference between cold legs in the primary system
Turbine header pressure signal

Neutron error signal

RC hot-leg temperature

RC flow

S5G outlet pressure

RC average temperature error

Pressure drops across FW valves

a—
= OOV ODIOWN &wWwn —
&  * 5 & & o w e 9

In maintaining total FW flow equal to total FW demand, the FW control
Subsystem manipulates two startup valves, two main valves, and two pumps.
The FW control includes the following considerations, each of which will
be discussed in detail (all references to points and blocks are on

Fig. A.2):
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the primary side of the once-through steam generator {OTSG) while
maintaining the desired exi® scnditicns. Thus, when FW temperature
varies from thal demanded by tne function g=nerator, a correction to the
total FW flow demand is applied., The cecrrection to the tetal FW demand
Is applied in sv2h a direction as to maintain the outlet SG temperatures
at the values desirad, modifving flow demand as a function of FW
temperature.

Cross limits with reactor: Cross limits are usea to maintain FW Tlow
percentage within 3 certain ratio of reactor power percentage (Blooks 31
through 3€). Whenever measured neutron power differs more than $% from
neutron power demand, a correction is made to increase or decrease IW
flow demand accordingly. For instance, if the neutron pewer error is
=7%, the cross limits will cause FW flow denand to be cecreased by 2%
(Blocks 23 and 34); if the neutrun pewer error is 6%, the cross limits
will cause FW flow demand to Le increased by 1% (Blocks 35 through 35).

T control to feedwater: Under certain conditions, the reactor

congrol subsystem cannot control reactor coclant average temperature
(Tayg)+. One such condition i3 when the reactor H/A station (s in manual.
When the reactor control subsystem cannot control Tayg. Tavg control is
transferred to the FW contrcl subsystem. When this occurs, the Tguy
error is operated on by a proportional plus integral controller (Point
C}, and the resulting feedback demand (s summed with the feedforward
total FW demand (Block 37).

Plant conditions that would prevent FW contreol from accepting the Tavg
control are (1) both SGs meating level limits, (2) either SG on a Bty
limit, or (3) both FW H/A master stations in manual.

Delta-T, control: To ensure uniform reactor iniet temperature
distribution, the FW control ratios the twe FW loop flows to maintain
the temperature of the reactor ccolant in cold leg A equal to the
temperature of the reactor coolant in cold leg B. This may be expressed
as Tcp = Tgg, or ATo = Tgp - Teg = O. Rationing FW flow between the two
SGs to control reactor inlet temperature is referred to as AT, control,.
Both reactor coolant cold-leg temperature measurements and reactor
coolant flow measurements are used in implementing reedback control of
ATo. A variable gain is modified by the AT, feedback control signals
and applied to loop A FW demand (Block 48). The loop A demand is then
subtracted from the total demand (Block 1) to ereate the loop B demand
modified by AT, feedback.

The AT, set point is normally entered as zero (Block i9). A
proportional gain, a calibrating integral, and high/low limiters operate
on the cold-leg temperature difference ATo error (Blocks 38 through 43).
Both the proportional and calibrating integral actions are blocked if
either FW loop H/A station is in manual or if either SG is on level
limit, The calibrating integral action only, and not the proportional
action, will be blocked i{f the megawatt electric demand is changing
faster than a specified rate or if a reactor coolant flow transient
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ex{ats. A AT, H/A statior (Block 4%4) may be used to replace the demand
ereéated by AT, feedback error with manual ratioing of FW flow demands.

There are Tour reactor coolant pumps, two operating in parallel in each
lcop. If an {mbalance in primary flcows through the SGs exists, as when
the number of reactor ccolant pumps running in each of the two primary
loops is not equal, AT, will deviate from zero unless the FW flows are
raticed properly. To aid in maintaining AT, equal to zero in this
sitnation, derivative and proportional control actions are used to
operate on the difference between reactcr coolant flows (Blocks U5 and
46, 50, and 51). Feedbacks due to AT, error and primary loop flow
imbalance are summed (Block 47) to create the variable gain applied to
1nop A FW demana {Block 4B),

Tota)l flow control: If reactor coolant flow error becomes greater than
108 (Point D), the total FW flow error passed through a proportional
plus integral ccntroller 18 used to medify each of the individual loop
demanda (Blocks 52 through 55). The effect of this controller is

. 28ified by conditions in the following manner: If both rzactor coolant
putips on one loop are tripped, the controller output is bled to 0% with
a §3-s Lime constant. If SC A is on low level control and SG B is on
manual contrel, the cutput of the total flow controller due to integral
action is heid constant. Tha same ocutput will occur if the roles of A
and ® are reversed as well as when both SGs are on low level control.

Btu iimits: To ensure steam with a minimum specified number of degrees
superheat [usually 19.4°C (35°F)], Btu limit calculations are
implemented. Btu limits are the maximum allowable FW flow demands for
each logp. A low auctioneer is used in implementing the Btu limits in
each loop (Blocks 56 through 57). FW flow demands higher than the Btu
1imit would result in the degrees superheat at the outlet of the SC
falling below the minimum specified.

Btu jimit caleulations 4re based on measurements of reactor coolant
flow, primary coclant %emperature at the reactor outlet, FW temperature,
and 5G outlet pressure (Blocks 58 through 70). These variables are used
to determine the amcunt of energy available from the SG at the desired
steam temperature, If the normal FW demands (Peints E and F) are
palling for tre removal of more energy from the SGs than is available
for “he desired steam temperature, the Btu limits override the normal

£ dermands .

f.2.2.2 WLevel Limits and Sensors: Low and high level limits are
imposed on the operation of the SGs. In high level limit control, a low
auctioneer is used to compare FW flow error against an appropriately
gairned operate level error signal, and the minimum error signal is
passed on to the valve control (Blocks 71 through 78). In low level
limit coatrol, a high auctioneer is used to compare FW flow error
against an appropristely gained startup level error signal, and the
maximum error signal is passed on to the valve control (Blocks 79
through 39).
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The blocking valve in the selected set (marked V in Fig. A.3), if
failed into a closed position during operation, will isolate the B-D
MFW AP cell from sensing any further pressure changes at the B-level
tap. The other side of the cell "sees" the water column from the

D level. This should remain essentially invariant until the water
level exceeds the D level. At that point the cell should "see" a
relative increase in the D over the B level, or, equivalently, a
decrease in the B under the D level. This should be interpreted as
a falling wate:r level, Hence, this failure also defeats the two
high-level protection systems.’®

2.3 High Level Main Feedwater Pump Trip Circuitry. Figure A.4 is a
Aigh

schematic diagram of the circuit transmitting SG high level sensed
signals to the high level MFW pump trip and alarm. The following
failures can place this system in an uniietected failed state.

1.

For purposes of high level MFW pump trip and high level alarm, the
signals from both B-D and B'-D' are .sed., The signals B-D and B'-D'
from SG A (Fig. A.3) go respectively -0 contacts 2A and 3A

(Fig. A.4); similarly, B-D and B'-D' 1rom SG B go to 2B and 3B.
Note that if either 2A or 3A is in a failed open condition, SG A
cannot cause a high level MFW pump trip. Trips from SG B are
similarly blocked if either 2B or 3B is failed open.
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Fig. A.4, Main feedwater pump high-lavel trip circuit.

2. If the relay FPTX is failcd open, all high level MFW pump trips
from whatever source are blocked,

The circuitry shown in Fig. A.Y4 is not part of the ICS. Hence, failures
within this circuitry will not fail protective features such as the high
level MFW control valve closure, which are operated from the ICS.

This circuitry is routinely tested during refueling.
A.2.2.4 Further Details of System Description. In order to follow the

scenario descriptions presented, some further understanding of system
detail is necessary.

1. The detectors on the SGs are considered to be level detectors but ,
in fact, are not; they are detectors of differential pressure. The
confusion is somewhat compounded because the low-level
instrumentation, at least, is calibrated to read differential
pressure in units of inches of water. The use of differential
pressure as a level indicator is straightforward when the
gravitational term is dominant. In an active flow region like the
SGs, which are two-phase flow devices, the flow terms are not only
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important--they dominate. The relation between level (if, indeed, a
level can be defined) and differential pressure is heavily flow
dependent. Hence, even if a differential pressure detector were
calibrated to some arbitrarily defined equivalent level during
normal operations, the strong flow variations that accompany many
transients would cause the calibration to be of no value during the
transient or other off-normal condition.

2. Discharge from the high-pressure turbine goes to a moisture
separator. When the liquid level indication in the moisture
separator exceeds a set point, the turbine trips automatically.
This is an approximate trip on low steam quality, although the set
point-quality relationship is probably power dependent.

3. Turbines of the kind that drive the MFW pumps are customarily
supplied by the manufacturer with built-in trips as protection
against excessive thrust or excessive vibration. These undesirable
mechanical conditions can be expected to be brought on by, among
other things, an excessively low steam quality. Hence, they may be
regarded roughly as steam-quality trips.

The kernel of B&W's ICS has three major loops coupling megawatt demand
with turbine, FW, and reactor control plus pressurizer controllers.
Simulation is complicated by feedforward signals, direct cross coupling
of loops, and many rate and magnitude limiters that restrict loop
functions or that reorganize portions of loops under prescribed
conditions. These nonlinearities are typically excited during
off-nominal or upset conditions. Since it is the intent of this study
to investigate such conditions, it was necessary to reproduce the ICS in
considerable detail.

A.2.3 Main Steam and Turbine Bypass System

Main steam is generated in the two SGs by FW absorbing heat from the
RCS. Main steam is conveyed to the turbine inlet valves by two lines,
one from each SG. A pressure equalization and steaw distribution header
is connected to each main steam line upstream of the turbine inlet
valves,

Eight spring-loaded safety valves are located on each main steam line (a
total of sixteen) to prevent overpressurization of the main steam system
under transient conditions. The valves, designated MS-1 through MS-16,
are designed to pass 105% of the design steam flow at a pressure not
exceeding 110% of the system design pressure (1050 psig).

The turbine bypass system (TBS) is designed to reduce steam line
pressure following large turbine load reductions by dumping main steam
directly to the main condenser. Two turbine bypass valves, MS-19 and
M5-22, release steam from the A steam line; valves MS-28 and MS-31
release steam from the B steam line to the main condenser shells. Steam
Supply piping from each turbine bypass header feeds the startup steam
header. Check valves are installed to prevent cross flow between the
main steam lines.
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High pressure steam supply piping provides steam for each MFW pump
turbine following main turbine trip, In addition to an isolation valve
in each line, the steam flow to each turbine is controlled by a governor
and stop valve separate from the governor and stop valves controlling
low pressure bleed steam flow. The high pressure governor and stop
valves are designated MS-41 and 40 and MS-44 and 43 for FW pump turbines
A and B respectively. In addition to the steam supply to FW pump
turbine B, the steam header from main steam line B supplies the three
condenser steam air ejectors.

Separate lines are installed to supply high pressure steam from the two
main steam lines to the two reheaters. The two main steam lines supply
the EFW pump turbine. Check valves are installed to prevent cross flow
between the main steam lines through the EFW pump turbine header.

Fach of the supply headers off the main steam lines can be isolated by
motor-driven isolation valves. Although not described, the branch steam
piping has numerous steam traps in operation to remove condensate and
normally isolated drain lines.

A.2.4 Turbine Generator System

The turbine generator system converts the thermal energy of steam
produced in the 3Gs into mechanical shaft power and then into electrical
energy. The Oconee turbine generator system normally is operated with
an electrical power output of 866 MW, but may be operated with reduced
power output when required. Each unit's turbine generator consists of a
tandem (single-shaft) arrangement of a double-flow high-pressure turbine
and three identical double-flow low pressure turbines driving a
direct-coupled generator at 1800 rpm.

Main steam from the SGs is directed to the high pressure turbine through
four parallel stop valves and four parallel control valves. After
expanding through the high pressure turbine, the exhaust steam passes
through external moisture separators and two-stage steam-to-steam shell
and tube type reheaters. Extraction steam from the high pressure
turbine is supplied to the first reheater stage tube bundle in each
reheater, and main steam is supplied to the' second reheater stage tube
bundle in each reheater. Reheated steam is admitted to the three low
pressure turbines and expands through the low pressure turbines to the
main condensers,

Part of the steam expanding through the turbines is extracted at
selected points (pressures) to heat the FW pumped to the SGs. The A
(highest pressure), B, and C FW heaters are supplied from the high
pressure turbine (or its exhaust). The A bleed line also supplies the
first-stage reheater. The D, E, and F FW heaters are supplied from the
low pressure turbines. The D bleed lines also supply the MFW pump
turbines during power operation.
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Turbine generator functions are monitored and controlled automatically
by the turbine control system (TCS). The TCS regulates the electric
power production rate of the turbine generator based on power demand
signals from the ICS. The TCS also includes redundant mechanical and
electrical trip devices to prevent excessive overspeed of the turbine
generator. Additional external trips are provided to ensure operation
within conditions that preclude damage to the turbine generator. A
standby manual control system is also provided for use if the automatic
control system is not available.

Based on turbine, generator, or condenser parameters exceeding limits,
or on loss of power to the turbine trip circuits or reactor trip
auxiliary contacts in the CRDCS, the TCS develops trip signals to
deenergize trip solencid valves., These valves depressurize turbine
hydraulic controls and result in closing the four high pressure turbine
stop valves, the four high pressure turbine governor valves, and the six
low pressure turbine intercept valves. In addition, low hydraulic
system pressure signals are sent to the RPS to trip the reactor upon
turbine trip.

A.2.5 Condenser

The condenser is designed to condense turbine exhaust steam for reuse in
the steam cycle. The condenser also serves as a collecting point for
various steam cycle vents and drains to conserve condensate from a
number of sources, all of which is stored in the condenser hotwell., The
condenser also serves as a heat sink for the TBS and is capable of
handling 25% of ~ated main steam flow. Rejected heat is removed from
the main conden by the condenser circulating water system.

The condenser consists of three surface type deaerating condenser
shells, with each shell condensing the exhaust steam from one of the
three low pressure turbines, The condenser shells are conventional
shell and tube design, with steam on the shell side and circulating
water in the tubes. A low pressure FW heater is mounted in the neck of
each of the three condenser shells. The combined hotwells of the three
condenser shells have a water storage capability equivalent to
approximately 10 min of full load operation (nominally 142,000 gallons).
The condenser provides for condensing steam, scavenging and removing
noncondensible gases, and deaerating the condensate. Impingement
baffles are provided to protect the tubes from incoming drains and steam
dumps.

The condenser can accept a bypass steam flow of ~18% of rated main steam
flow without exceeding the turbine high backpressure trip point with
design inlet circulating water temperature. This bypass steam dump to
the condenser is in addition to the normal duty expected.

The condenser evacuation subsystem is designed to remove noncondensible
gases and air inleakage from the steam space of the three shells of the
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main condenser. It consists of the condenser steam air ejector
Subsystem and the main vacuum subsystem.

The condenser steam air ejector (CSAE) subsystem consists of three CSAEs
per unit. Normally, each CSAE draws the noncondensible gases and water
vapor mixture from one cof the three main condenser shells to the first
air ejector stage. The mixture then flows to the intercondenser, where
it is cooled to condense the water vapor and motive steam. The second
air ejector stage draws the uncondensed portion of the cooled mixture
from the intercondenser and compresses it further. The compressed
mixture then passes through the aftercondenser, where it is cooled and
more water vapor and motive steam are condensed. The intercondenser
drains back to the main condenser, and the aftercondenser drains to the
condensate storage tank.

The main vacuum subsystem consists of three main vacuum pumps connected
to the condenser crossties on the CSAE subsystem to allow the main
vacuum pumps to evacuate the main condenser, the main turbine casing,
and the upper surge tanks during startup. These pumps are used only
during startup; normal operation requires the use of only the CSAE.

A.2.6 Condensate and Feedwater System

The condensate and feedwater system purifies, heats and pumps the
condensate from the condenser hotwells to the two SGs to complete the

steam-FW cycle.

Three hotwell pumps normally are in operation to pump the condensate
from the three condenser shell hotwells to the condensate booster pumps .
From the hotwell pumps, a portion of the condensate normally flows
through four of the five polishing demineralizers. The flow is
controlled by automatically regulating the pressure drop across the
demineralizer bypass valve (C-14), Ammonia and hydrazine are added to
the condensate downstream of the deminerali-~»s to control pH and reduce
oxygen concentration.

The condensate flows through the hydrogen coolers and generator water
coolers in parallel. Flow through the generator water and hydrogen
coolers is controlled automatically by bypass valve C-81 to regulate the
pressure drop across the coolers. The flow through the hydrogen coolers
is controlled independently by control valve C-58 to regulate hydrogen
temperature. The condensate flows through the three condenser steam air
ejector coolers to the suction of the condensate booster pumps.

Two of the three condensate booster pumps normally operate to pump the
condensate through the low pressure FW heaters to the MFW pumps. The
condensate is heated in four stages of low pressure FW heaters: F, E,
D, and C. Three parallel F heaters heat the condensate by condensing
steam from the three low pressure turbines. The E, D, and C heaters are
arranged in two parallel flow paths; the E and D heaters condense
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extraction steam from the low pressure turbine, and the C heaters
condense extraction steam from the high pressure turbine,

From the low-pressure heaters the condensate flows to the two MFW pumps.
The flow rate through the two FW pumps is controlled by the two MFW
control valves based on reactor/turbine demand. To increase the
efficiency of the pumps, the pressure drop across the FW control valves
is limited to 35 psi by regulating the speed of the FW pumps. Under
conditions of low flow demand with the control valves closing, the
increasing pressure drop is measured and the pump spced demand signal
from the ICS i{s reduced. The resulting lower pump speed results in a
decreased pressure drop across the valves. In addition to the pump
speed and FW flow rate controls, the minimum flow through each pump is
limited to ~2500 gpm to protect the pumps. Lower flow rates measured in
the pump suction lines result in automatic opening of the bypass valves
that divert FW from the pump discharge lines to the upper surge tank.

From the FW pumps, the water (which may at this point be termed FW)
flows through the two parallel B high pressure FW heaters and two
parallel A high pressure FW heaters. The FW is heated to its final
temperature in the FW heaters, which condense extraction steam from the
high pressure turbine. Downstream of the common line from the AFW
heaters, the flow divides into two lines that individually feed the two
SGs.

The equipment described above makes up the main flow path from the
condensers to the two MFW lines. However, the main flow rate pumped
from the condenser hotwells (normal fiow rate: 6.6 x 10® lbm/h) is
approximately one-half that delivered to the two SGs (normal flow rate:
11.3 x 10* 1bm/h). The balance of the flow is pumped into the
condensate and FW lines by the heater drain system., The extraction
steam condensed in the steam reheaters and the high and low pressure
FW heaters is collected and pumped into the condensate lines at points
of comparable temperature,

The heated FW flows to the two main SGs through the two MFW lines. The
flow rate in each normally is controlled by the FW control valves,
FDW-32 and FDW-41, which are positioned based on FW demand signals
developed in the ICS, At low flow conditions, the MFW control valves
and the MFW block valves, FDW-31 and FDW-40, located in series with the
control valves, are closed on automatic control signals from the ICS.
Under these conditions, the FW sources fcr the two SGs bypass the main
control and block valves, and are controlled by the two startup FW
control valves, FDW-35 and FDW-44, which are positioned based on
automatic control signals from the ICS. Downstream of the FW control
valves, the two FW lines penetrate the reactor building and inject the
FW into the SGs through the MFW ring headers.

As described above, the FW flow rate is controlled by ICS control
signals to the main and startup FW control valves. During power
operation, the FW flow rates to the two SGs are controlled principally
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to maintain constant and equal average reactor coolant temperatures in
the two reactor coolant loops over the range of power production rates
from ~15 to 100% full power. The control signals are modified as
functions of SG heat balances (Btu limits), the status of key plant
equipment (e.g., turbine trip, RC pump trip) and SG level limits. The
FW control valve demand signals are limited based on high SG level as
measured by pressure drops in the SG. Exceeding the high level control
limit in either SG will result in ICS-generated signals tripping the MFW

pumps ,

As reactor pcwer decreases below ~15% full power, the FW demand required
to maintain reactor coolant average temperature results in a SG level
less than the minimum level control limit., As a result, FW demand is
controlled to maintain the minimum SG level (~30 in.), allowing the
reactor coolant average temperature to decrease over the reactor power
range from 15 to 0% full power.

As FW demand decreases, the main control valves and then the startup
control valves will be closing. As the startup valves close to a
position more than 50% closed (based on measured valve positions),
signals will be generated to close the MFW block valves, These valves
are closed to prevent possible leakage through the main control valves
from interfering with control of the startup valves, The block valves
are opened automatically when the startup valves are positioned more
than 80% open.

Following reactor trip, the FW flow rate is controlled to maintain SGC
levels of ~30 in. with one or more RC pumps in ~peration. If all four
RC pumps are tripped, the ICS automatically increases the minimum level
set point to ~20 ft to maintain the desired rate of natural (convective)
circulation of reactor coolant through the core.

A.3 PROCESS AUXILIARY SYSTEMS
Process auxiliary systems include those systems and subsystems that
support the operation of the nuclear system and the power conversion
Systems. The major control systems are:

WO3 = Reactor building component ccoling water

WO4,.A - Condenser circulating water

WOU4.D - Recirculated cooling water

Brief descriptions of these systems are provided in the remainder of
this section.

A.3.1 Reactor Building Component Cooling Water

This system is designed to provide cooling water for various components
in the reactor building including the letdown coolers, reactor coolant
pump cooling jacket and seal coolers, quench tank cooler, and control
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rod drive cooling coils. The design cooling requirement for the system
is based on the maximum heat locads from these sources. The system
provides an additional barrier between high pressure reactor coolant and
service water to prevent an inadvertent release of activity.

Following is a brief functional description of the three major
components of the system.

1. Component Cooler. Each component cooler is designed for the total
system heat load for one reactor unit. Oconee 1 and 2 each have a
single component cooler with a shared common spare; Oconee 3 has two
coolers. The coolers reject the heat load to the low pressure
service water (LPSW) system.

2. Component Cooling Pumps. Each component cooling pump is designed to
deliver the necessary flows to the letdown coolers, reactor coolant
pump cooling jackets and seal coolers, quench tank cooler, and rod
drive cooling coils. Each unit has one operating pump and one
Spare,

3. Component Cooling Surge Tank. This tank allows for thermal
expansion and contraction of the water in the closed-loop system.
It also provides the required suction head for the component cooling
pumps .

During operation, one component cooling pump and one component cooler
recirculate and cool water to accommodate the system hcat loads for each
reactor unit. The component cooling surge tank accommodates expansion,
contraction, and leakage of coolant into or out of the system, The
surge tank also would provide a reservoir of component cocling water
until a leaking cooling line was isolated. Makeup water and corrosion-
inhibiting chemicals are added to the system in the surge tank.

A.3.2 Condenser Circulating Water (CCW)

The Little River arm of Lake Keowee is the source of water for the CCW
systems., Each unit has four CCW pumps supplying water via two 11-ft
conduits into a common condenser intake header beneath the turbine
building floor. The discharge from the condenser is returned to the
Keowee River arm of Lake Keowee,

The intake of the condenser circulating pumps extends below the maximum
drawdown of the lake. The intake structure is provided with screens
that can be removed manually for periodic¢ cleaning.

The CCW systems are designed to take advantage of the siphon effect so
that the pumps are required only to overcome pipe and condenser friction
loss. The siphon is initiated at startup by plant vacuum pumps and
sustained during operation by continuous-priming vacuum pumps.






A.4.2 System Description

The compressed air system at the Oconee Nuclear Station is one large,
integrated system that supplies instrument and service air to all three
units.

The compressed air system can be divided into four components:
instrument air supply, service air supply (which also serves as the
backup system for supplying instrument air), the instrument air
distribution network, and the service air distribution network. The
service air distribution network is of no interest to this study and
will not be considered further.

A.4.2,1 Instrument Air Supply. Figure A.5 shows schematically the
major components of the instrument air (IA) supply. Three Worthington
electric motor-driven compressors provide the normal source of

IA through three air intakes and silencers. Each compressor is powered
from a different 600-V ac motor control center. Compressors A and B
receive electric power from a Unit 1 motor control center, and
compressor C receives power from a Unit 2 motor control center. Each
compressor is rated at 489 scfm at 100 psig.

Each compressor can be placed in BASE, STANDBY No. 1, or STANDBY No. 2
operating mcde. In the BASE mode, when pressure decreases to 95 psig a
compressor will turia on; when the pressure reaches 100 psig, the
compressor will turn off. In the STANDBY No. 1 mode, the compressor
starts at 90 psig, again turning off at 100 psig. In STANDBY No. 2, the
set points are 85 and 100 psig. Depending on the amount of air leakage
and the system load, it may be necessary to run two or even all three
compressors in BASE to maintain 100 psig. All three compressors are
cross connected at their discharges and connected by 8-in. lines to
aftercoolers. Each compressor can be isolated by manual valves.

The IA system has two air compressor aftercoolers that cnol the
compressed air leaving the station air compressors. The aftercoolers
receive cooling water from the LPSW system.

From the aftercoolers, air passes to three 302-ft® air receivers that
serve as air storage tanks to dampen system pressure variations. Each
receiver is equipped with a safety relief valve that can arrest
excessive pressure increases in the system. The three receivers can be
cross connected or isolated at both their inlets and outlets by manual
valves. Three-inch lines pass from the receivers to the turbine
maintenance area.

After leaving the air receivers, air enters four interconnected air
dryers that d~y the air by means of electrically powered chillers. Both
inlet and outlet lines are 3 in., and each dryer can be isolated by
means of manual valves.

The compressors, aftercoolers, air receivers, and dryers described above
constitute the IA supply train. All of these components are located in
the basement of the turbine building between Units 1 and 2.



Nivyl)




138

A.4,2,2 Service Air Supply. The service air system provides compressed
air for miscellaneous uses at the station (i.e., tools, cleaning). The
service air supply subsystem also serves as a backup for I/A supply. An
air-operated valve (No. 1A-2324 in Fig. A.5) automatically connects the
service air system to the air receivers in the IA supply subsystem
whenever the IA pressure drops below 87 psig. Service air is supplied
by two Sullair electric motor-operated compressors, each with a capacity
of ~730 scfm at 100 psig. Power for each service air compressor and its
controller is supplied by a different Unit 3 600-V motor control center.
Both Sullair compressors are located in the Unit 3 turoine building.

A third Sullair compressor is available to the service air syatem. This
portable diesel-driven compressor is located outside in the vicinity of
the service air electric compressors. It is battery started and
connects to the service air outlet lines by a flexible hose and manual
valve, It has the same capacity as the other Sullair compressors,

~730 scfm at 100 psig. This compressor must be started, operated, and
connected locally.

A.%.2.2 Instrument Air Distribution Network. After exiting the air
dryers, IA passes through one of two 4-in. lines thal supply air to the
three units., Figure A.6 shows schematically the major interconnections
and block valves in the distribution network. This drawing is greatly
simplified, and all dead-end feeder lines have been eliminated since its
purpose here i{s solely to illustrate the interconnections of IA between
units. This drawing is from the Oconee "Plant Compressed Air
Procedure.""

A.4.,2.4 Alarms and Gauges. Each unit has an alarm for low IA pressure
at the auxiliary building header. The alarms are set at 90 psig
decreasing, and they print out on the alarm typer in addition to the
control room annunciator panel. In addition, Unit 1 has an alarm for
low IA pressure in the turbine building. This alarm prints on the alarm
typer and {s displayed as "IA System Trouble" on the Unit 1 annunciator
panel, This pressure switch is located on Column L-32 in the turbine
building. The alarm is tapped off the oulLlet of the air receivers at
the same location as the compressor pressure switches and is set at

80 psig decreasing.

Furthermore, there is a turbine bypass control air failure alarm on the
contrel room annunciator panel. This signa)l comes from the pressure
switch that closes the turbine bypass valves on loss »f air. This
pressure switch is set at 70 psig decreasing. In addition to the alarm
described above, each unit has a control room gauge to monitor auxiliary
building instrument air pressure. This gauge taps off the IA header at
the same location as the IA auxiliary building low air pressure alarm.
Also, Unit 1 has a gauge that measures air pressure at the compressor
air receiver outlet. It shares the tap with the compressor control
pressure switches and the turbine building low air pressure alarm.
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A.4.3 Loads That Use Instrument Air

The 1A distribution network provides air for operating valves and
instruments throughout the three Oconee units. The loads using
IA include the following (compiled from ref. 5 drawings):

primary coolant letdown system main steam

RC pump seal injection flow condensate

RC pump seal No. 1 leakoff and recirculating cooling water

bypass RB isolation valve low-pressure service water

pressurizer makeup high-pressure service watet

letdown storage tank auxiliary steam

coolant treatment chemical addition and sampling

coolant storage air-conditioning system

gaseous waste disposal high-pressure injection

demineral izer water high-pressure extraction (main

liquid waste disposal turbine)

reactor building purge system steam dump

component cooling heater drain

main feedwate vacuum (main turbine ccndenser)

emergency feedwater low-pressure extraction (main
turbine)

While all of the above loads use IA for normal, routine plant operation,
most of the systems can be operated satisfactorily in a manual mode
should valves and instruments malfunction as a result of IA failures.
Further, not all of the above systems have a direct input to plant
response and are therefore not necessary for control or mitigation of
plant transients.

A 4.4 Effects of Air System Failures

A.4.4.1 Systems and Instrumentation Required for Transient Mitigation.
The abnormal transient cperating guidelines (ATOG) for the Oconee
Nuclear Station® were studie< in an attempt to evaluate the effects of
loss of IA on the NSS. The ATOGS were prepared to assist in procedure
preparation and in training Oconee operators to cope with abnormal
transients (i.e., those that might jeopardize plant safety). This
review of ATOC has identified the following components and systems
believed to be of prime importance in dealing with abnormal transients:

1. Main feedwater system

2. Emergency feedwater system

3. Steam line components
*+ main steam safety valves
+ atmospheric exhaust valves
* turbine bypass valves

4., Emergency core cooling system
* makeup
« HPI
+ LPI
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manual , or hydraulic operators or, in the case of check valves, no
operators. It should be noted that only electric motor-operated or
check valves are used inside the reactor building.

In Chap. 5 of the Oconee FSAR,' Table 5, "Reactor Building Isolation
Va'*~ Information," lists the penetrations, valves, and actuators for
+5 building isolation system. In all cases, when a pneumatically
actuated valve is used by the ESFAS to affect building isolation, the
vaive fails closed on loss of air. Also, for all pneumatic valves
actuated by the bullding isolation system, the closed position is the
post accldnn' nye 'tion, and ean‘ valss j: @2 ;- . «ith position

¥ 3 (2t $pe i X : Viwnaiisae diagnosis.

A.4.7 Pneumatic System Dependence of Components fur RC Pressure Control
(PO _100A-1)

LI.7T.1 Pressurizer Heaters. Pressurizer heaters are used to add heat
Lo the RCS inventory, thus causing an increase . iLhe vo_ume of a given
mass of inventory. The increased volume causes compression of the steam
bubble jr. ¢+ o preasys’* ~ (hereby increasing primary pressure,

PUupsi Cpeteaion of the p"Cssurizer s A3 anke dapends oaly Vi the
000-¥ MEE 1n2en 8 e : ...cation; the pressurizer %“eaters
do not derend dxrectly on the instru'en» alr system.

A.4.7.2 Pressurizer Spray. Pressurizer spray at Oconee 1 is
accomplished by opening two electrically operated valves in the spray
line that connects RC pump IBI with the pressurizer spray nozzle.
Proper operatior of pressurize spray depends only upon operation of RC
pump IBI, opening of the spray valve and the spray block valve, and
operation of RC pressure instrumentation.

A.4.7.3 Pilot-Operated Relief Valve (PORV). The PORV can be used to
relieve excess RC pressure during certain abnormal transients that
result in insufficient primary-to-secondary heat transfer. The PORV is
electrically actuated and is independent of IA.

A.4.7.4 Reactor Coolant Pumps. The RC pumps (Chap. 4, Oconee FSAK')
are mounted in the cold-leg RCS piping and circulate water to remove
heat from the reactor core. Proper operation of the RC pumps requires
13,800 V ac power, LPSW for motor and pump cooling and for oil cooling,
HPI for seal injection, and various instrumentation and control circuits
as necessary to monitor pump performance; however, the RC pumps do not
appear to depend directly on the IA system.

A.4.8 Conclusions

Based upon the survey of the IA system described above, the following
conclusions were reached:
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The Oconee Nuclear Station has one large, integrated IA system for
all three units. This interconnection makes it quite possible that
simul ;aneous, quite involved transients could be induced in more than
one Oconee unit by IA malfunctions.

Because of heavy dependence of the MFW, condensate, and heater drain

systems on pneumatic valves and instrumentation, IA malfunctions are

expected to cause substantial MFW upsets, perhaps culminating in loss
ofi MFW. Also, malfunction in the IA system conceivably can result in
MFY oveirfeed. Further, IA malfunctions in the MFW system can render

the system inoperable without substantial operator manual actions.

Normal operation of the EFW system is dependent upon a continuous
supply of IA. A backup supply has been provided to allow continuous
air in the event of loss of IA; however, the reliability of the
backup scheme is questionable.

Normal operation of the turbine bypass valves to control SG pressure
after reactor trip is quite dependent upon IA availability. Without
adequate IA pressure, SC pressurc must be controlled by an operator
locally throttling the atmospheric exhaust valves.

The drawings associatea with the IA system are difficult to follow.

Study of the information and drawings on the IA system provided by
Duke Power Company did not reveal any design features in the system
that act to isolate nonessential IA lines on low system pressure.
This implies that a fault anywhere in the IA system cculd affect
pressure in the entire system.



Table A.1. Oconee nuclear systems (Nxx)

System ID System Name

NO1 Reactor Core

NO2 Regulation Systems

NO2.A Control Rod Drive Control System

NO2.B Integrated Control System

N02.C Non-Nuclear Instrumentation System

NO3 Incore Monitoring System

NOY Reactor Coolant System (including reactor vessel and
internals)

NO4. A Pressurizer

NO4.B Steam Generator

NO4.C Reactor Coolant Pumps

NO4.D Control Rod Drive System

NOS Makeup and Purification Systr s

NOS. A Chemical Addition and Sampling System

NOS.B Coolant Storage System

NO5.C Coclant Treatment System

NOS.D Post-Accident Sampling System

NOS.E High Pressure Injection System

NO6 Low Pressure Injection System

NOT7 Reactor Protective System

Nuclear Instrumentation System




Systes

Enginesred Sefeguards Protective Cystoa
High Presgure Safely Injecticn System
Low Pressure Safely Injection System
sre Flood System
Buildting Spray System
Building Easrgency Cooling
Building Femetrati
Reactor Building [eclation
Controy Poom Pabitability Sybtes

Emergency Fesdwiler Systeqm

Emergency Feedwater Zontrol Systen

Regctor Buildiag/Contalmmen: and Pef:trétlionas

Fesctor Building Hydroger Plurge Systee

Psactor Building Vertilation Srslien




Table A.4. Oconee electrical systems (Exx)

System ID System Name
S Main Power System
BO2 Plant AC Distribution System
EC2.4 Essential Power System
E02.% Nonessential Power System
EC3 Instrumentation and Control Power Systems
£03.4 DC Power Systea
o Vital OC Power Subsystem
6 Plant DU Fower Subsystesm
£03.5 instrument AC Power System
¢ Vitai Instrument AC Power Subsystea
o Flant Instrument AC Power Subaystem
EnA Emergency Diesel Generator Power System
ELS Plant Lightning System
ENG Plant Computer
BT Switchyard
fable A.5. Geonee power converslion systems (Pxx)
e - e
fystem ID System Nauwe
i ot - —_— -
L) Main Stéam and Turbins Evpass Systes
062 Turbine Generator System
PU2.A Turbizie Gland Seal Subsystem
FC3 Main Condenser Jysten
PO3.a Miin Cendenser Rvacuation System
P04 Condensate and Feclwater Syscem
Fo4.2 fendensate Cieanup Syatem
Pas Auxiliary Steam Syatem




Sjystem 11 System Name

WO i Radicactive Waste System

WO Radiation Monitoring System

W03 Reactor Building Component Cooling Water System
Wo4 Cooling Water Systems

WOH4. A ondenser Circulating Water (CCW) System
WOo4.B High Pressure Service Water (HPSW) System
WOoa.C Low Pressure Service Water (LPSW) System
wWo4 .l Recirculated Cooling Water (RCW) Systea
WO Fuel Storage and Handling Systeam

W05, A New Fuel Storage System

W05.B pent Fuel Storage System

W05 Spent Fuel Poo. Cooling System

wWO5.1 Fuel Handling System

WOE Auxiliary Service Water System

w07 ompressed Air System

wO7.A lervice Air System

wWOT7.B Instrument Air System

WOH Plant Gas System




Table A.7. Oconee plant auxiliary systems (Xxx)

System 1D System Name

Xo01 Potable and Sanitary Water System

X02 Fire Protection Sysiem

X03 Communications System

Xo4 Security System

X0% Heating, Ventilating, and Air Conditioning Systems
X05.A Turbine Building Ventilation System
X05.B Reactor Building Purge System

X05.C Auxiliary Building Ventilation System
X05.D Spent Fuel Ventilation System

X05.E Reactor Building Cooling System

X06

Non-Radiocactive Waste System



Table A.B. Oconee SICS systems list

Systes ID System Name

NO2.B Integrated Control System

NO2.C Non-Nuclear Instrumentation System

NO3 Incore Monitoring System

NO& Reactor Coolant System (including reactor vessel and
internals)

NOL, A Pressuriz.r

NO4.E Steam Generator

NO4 . C Reactor Coolant Pumps

NCS Makeup and Purification Systems

NCE. A Themicsl Addition and Sampling System

NOS.B Coonlant Storage System

NOS.C Coolant Treatment System

Co3 Reactor Building Ventilation System

PO1 Main Steam and Turbine Bypass System

PG2 Turbine Cenerator System

P03 Main Condenser System

PON Condensate and Feedwater System

POS Auxiliary Steam System

W Radiocactive Waste System

Radiation Monitoring System

wWO3 Reactor Builcing Component Cooling Water System
WOb ., A Condenser Circulating Water (CCW) System
WO4.D Recirculated Cooling Water (RCW) System

VOS5 Fuel Storage and Handling System




System Name

Auxiliary Service Water System
Compressed Air System
Plant GCas System

Potable and Sanitary Water System

Heating, Ventilating, and Air

Non-Radiocactive Waste System




Table A.9.

First order reactor coolant system interfaces

Systea 1D Oconee System Name Criteria for Elimination

NO2.C Non-Nuclear Instrumentation Selected for analysis

NO3 Incore Monitoring Signals not used for plant
contrel

NO4 Reactor Coolant System Selected for analysis

NOS Makeup and Purificaticn Selected for analysis

P01 Main Steam and Turbine Bypass Selected for analysis

PO4 Condensate and Feedwater Selected for analysis

W01 Radicactive Waste System Waste systems isolated
from RCS during plant
operation

w03 Reactor Building Component Cooling Selected for analysis

Water



Table A.10. Se~ond order reactor coolant system interfaces

Seocond
Order
System
ID System Name

Criteria for Elimination

N02.B Integrated Control System (ICS)

w01 Radicactive Waste System

Radicactive Waste Syastem

Instrument Air System
Integrated Control System
Turbine-Cenerator System

Auxiliary Steam System

Instrument Air System
Integrated Control System
Main Condenser

Condensate Cleanup System
Instrument Air System

Condenser Circulating Water

Selected for analysis

System to be analyzed to
the extent failures can
impact the non-nuclear
instrumentation functions

System to be analyzed to
the extent failures can
impact the makeup and
purification system
functions

Selected for analysis
Selected for analysis
Selected for analysis

Operates during shutdown
only. Interface with main
steam system considered

Selected for analysis
Selected for analysis
Selected for analysis
Selected for analysis
Selected for analysis

To the extent the
condenser circulating
water system interfaces
with the reactor building
component cooling
function, it is a passive
safety system. System to
be analyzed to the extent
failures can impact the
reactor building cooling
water system function




Table A.11,
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Oconee 1 systems not selected for analysis

Systeam ID

System Name

Potential Impact on RCS

NO3

m5.c

mﬁ-b

NOS.F

NO6&

NOT

NOS

502

Incore Monitoring System

Coolant Treatment System

Post-Accident Sampling
System

Low Pressure Injection

System

Reactor Protective System

Nuclear Instrumentation
System

Emergency Feedwater Control
System

Engineered Safeguards
Protective System

High Pressure Safety
Injection System

Provided for operator !nformation
only. However, high core tem-
perature may induce operator to
trip the reactor and initiate High
Pressure Safety Injection (S02), a
safety system. No other impact on
RCS overcooling is apoarent.

Processes coolant stored in the
Coolant Storage System producing
demineral ized water and boric acid
solution which also is stored in
the Coolant Storage Systen
(NO5.B). No impact on RCS
apparent,

System orly operates in the post-
accident, RCS shutdown mode. No
impact on RCS apparent.

This system {2 a safety system
used only to remove core decay
heat in an RCS shutdown mode below
300°F and 300 psi.

System is a safety system used to
initiate reactor trip and has no
impact on post trip response.

System provides signals to regu~-
late plant power generation.
Although the system may induce
spuricus reactor trip, it has no
impact on post-trip response.

System potentially may have a sig-
nificant impact on RCS but it is a
safety system and beyond the scope
of this study.

Engineered safeguards systems may
have significant impacts on RCS
but are safety systems and beyond
the scope of this study.
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Table A.11. (continued)

System ID

System Name

Potential Impact on RCS

503

S04
505

506

507

S08

S09

co1

co2

co3

Low Pressure Safety
Injection System

Core Flood System

Reactor Building Spray
System

Reactor Building Emergency
Cooling System

Reactor Building Penetration
Room Ventilation System

Reactor Building Isolation
System

Control Room Habitability
System

Reactor Building/Contaimment
and Penetrations

Reactor Building Hydrogen
Purge System

Reactor Building Ventilation
System

The function of the contaimnment is
to prevent release of radiocactivi-
ty to the environment following
accidents., The effects of cone-
tainment pressure boundary valves
on RCS are considered in the
analysis for the systems selected
for analysis.

The function of the hydrogen purge
system is to prevent hydrogen con-
centrations in the containment
from reaching explosive levels.
The effects of hydrogen explosives
are beyond the scope of the study.
No other impacts on RCS apparent.

Failure of this system could re-
sult in high reactor building
temperatures, Adverse environ-
mental conditions could contribute
to components in the reactor
building. However, the specific
impacts of adverse operating
environments are beyond the scope
of this study.
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Table A.11.

(continued)

System ID

System Name

Potential Impact on RCS

mz.‘

PO3. A

POS

P06

wo1

Turbine Gland Seal Subsystea

Main Condenser Evacuation
System

Emergency Feedwater System

Auxiliary Steam System

Radioactive Waste System

The gland seal system is designed
to prevent air in-leakage to the
turbines and condenser. During
power operation, failure of the
system may result in turbine trip.
Following turbine trip, the system
requires steam from the main steam
system via the startup steam
header (see Auxiliary Steam
System, P0O6). No other potential
impacts on RCS are apparent.

The function of the evacuation
system is to remove non-condensi-
ble gases from the condenser.
Failure of the system may result
in turbine trip; however, no major
impacts on RCS are apparent.

The emergency feedwater system may
have significant impact on RCS,
However, this system is a safety
system and beyond the scope of
this program.

During startup and shutdown opera-
tions, the Auxiliary Steam System
provides steam to selected compo-
nents from the startup steam
header or the auxiliary boiler.
Failure to provide steam to re-
quired components is addressed in
the analyses of the selected
systems. The interface with the
main steam system (PO1) {s
addressed in the analysis of the
main steam system. No other
potential impacts on RCS are
apparent.

The radiocactive waste system cole-
lects and processes radioactive
materials prior to reuse or dispo-
sal. Interfaces with the RCS are
isolated during operation. Wo
impacts on RCE are apparant,



Table A.11.

(continued)

System ID

System Name

Potential Impact on RCS

wo2

Wo4.B

wWo4,C

wWO5

WOT, A

WO 8

Radiation Monitoring System

High Pressure Service
Water (HPSW) System

Low Pressure Service
Water (LPSW) System

Fuel Storage and Handling
System

New Fuel Storage System
Spent Fuel Storage System

Spent Fuel Pool Cooling
System

Fuel Handling System

Auxiliary Service Water
Systenm

Service Air System

Plant Gas System

The radiative monitoring system
detects the release of radio-
activity. No impacts on RCS are
apparent,

The HPSW is a safety system
designed to supress plant fires
and serve as a backup to the LPSW.
No impacts on RCS are apparent,

The LPSW is required toc support
the operation of safety systems.
As a safety system, {ts analysis
is beyond the scope of this
program.

The fuel storage and handling
system have no interface with the
RCS or RCS support systems except
during refueling shutdown
operations, As such, no impact on
RCS is possible,

The auxiliary service water system
is manually placed in operation
following a postulated concurrent
failure of the main and emergency
feedwater systems and the decay
heat removal system, No impacts
on RCS are apparent,
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Table A.11,

(continued)

System ID System Name Potential Impact on RCS
X01 Potable and Sanitary Water These plant auxiliary systems have |
System no interface with the RCS or RCS |
support systems. Potential
effects of severe operating |
environment on the operation of |
plant equipments are beyond the
scope of this study.
X02 Fire Protection System
X03 Communications System
Xou Security System
X05 Heating, Ventilating, and
Air Conditioning Systema
X05.A Turbine Building
Ventilation System
X05.B Reactor Building Purge
System
%05.C Auxiliary Building
Ventilation System
X05.D Spent Fuel Ventilation
System
X06 Non-Radiocactive Waste System



Table A.12. Miscellaneocus non-reactor accidents

FSAR Section Transient

15.10 Waste Gas Tank Rupture Accident

15.11 Fuel Handling Accidents

Tabie A.13. Accidents terminated by reactor trip

FSAR Section Transient

15.1 Uncompensated Operating Reactivity Changes
15.2 Startup Accidents

15.3 Rod Withdrawal Accidents al Rated Power
15.4 Moderator Dilution Accidents

15.5 Cold Water Accidents

15.6 Control Rod Misalignment Accidents

Table A.14, Accidents exhibiting significant post trip
transient behavior

FSAR Section Transient

15.6 Loss of Coolant Flow Accidents

15.8 Loss of Electric Power Accidents

15.9 Steam Cenerator Tube Rupture Accidents
15.12 Rod Ejectior Accident

15.13 Steam Line Break Accident

15.14 Loss of Coolant Accidents

15.15 Maximum Hypothetical Accident

15.16 Post Accident Hydrogen Control
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APPENDIX B

Failure Modes and Effects Analyses (FMEA)

B.1 FMEA OBJECTIVES AND METHODOLOGY

8.1.1 Objectives

The objective of performing FMEAs on the control systems selected in
Sect. 2 is to identify failure modes whose effects have potential safety
implications for Oconee Unit 1. The basis for choosing a FMEA
methodology and the application of this methodology to the Safety
Implications of Control System (SICS) Program is discussed in

Sect. B.1.2,

Once a system's failure modes and their effects are tabulated, the
effects that may contribute to accident sequences of concern can be
identified., These failure modes can then be combined with other
initiating events or other equipment failures to assess their safety
implication in the context of accident sequences. The sequence
development methodology is discussed in Sect. B.1.3.

B.1.2 Selection and Application of Methodology

In general, two systems failure analysis methodologies are available to
analyze the relationship of failures and their effects: "top-down"
methods such as fault trees, and "bottom-up" methods such as FMEA. Each
method has its advantages, depending on the analysis objective, and the
reasons for selecting the FMEA methodology are discussed below. It
should be noted that these two analysis methods offer different insights
into system failures and often are used together,

Top-down methods typically are used when a system failure state is known
and the combinations of failed components producing this failed state
are desired (e.g., define the combinations of failed components of a
fluid system resulting in a system flow rate of less tnan 500 gpm).
Since the method yields a complete .isting of failures resulting in a
particular failed state, it is particularly useful in asseszsing the
probability of that failed state.

lhe FMEA method, in contrast, proceeds from the opposite direction:
given a set of equipment, define the failure modes and evaluate the
effects of each., FMEAs typi-ally are used to find undesirable failure
modes of systems in which the particular failure modes are not known on
some other basis. FMEAs are useful in a analyzing a limited scope of
equipment in detail, but they will not necessarily identify all
combinations of failures leading to any of the effects identified and,
as such, cannot be used directly to assess the probabilities of effects
uniess other methods such as fault trees are used in conjunction with

then.

—
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The SICS Program is characterized by an equipment scope limited to
control systems and, beyond being adverse to plant safety, a lack of
specified control system failure modes. As such, the FMEA was chosen as
the principal systems failure analysis method. Fault trees are used in
the SICS Program to evaluate the probabilites of selected system failure
modes of significance once they are identified (see Sect. 3). In
addition, it is recognized that due to federal design requirements for
nuclear power plants and extensive regulatory design review, control
system failure modes with safety significance are expected to be subtle.
The FMEA method is expected to be particularly useful in the
identification of subtle failure modes.

FMEAs are applied to develop a listing of all credible system component
fallures and their direct and indirect effects. The analysis begins
with a complete listing of a system major components (i.e., valves,
pumps, transmitters, eto.) and the possible failure modes of each (a
valve can fail completely open, completely closed or in an "as is" or
intermediate position). Three aspects of the failure mode are then
evaluated and listed: possible causes of the failure, its direct ana
indirect effects, and possible remedial actions. Failure causes are
useful in evaluating the potential for coupled failures (more than one
failure mode resulting from a single initiating failure)., Effects of
the failure mode include both direct and indirect effects. For
instance, the direct effect of a valve closure could be a complete loss
of fluid flow. Indirect effects might include consequential failure of
components in other systems. Remedial actions are evaluated and listed
to aid in the evaluation of consequences. The availability of actions
mitigating the effects of a fallure mode generally tend to reduce the
importance of that failure mode. On the other hand, effects that cannot
be mitigated readily are of relatively greater importance.

The compiled list of the fallure modes and their effects on the systems
selected for component level FMEA typicaily is very large, presenting in
detail all fallure modes and not only those with potential safety
implications, The tabulated effects of the FMEAS must be screened to
ldentify the failure modes of pnten.ial safety significance.

Four principal criteria were used to identify and separately list those
effects and their failure causes having potential safety implications:

1. potential for the failure mode to initiate or contribute to SG
overfill.

2. potential for the failure mode to initiate or contribute to
inadeqguate core cooling (RCS undercooling).

3. potential for the failure mode to initiate or contribute to RCS
overcooling.

4. potential to affect recovery from design basis accidents,
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In addition to the above criteria, the effects were evaluated to
ldentify potentially significant effects not specifically addressed in
the principal evaluation criteria.

Identifying and listing potentially significant failure modes provides a
basis for development and evaluation of possible accident sequences
incorporating the failure modes, The accident sequence development
methodology is discussed in Sect, B.1.3.

B.1.3 Accident Sequence Development Methodology

A particular failure mode leading direc.ly to an unmitigated accident
would be a significant event, However, in addition to this unexpected
class of events, control system failures would be considered significant
to the extent that they may contribute to unmitigated accident sequences
in conjunction with other postulated failures.

Evaluation of the safety significance of control system failures
required development of accident sequences and incorporation of the
control system failures into these sequences., Significant accident
sequences were developed using "event tree" r.presentation of an
accident-initiating event and the subsequent success or failure
operating states of required mitigating systems. An accident sequence
Is defined in the event tree as the initiating event and a unique
combination of the operating states of the mitigating systems,

The event trees are then evaluated to assess the potential contribution
of control system failures to unsafe or undefined plant states. Event
trees involving control system actions with potential safety
implications were selected based on the following criteria:

1. The existence of successful control system action required to
achieve a safe plant state (or control system failures leading to
potentially unsafe or undefined plant states).

2. The existence of control system fajlures requiring an operator
action to achieve a safe plant state,

3. The existence of "as designed" control system actions potentially
leading to unsafe conditions for which no safety system mitigation
is available,

e e
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Table B.2.1.

FMER of the main steam and turbine bypass systea

Tailure Mode

Poient jal Causes

Eftect on Plant

remedial Actions

Main Steam
satety Valves
RS-1 through i€

Furbine Bypass
Valve: «5-19, 22

T.abine Bypane
Valves M5-28, 31

Turbine Bypass
Valve ns-19, 22,
28, 3t

One valve fa.ls
spen

Dvie valve faile
to opern o Cemand

One or bo'h
vaives Ooper #nd
remai» open

Une or both
velves open and
Tematn open

Nechpanical failure,

valve fails to close
etely followine

tuckive trip.

Mechanicail failuste,

Inetrumentation failare,
valve fails to close
following turpine trip

instcumentation failure,
valve fails to close
following turbine trip

Inetrumentation or valve
tailure, Instrusent air
fatiure,

fteam leakage to atmosphere
- possible eifects bounded

by 2 vaive failing completely

open which would regult in
potential overcooling of the
RCE and ¢ ice & forced
piant shut .

Minor incieade in peak steam
pressure following turbime
teip.

Stean diverted to condenser
- ng on response of
tutbine cintrole and
condenser couid cause
automatic turbine and
feactor trip and potential
overcooling ef the RCS,

Steaa diverted to rondenser
« depending on respohee of
turbine controles and
condenser could cause
sutogatic turbine and
reactor trip and potential
overcooaling of the RCS.

Poseible chalilenge to main
#tean safety valves.

initiate plant shutdown,
Isolation of tesdwater to
affected steam generator
may be tequired to prevent
exceeding RCS cooldown rate
limir (100°F/hy).

xmuz closed valve and
tepair following shutdown.

Identify open valve and
manualiy close TRV or
manually close ieclation
valve M§-17,

Identify open valve and
manually close TBV of
mancally clese isolation
valve ME-26.

Identify closed valve,
manually operate if
required and repair
following shutdown.
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Table B.2.1.

(continued)

Component

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

FW Pump Turbine A
Isclation Valve
N5-35

FW Pump Turbine B
Stop and Governor
Valves MS-43, 44

FW Pump Turbine B
Isolation Valve
MS-36

Valve fails to
open on demand

Valve fails to
close on demand

Valve spuriously
closes

Valves open
spuriously

Valve fails to
open on demand

Valve fails to
close on demand

Instrumentation or valve
operator faflure.

Instrumentation, electric
power or valve failure.

Instrumentation failure,
maintenance error.

Instrumentation or valve
operator failure.

Instrumentation or valve
operator failure,

Instrumentation, electric
power or valve failure,

FW pump A inoperability
following turbine trip.
Feedwater supplied by othc~
FW pump.

Minor inpact, line remains
pressurized.

Isolation of high pressure
steam supply to PW pump
turbine A. PFollowing turbine
trip, FW pump A will be
inoperable,

Possible FW Pump B trip on
overspeed and plant runback
and/or trip.

FW pump B inoperability
following turbine trip.
Feedwater supplied by other
FW pump.

Minor inpact, line remains
pressurized,

Identify closed valve and
repair following shutdown.

Identify open valve and
repair following shutdown,

Identify closed valve and
manually reopen, if
possible. An alternate
supply of . team may be
provided from the startup
steam header.

Close isolation valve MS-136
and repair failure.

Provide steam supply to
condenser steam air
ejectors via startup
header.

Identify closed valve and
repair following shutdown,

identify open valve and
repair following shutdown.
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Table B.2.1.

(continued)

Component

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

Condenser Steam
Aflr Ejector and

MFW Pump Turbine B

Steam Supply
Isolatjion Valve
ns-36

™ Pump Turbine
Exhaust vValve
M5-98, 100

Emergency FW Pump
Turbine Steam
Supply Isolation
Valve NMS-82
and/or B4

Condenser Steam
Air Ejector
Supply Isolation
Valve MS-47

Condenser 3Steam
Air Ejector
Control Valves
Ms-50, 59, 68

Valve spuriously
closes

Valve closes
gpuriously

Valve spuriously
closes

Valve closes
spuriously

Valve closes
spuriously

Instrumentation failure,
maintenance error.

Instrumentation,
maintenance failure.

Instrumentation failure,
maintenance error.

Instrumentation,
maintenance failure.

Instrumentation or
valve operator failure,

Isclation of steam supply to
condenser steam air ejectors
A, B, and C, emergency air
ejector and high pressure
supply to FW pump turbine B.
Loss of cteam air ejectors
eventually may cause a
turbine trip and subsequently
loss of MF Pump B.

Trip of FW pump and plant
runback and/or trip.

Possible isolation of high
pressure steam supply to
emergency FW pump turbine A,
Closure of one valve has no
effect on emergency FW pump
turbine operability; closure
of both valves will result
in pump inoperability.

Isclation of steam supply to
Air Ejectors A, B, and C
eventually may cause tucrbine
trip.

Loss of one of t.ree air
ejectors not expected to
result in turbine trip.

ldentify closed valve and
manually open if possible.
An alternate supply of
steam may be provided from
the startup steam header.

Repair failure.

Identify closed valve and
manually reopen.

Identify closed valve and
manually reopen.
Alternatively, emergency
steam 3ir ejectors may be
used or steam supplied from
startup steam header.

Repair failure.
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Table B.2.2.

FMEA of the main turbine generator system:

turbine to feedwater heaters

and feedwater pump turbines, HP turbines to steam reheaters, reheaters to LD turbines

Com-onent

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

HP Turbine Stop
or Control Valve
S7~1, 2, 3, &,
-1, 2, 3, 4

LP Turbine Steam
Control Valves
Crv-1, 2, 3, 4, 5,
6

MW Pump Turbine
Steam Supply
Isclarion Valve
LPE~12

One or moge valves
spuricusly close

One ~* Kore stop
valves and one o
more control
valves fail te
close on demand

Valve spuriously
closes

Valve fails to
close on turbiie
trip

Valve spuriously
closes

Instrumentation, valve
or valve operator
failure,

Multiple instrumentation,
valve or valve operator
railere.

Iinstrumentation oz vSlve
operator failure.

Instrumentation or valve
operator fallure.

Tustrumentation or valve
operator failure.

Plant runback or trip.

Possible turbine-generator
overspeed, RCS overcooling.

Steam supply to one LP
turbine shell isolated.

Upeet to normal turbine cycle
expected, Whether the
transfient will result in
turbime trip is not known.

Expansion of steam in WP
turbine through one LP
turbine resulting in possible
overspeed,

Isclation of low pressure
steam supply to both FW pump
turbines, Possible
inoperability of both FW
pumps and plant runback or
trip. High pressure sceam

supply ma, maintain pump
operabiiity.

Repair failure,

Manually initiate closure
of stop and/or control
valves., Verify closure of
LP turbine steam control
valves or manually close.

Identify closed valve and
manually reopen and/or
repair.

Manually initiate closure
¢f valves and repair.

Identify closed valve and
reopen ur repair folilowing
shutdown |
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Table B.2.2.

(continued)

Component

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

MW Pump Turbine A

Stop and Gov.
Valves LPE-19,

20

FW Pump Turbine B

Stop and Gov,
valves LPE-22,

23

Valve spuriously
closes

Gov. valve
spuriously opens

Stop valve fails
to close on demand

Valve spuriously
closes

Instrumentation or
operator failure,

Instrumentation or
operator failure.

Instrumentation or
operator failure,

Instrumentation or
operator failure.

valve

valve

valve

valve

Isolation of low pressure
steam supply to FW pump
turbine A. Possible
inoperability of PW pump
and plant runback or trip.
Bigh pressure steam supply
may maintain pump
operability.

Increased FW pump speed and
possible overspeed trip.

FW flowrate controlled by
regulating valves. Trip of
FW pump would result in plant
runback or trip.

Possible FW pump overspeed
or SG overfill if pump trip
signal gener.ted in reegporse
to high SG level.

Isolation of low pressure
steam supply to FwW punp
turbine B, Possible
inoperability of FW pump
and plant runback or trip.
High pressure steam sugpply
may maintain pump
operability.

ldentify closed valve and
reopen or repair following
shutdown.

Identify open valve and
repair following shutdown.

Manually trip FW pump or
isolate steam supply by
cloging MS-35.

ldentify closed valve and
reopen or trepair following
shutdown,
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Table B.2.2.

(continued)

Component

-——

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

FW Heaters
Steam Supply
Isclation Valve
MPE-S

Other Steam

Supply Isclation
Valves (MPE-6, 10,
20, 24, 36, LPE-36,
10, MPE-15, 16,

17, 18)

Gov. valve
spuriously opens

Stop valve fails
to close on demand

Valve spuriously

closes

Valve spuriously
closes

Instrymentation or valve
operator failure.

Instrumentation or valve
operator failure,

Instrumentation, valve
operator or maintenance
failure.

Instrumentation, valve
operator or maintenance
failure.

Increased FW pump speed and
possible overspe.d trip.

FW flowrate controlled by
regulating valves. Trip of
FW pump would resul*® in plant
runback or trip.

Possible FW pump overspeed
or SG overfill if pump trip
signal generated in response
to high SG level.

Steam supply to "A" FW
heaters and le: stage
reheaters isolated. Upset
to normal turbine cycle
expected. Whether the
transient will result in
turbine trip is not known.

Steam supply to one FW h.ater
isolated, loss of efficiency
in turbine cycle.

Identify open valve and
repair following shutdown,

Manually trip FW pump or
isolate steam supply by
closing Ms-35,

Identify closed valve and
manually reopen and/cr
repair.

Identify closed valve and
manually reopen and/or
repair.
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Table B.2.3.

FMEA of the main condenser

system:

condenser and upper surge tanks

Component

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

Vacuum Breaker
Valve V-186 (?2)

Condenser She!l
and Miscellaneous
Connecting

Piping

Condensate
Makeup Valve
c-17s, 187

Rotwell
Recirculation
Valve C-196

Condenser Steam
Air Ejectors A,
Bor C

Valve spuriously
opens

Crack resulting
in excessive air
in-leakage

Valve spuriocusly
opens ¢r remains
open

Valve spuriously
opens or remains

open

Inoperability of
cne Or more air
ejectors

Instrumentation or
maintenance failure,

Vibration, corrosion,

Instrumentation, valve
or valve operator
failure.

Instrumentation, valve
or valve operator
failure.

Unspecified.

Turbine trip, trip of MFW
pusp turbines and interlock
of turbine bypass valves
closed,

Bounded by turhine trip,

trip of MFW pump turbines
and interlock of turbine

bypass valves closed.

Hotwell recirculation valve
C-196 opens resulting in
possibly decreased feedwater
flow to stean gensrators.
Plant power level limited.
Effect on condensate booster
or feedwater pumps unknown.

Condensate makeup valve C-176
or 187 opens resulting in
possibly decreased feedwater
flow to steam generators.
Plant power level limited.
Effect on condensate booster
or feedwater pumps unknown.

Failure of air ejectors may
result in long term increases
in condenser pressure
possibly resulting in turbine
trip.

Identify
manually

open valve and
close.

Reestablish condenser

vacuum,

ldentify
repair,

Identify

manuvally

Identify
manually

failure and

open valve and
close.

open valve and
close.

Align and start condenser
vacuum pumps if required,
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Table H.2.4.

(a. condenser to FW pumps)

FMEA of the condensate and feedwater system

Component

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

Rotwell Pump
Isolation Valves
C-1, 2, 4, 5

Hotwell Pump
B, C

Condensate
Valve C-10

Valve spuriously
closes

One or both pumps

tripped,
inoperable

Valve spuriously
closes

Instrumentation,
maintenance failure.

Eisectric power, motor
failure, loss of Recirc.
Cooling Water flow to
bearing coolers.

Instrumentation, valve
operator or maintenance
failure.

Less than 50% reduction in
condensate flowrate and
probable FW pump and reactor
trip at higher power levels,
Automa*ic initiation and
control of emergency
feedwater. At lower power
levels (<50% power) operation
expected to continue.

Failure of both pumps and
failure of one pump at higher
power levels result in PW
pump, reactor trip and
autcomatic initiation and
control of emergency
feedwater. At lower power
levels (<50% power) operation
expected to continue
following loss of one pump.

Trip of PW pumps and reactor,
Automatic initiation and
control of emergency
feedwater.

Identify closed valve and
manually recpen valve or
reopen failure,

Identify and repair
failure.

Identify closed valve and
manually reopen or repair.

i




Table B.2.4.

{(continued)

Componert

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

Demineralizer
Bypass Valves
c-14, 15

Demineralizer
A, B, C, D

Hydrazine or
Ammonia Feed

Generator Water
Cooler Bypass
Valve C-61

Valve spuriously
closes

valve spuriously
opens

Flow path blocked

Injection stopped

Vaive spuriously
closes

Instrumentation, valve
operator or maintenance
failure.

Instrumentation, valve
operator or maintenance
failure.

Isclation valve clecsure,
unspecified demineralize
ot resin trip plugging.

Unspecified.

Instrumentation or valve
operator failure.

Less than 30% reducticn in
condensate flowrate and
probable Fw pump and reactor
trip at higher power levels.
Automatic initiation and
control of emergency
feedwater. At lower power
levels (<50% power) operation
expected to continue,

Prwinciaile®rs bypassed which
eventually will result in
exceeding water guality
specifications and may
require plant shutdown.

Increased condensate flow
bypassing demineralizers.

Out of specification
condensate pH or Oy
concentration. May require
plant shutdown.

Trip of PW pumps and reactor.
Automatic initiation and
control of emergency
feedwater.

Identify clo. ed valve and

manually r&ocpen or cepair,

Identify and repair
failure.

Identify and restore

flowpath.

Identify and restore
injection.

ldentify closed valve and
repair failure,
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Table B.2.4,

(continued)

Component

Failure Mode

Potentjial Causes

Effect on Plant

Remedial Actions

Bydrogen Cooler
Flow Control
Valve C-59

Condensate Booster
Pump Isolation
Valves C-77, 80,
81, 84

Valve spuriously
opens

Valve spuriously
closes

Valve spuriously
opens

Valve spuriously
closes

Instrumentation or valve
operator failure.

Instrumentation or valve
operator failure,

Instrumentation or valve
operator failure,

Instrumentation,
maintenance failure.

Increased bypass of
condensate arcund generator
water cooling and hydrogen
coolers. Whether generator
would eventually trip is
unknown.

Probab.e generator and
turbine trip.

No significant effect
expected.

Less than 50% reduction in
condensate flowrate and
probable FW pump and reactor
trip at higher power levels.
Automatic ir’:iation and
control of emergency
feedwater, At lower power

levels (<50% power) operation

expected to continue.

Identify open valve and
repair failure,

Identify closed valve and
repair failure.

Identify open valve and
tepair.

Identify closed valve and
manually reopen valve or
reopen failure.
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Table B.2.4.

(continued)

Component

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

Condensate Booster

Pumps A, B

*F* Low Pressure
W Heater
Jsolation Valves
c-89, %0, 91

Low Pressure PW
Heaters Fl, F2,
F3, D1, D2, C1,
c2

Low Pressure PW
Heater Isclation
Valves C-103,
C-104, C-110,
c-111, €-117,
c-11i8

MW Pump
Isolation Valve
FDW-1, FDW-6

FW Heater D.ain
System

One or both pumps

tripped,
inoperable

Valve spuriously
closes

Loss of steam
supply

Valve spuricusly
closes

Valve spuriously
closes

Unspecified - Dwg.
PO-123A not
available

Electric power, motor
failure, loss of Recirc.
cocling water flow to
bearing cecolers.

Instrumentation or
maintenance failure.

Failure of both pumps and
failure of one pump at higher
power levels result in FW
pump, reactor trip and
automatic initiation and
controil of emergency
feedwater. At lower power
levels (<508 power) operation
expected to continue
following loss of one pump.

Less than 33% reduction in
condensate flowrate.
Probable PW puap and reactor
trip at higher power leval
with automatic initiation
and control of emergency
feedwater.

ldentify and repair

failure.,

Identify closed
manually reopen

See FMEA of Main Steam System - Turbines to Feedwater Heaters,

Steam Supply Valves.

Instrumentation or
maintenance failure,

Instrumentation or
maintenance failure.

Unspecified -~ Dwg.
PO-123A not available

Lese than 50% production in
condensate flowrate.

Probable PW pump and reactor
trip at higher power levels
with automatic initiation and
control of emergency

feedwater.

Trip of one of two main FW
pumps, plant runback and
pessible reactor trip.

Effects bounded by a trip
to the main PW pumps and
automatic initiation and
control of emergency
feedwater.

Identify closed
manually reopen

Identify closed
manually reopen

valve and
or repair.

Other

valve and
or repair.

valve and
or repair.

Identify failure and

repair.
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Table B.2.4.

FMEA of the condensate and feedwater system
(b. FW pumps to steam generators)

Failure Mode

Potential Causes

Effect on Plant

Remedial Actions

FW Pump Isclation
Valves FDw-4,
FDW-3, FDW-9,
FDW-8

W Pump
Recirculation
Control Valve
FIW~53, 55

Pump trip

Spur lous
increase

Spurious
decrease

Spurious
closure

Valve fails to
open on low FW
flowrate

Instrumentation failure,
pump/turbine failure,
high steam generator
level, loss of Recirc.
cooling water flow to oil
coolers - see also FMEA
of Condensate System and
Main Steam System.

Instrumentation or
throttle valve operator
failure.

Instrumentation or
throttle valve operator
failure.

Instrumentation, valve
operator or maintenance
failure,

Instrumentation or valve
operator failure,

Trip of one pump will result
in a plant runback and
possible reactor trip at
higher power levels (>50%
power). Trip of both pumps
results in reactor trip and
aytomatic initiation and
control of emergency
feedwater.

Increased P across FW
control valves.

Possible decrease in feed-

water flowrate resulting in
plant runback and possible

reactor trip.

Reduction in FW flowrate by
<50%. Plant runback and/or
reactor trip at higher power
levels.

Following substantial
feedwater flowrate decrease
transients (e.g., reactor
trip), failure to maintain
minimum pump flowrate will
result in pump trip or
possible pump damage.

Identify failure and
repair.

Identify failure and
repair.,

Identify failure and
repair.

Identify closed valves and
manually reopen or repair
failure.

Identify failure and
repair.




Table B.2.4b.

(continued)

Component

Failure Mode

Potential Causes

Jffect on Plant

Remedial Actions

Righ Fressure
FW Heater Bypass
Valve FDW-11,
FOW-16, FDW-26,
FOw-29

High Pressure

W Heater
Isclation Valves
FDW-14, FDW-19,
FOW-21, PDW-29

Righ Pressurc
PW Reaters Al,
A2, Bl, B2

W Block Valve
FDW-31, FDW-40

W Control vValve
FDW-32, FDW-41

Valve spuricusly
bypasses flow
around HP heate:

Valve spuriously
closes

Loss of steam
supply

Valve spuriously
closes

One or both
valves spuriously
close

instrumentation or
maintenance failure,

Instrumentation or
maintenance failuce.

Reduced PW temperature and
inefficiency in turbine
cycle,

Reduction in FW flowrate by
<508 resulting in possible
reactor runback and/or
reactor trip.

ldentify mispositioned
valve ané manually
reposition or repair

icentify closed valve and
manually reopen Or repair
failure.

See FREA of Main Steam System - Turbine to Feedwater Heaters, Steam

Supply Valve MPE-S

instrumentation or
maintenance failure,

Instrumentation or valve
operator failure

Reduction in FW flowrate by
<50% results in reactor
runback and/or reactor trip.

Reduction in FW flowrate to
one or both steam generators
which may result in plant

runback and/or reactor trip.

Iéentify closed valve and
manually reopen or repair
failure.

Identify failure and
repair.
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Table B.2.4b,

(continued)

Failure Mode

Potential Causes

Effect on Plant

Femedial Actions

MW Stactup Valve
Isolation Valve
FDW-36, FDW-45

W Startup Valve
FDW-35, FDW-44

Valve(s) open or
fail to close on
demand

Valve spuriously
closes

valve(s)
spuriously closes

Valve(s) open or
fail to close on
demand

Loss of instrument air
pressure, instrumenta-
tion, or valve nperator
fatlure.

Instrumentation or
maintenance failure.

Instrumentation or
valve operator failure,

Loss of instrument air
pressurize,
instrumentation or valve
operator failure,

Valve(s) opening or remaining
in position after reactor
trip may result in a steam
generator overfeed condition.
Transient will be terminated
by automatic trip of main FW
pumps and initiation and
contreol of emergency
feedwater under manually
controlled by the operator.

May produce erratic post-
reactor trip steam generator
level control.

Closure of FW block valve
and loss of feedwater to one
steam generator resulting in
reactor trip.

Valve (8) remain in position
following reactor trip which
may result in a steam
generator overfeed condition,.
Transient would be terminated
by automatis trip of main FW
pumps and initiation and
control of emergency
feedwater under manually
controlled by the operator.

Identify closed valve and
manually reopen or repair
tailure.

ldentify closed valve and
manually reopen or repait
failure,

Reestabliesh feedwater flow
to isolated steam generator
by manual control of
startup and block valves or
manual initiation of
emergency feedwater,

Identify failure and
manually close startup or
startup isolation valves,
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B.3. FMEA OF THE MAKEUP AND PURIFICATION SYSTEM
Table

B.3.1 Letdown subsystem . . . . . . . . . . .
P.3.2 RC pump seal return subsystem . . . . .
8.3.3 HPI pump subsystem . . . . . . . . . .
B.3.4 RC pump seal injection subsystem . . .
B.3.5 Reactor coolant makeup subsystem . ., .

B.3.6 Chemical processing subsystem . . . . .
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Table B.3.1.

(continued)

L omponent

Polent 14l Fallure Mode

lsmediate Effects

Interface
Involved

Within Subaystes

AL Subsystes
Interface

Remecial Aotiom
¥ithin S.oaysten

X =

Yalwe WP-2 (wC)
(WP-v18)

Opersting Letdown
Cooler WP-C1A
(or WP-C1B)

Falls open due lo
internsl fauit

Spuriously cpened

talis to open when
required due to
internal feult

Falls to open when
required due to
unavallability of
eleciric power

Loss of cooling water
flow

Reduction In heast
transfer capabliilty
due tu fouling

Control Signal

Electric Power

Component
Cooling
Water
System

Unobstructed letdown Mlow
to Ltdn Cocler MP-CIB

Unobastructed letdown flow
to Lidn Cooler WP-CI1B

Use of Ltdn Cooler WP-CIB
prevented

Gas Lidn Cooler WP-C1B
prevented

Increased letdown
Lemporature. High
temperatura sensed on
TT-31 resuiting in
aulveatic closurs of
tsolation valve HP-S
(HP-¥3]) and indicaled
in control rooms

creaved letdown
temperature High
Lemperature sensed on
TT-1 and indicated in
rontrol rooe

Unisss component cooling
waler provided to Litda
Cooler WP-C1B, letdown
temperature will
Increase possibly
resu'tling ta letdown
iscolstion, t.e.,
termination of jetdown
flow Lo J-way valve
WP-18 (WP-m10)

Unless component cooling
water provided to Liam
Cooler MP-CI1B, letdown
temperature will
increass possibly
resulting 1n letdown
isolation, 1. e
terminetion of letdown
flow Lo J-way valve
HP-18 (WP-¥10)

Nay resull in Increased
letdown temperature or
continved !etdown
i1solstion

May resull In increased
letdoun temperalure or
continued letdown
isclation

Ilncreased letdown fluld
Lemperature possibly
resulting In sautomatio
letdown flow isoclation,
1.0, termination of
letdcwn flow to J-wey
valve WP-1I8 (HP-V10)

Increased letdown fluld
temperature

Close BP-2
(WP-w2B;

Closs BP-2
(WP-Y1B), close
HP-8 (HP-v2B)

Bone (1scl-te and
repalr)

Bestore electric
powar

Isclate WF-C1a
and vtilize
WP-Cip v
cooling weter
avallable to
WP-CiB.
Restore letdown
flow 1f 1t has
been 1solated

Isclate RP-C14,
viilize HP-CI1B
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Table B.3.1.

(continued)

Potential Fallure Mode

Immediate Effects

laterface At Subaystes Remedial Aotioe
Component Mode Involved Within Subsystems Interface Within Sutsystes
Tube rupture Component Reduced letdown flow rete Reduced letdown flow to Close WF-
Cooling due to flow diversion J-way valve WP N (HP-¥14) ane
Waler (MP-¥10). Loes of WP-3 (wP-w2a),
Systes resctor coolant to CCW and opes Dalh
systes  Decreasing Ltdm Lthrough Wr-C18
tank ‘evel, BCS pressurs.
Safely injection signal
will not isolate letdown
cooler. Incressed COW
aurse Lank level,
discharge of resctor
coclent through CCw
relisl valves to RD
1.5 Standby Letdown Tube rupture Component feduced letdown flow rate Reduced letdown flow to Close or verify
Cooler WP-C18 Cooling due to fl'w diversion J-way wvalwe HP- 1N closure of WP-A
(or WP-C18) Water (WP-¥10). Loss of (HP-m20);
System resctor coolent to CCW letdown flow
systes Deorsasing Ltde through BP-Cia
tars level, RCS pressurs. is possible
Safety injection signel once leak is
will tsolate letdown 1sciated
cooler. Increased COW
surge tank level,
disoharge of resotor
coclant through CCW
relief wvalves to B8
1.1.6 Valve WP-3 (wO) Falls closed due to -- Letdown flow through HP-CIA  Letdown flow to j-way Close WP-1
(HP-¥20) toternal fault is obstructed valve HP-18 (HP-¥10) 1a (WP-714), open
terminated BP-2 (WP-vIB)
Lo divert
letdown flow
through WP-C1B
Spurtously « losed Control Signel Letdown flow through WP-CIA  Letdown flow to 3-way Open WP-3
13 obstructed walve HE-I8 (HP-¥10) 1i» (HP-¥24)
terminated
Falls to close when - Prevents isclation of IT HP-CIA has experienced Hone

required due Lo
Internal fault

HP-Ci1a

& tube rupture, WP-1
(HP-¥14) has been closed,
and HP-CI1B 18 1o be used,
then an RC leak to the
OCW systea will ocour.

If WP-C14 has experienced
& lons of cooling water
and WP-1 (NP-VIA) can

not be closed, Lhen
ietdown fluld tesperature
will Increase and WP-5
(HP-¥3) will close
terminating letdown flow
Lo NP-18 (WP-VID)

Automatic closure

of WP-5
(WP-v3);
HP-C1 4 cannot
be 1s0lated
until WP-3
(HP-¥24) i»
repaired
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Table B.3.!'. (continued)

fotentlial Fallure Mode lmmediate Effects

Interface
Invoived

AL Subaystes
interface

Bemedial Aclios
Within Subaystes

¥ithin Suseystes

4. Falle to close when
regquired due to
unaval lanility of

power oa bus TEXS2?

Eisctric Power Prevents isclstion of
we-Cia

A WP-C1A has asperisnced
& Lube rupture, WP}
(MF-¥14) has been closed,
and HP-CI1B 1s Lo be used,

then an BC leak Lo the OON

aystes will occwr. If

Automatic olosure

WP-C1A has szperienced » of W5
loss of cooling weler and (WP-93); Wr-Cia
HWP-1 (RP-T1A) cannot be canmot be
closed, then letdown 1sclated wattl
fleld tempersture will power is
will i1scresse and WP-S restored om dus
(HP-¥31) will close AL ¢ &S0
tersinsting letdown flow
to KP-18 (WP-w10)
5. Falls to close when Englneered Prevents isclation of If WP-C14 has experienced Bone
required due to Zafleguards wr-Cia ® tube rupture, WP-1
fatlere of ES Protective (HP-¥14) has bDeen closed,
signal Systom and WP-CI1B 1a to be used,
(ESPS) then an BC lesk to the COW
systes will ccour. If Sulomatilc closure
WP-C14 has experienced a of Wr-5
loss of cooling waler (WP-¥3); We-Cia
and HP-1 (HP-¥14) cennot cannot be
be closed, then letdowa isclated until
flula tempersture will ES signal 1s
increase and WP-S (WP-V3) restored
will clese tersinating
letdown (low to WP-18
(WF-v10)
¥alve BP0 (M0 ' Falln closed due Lo -- WO None Close WP-2
(HP-¥28) tr eresl fauit (WP-¥1B) to
divert leldown
flow through
wr-cia
Z. Spurioesly ¢ loved Contrvl Signail Wore None Open WP-A
(wp-28)
3 Falls to close when Frevents 1sclation of If WP-C18 nas experienced Bune, NP-CIB
required due to we-Cie * tube rupture, Lhem an cannot be

internal fauit

B leuk to the (C
systes will eccur

isclated until
WP (PR

is repaired
B Fatls te clovw when Electrie Power Prevents isclstion of If WFP-C18 nas esperienced None, WP-CB
required dur to HP-C10 & tube rupture, Lhen an cannot be
unasallatlitiy of B leak to the OCW teolatled until
power on e IO system will occur power 13

restored on bus
s
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iable B.3.1.

(cont inued)

Fotential Faliure Mode lemediats Effects
Interface At Subaysies Remndial kotioce
L omponent mode Involved within Subsystes interface Kithin Suwbaystes
Falls 19 lose when Eogineered Prevents iscletion of If WP-C18 has expe lenced Bone, NF-C1B
regquire? due to Saleguards WP-C18 & tube rupture, Hen an cannot be
fallure of ES Protective B leak Lo the Ouw iscleted wati]
signel Systes systes will ococur ES signal 1s
(ESPs) restored

Block Orifice

Miscellaneous
Sormalily Closed
Manual Yalwes
Sech es WP B
or WP-332

Yalve WF-S (WO)
(uer-v3)

Opened or fealls open
due Lo iInternal
fouilt

Vent or Drain

Falls closad due to -
interral fauil

Spurtously closed

Falle te close when -
reguired due to
internal fauit

Spuriousiy
closed due lo
wnavelladbility of
testrument ailr
{arvumed )

Fatls te clove when Plant Instru-
required due te wentation
wnavalliabiilty of
letdouwn Leaperature
Interliock

Comirol Signel

Instrument Atr

Reduced letdown (low rate

Letdown flow terminated

Letdown flow terwinated

High temperasture ietdown
fiow to purification
demtneralizer Is
unobstructed. Incressed

letdown fluld tempereture
say resuil io seiling the
resin beads Io WP-I! and

thus blocking flow
Letdown flow terminated

High tespersture leldown
flow to purificstion
deminerslizer 1o
unobatrucled. locreased

letdown fluld Lemperalure
say resull In selling the

resin beads in WP-11 end
thus biocking flow

Roduced .etdown flow to
J-way walve WP. 1A
(WP-vi0)

Letdown tiow to }-way
valve HP-IR (NP-W10)
1s tersinated

Letdown flow to J-way
valve HP-18 (NP-¥10)
1% terminated

High temperalure letdown
flow possibly causing
flow blockage If resin
beads In HP-I1 melt

Letdown flow Lo Y-way
valve NP 18 (HP-w10)
i terainated

High temperature letdown
flow possibly ceusing
flow Llockage 1f resin
beads 1n NP-X) aselt

Though detection
is difficuit,
close or repair
when found

Ciose WP}
(WP-w24), WP-2
(WP-928), and
HP-6 (WP-wa)
and repair

Open WP-5 (WP-V3)

Close WP-§
W), Ir
purification
resine damaged.
use standby
demineralizer

Restore
instrusent ailr,
open WP-S
(wp-v3)

Close WP-&
(HP-¥8) and
restore
Lemparsture
inteclock. If
purification
resins desaged.
use standby
deminers)izer
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Table B.2.1. (continued)

Potentlal Fallere Mode

lemetiate Effects

lons of powrr

sewl to piant operators

Iaterfece 4t Seteystes Bemedial kotiom
L umponent nose Involved within Subsystes Interface Wiinie Subaystes
6. Falls te close when brglneered Patlure of one of lwe Booe, I W6 (HP-W) Close WF-&
reguired due to Sefeguards redundant conts!ndent sucosesfully closes. TRF- ") ana
ensval ability of Protective isolation welves Nigh Othsrwise, hign restors B3
£ sig al Systen tesgeralure letdown flow temperature letdown [low signal. Ir
(ESPS) te perificetion possibly ceusing flow purification
deainersiizer i tlockage If resia beads resins damaged
unobetructed Incr sased in P11 eeit wse standby
letSown fluld Lemperature deminecslizer
say resull in selling the
resin beads fn NP1 end
thus blocking flow
2.3 Falew HF.4 (WO ' Falis cliosed Gue to - Letdown flow to purificetios Letdown flow te 1-way valve Utilize WP-7
(Wp-") internal feult demineralizer 1s WP I8 (BP-7I0) 1» (W) for
obstructed uniess WP-&0 or terainated unless WP-W2 letdown
&F-7 (WF-¥S) 19 open or WP-7 (HP-¥5) 13 opesn throttiing
2. Spurtously cle o8 Comtrol Signal Letdows flow to purificetion Letdows flow Lo 3-wey velve Open NP-§ (WP-WA)
desineralizer is WP 18 (WP-¥10) 1e or WP-T (WF-¥)
obstructed unless WP 42 or terminated wniess WP-82
WP-T (HP-¥S) I opeca or MP-7 (WP-¥5) 13 cpen
3. Falls to close wheo - Letdown flow to Block I WE-S (WP-¥}) nae Telled Close NF-8
required due to erifice 13 unobetructed to close and the letdown (NP-¥7) te
iaterasl Tewlt flow has sot been couled, protect
then temperasture of purification
letdown flow to WP-18 demineralizer
(RP-¥I0) will continue -n
1o incresse snd resin
teads 1o WP-I' say esit
causing flow blockage
& Falls 1o close when instrusest Air Leldown flow to block If BP-S (NP-¥3) bas falled Close WP-8
reguired Sue to orifire is wnobstructed to close and the leldown (WP-¥7) to
unasalliabtitty of fiow has sot bees cooled, protect
instrement alr then Lempersture of purificetion
Lavsumel letdown flow te NP 18 desinerslizer
(WF-¥10) wilil comtlinue HP-1Y, restore
Lo Increase and resin Lastrupent oir
teads In HP-17 sey eeit
causiog Tlow blockage
1.2.8 Bloch Orifice ' Fally plugmed - fetdoun flow to purificetion Letdown flow to j-way walve Utilize WP-7
deglinecrallzer iy W e (NP-¥1D) i» (W95 for
obstructed 1T WP &7 and terstoated 1f HF 02 and letdomn flow
HP-7 (BP9 are cloded WE-T IHP-TS) sre closed tarotiling
1.2.% Fliew Trasoeitter ' Intermal fauit Plant Instrue- Bne incorrect taforastion isclste and
T-2% results tn sentation sen’ to plant upecalors repalr
incorrect Signai
2 Fatls due to Electric Power Bure Incorrect informat ton Restore electric

power
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Table B.3.1

{continued)

{ ampnent

forestlal Feliure Node

lmmedinte Effects

Interface
Inscives

wilnin Subsystes

4L Subaystes

Interface

Remedial Action
within Suceystes

LR 2

Salive WF- 35 (w0

Falee BP0 (w0

Vaive WF-80 (W)

Faive WF-7T (W)
(e

1.2.99 Valwe WE-81 (90)

1.2

1 Badiatien

Nonitor Lowp

Falls closed Sue to
internal fewit

Falle cpen due to
internsl fauit

Felle closed due to
internal fauit

Falls open Sue to
internal fault

Spuriousl; opened

Falis to open when
reguired due to
intersal fault

Falls to open when
regquired due to
unave!lablitty of
instreaent air
(aTyumet

Falls closed due to
Itsternat feuit

Rormally closed

sanual drain valve
wpened, Talls open,

or met closed

after sals” nance,

o rellef valve
puriously opens

Lovp becumws plugged

instrument Alr

High Actiwity
Waste Tank,
"l scellanecus
waste Tank

Letdown flow to purificetion
drminersilizer 1n
sbstructed If WP-A2 ond
BP-T (BP-95) are closed

Uncbetructed letdown fiow
through orifice bypess to
gurificelion gesinersllizer

letdown flow to WP-7 (WP-¥S)
I3 cbstructed

Block orifice bypessed,
increased letdows flow

Block orifice dypensed,
increased letdown (low

Additionsl letdown flow
st provided

Aamitional letdown flow
nol prowided

Obstructs letdown flow to
purification desinerslizer
if WP-T (HF-¥S) i1s open

Diverstion of letdown flow
when radlation eonlloring
loop ured

Beduced letdouwn flow;
radiatlon sonitoring
presented

Lotdown Flow Lo J-way walve
WP (WP-¥I0) e
terminated 1f WP-42 ana
BP-T (RP-¥S) are closed

Increased letdown flow te
T-way valwe BP0
(Wr-vi10)

Bune, 1 WP-T (WP-¥5) (BC)
13 ciosed. Otherwise,
reduced letdown flow to
Joway walve WP 10
(WP-910)

Incresased letdown flow to
d-way valve WP 18
(MF-¥10), end potentislly
increased letdown
Lemperat ures

Increased letdown flow to
J-way valve WP-IN
(WP-w10)

ddditional letdown flow
not provided

Additional letdown flow
not provided

Reduced letdown flow Lo
F-wny walve HP- I8
(WP-¥10) 1 WP-7
(HF-¥S) 1s open

Reduced leidown flow
Lo J-way valve HP- 184
(BF-¥10); flow diverted
to Miscel lsnecus Waste
Tank or Wigh Activily
Waste Tank

Rrduced letdown (low
to V-way valve NP-IN
(Ww-vin)

Open WP-7 (WP-w5)

isolete bloecw
orifice to
reduce letdown
flow

Open NP-82, if
required

Close WP-80 ana/
or WP-8) and
repair

Close WF-7
(WP-v)

Open HWP-42 1T
required, close
WP-80 and WP-AY
and repailr

Utilize RP-A2,
if required;
restore
instrument alr

Utiltze WP-42 1f
required

Isolate Loop;
close valve or
repair when
found; sampling
available at
other points In
subaystes

Unplug when
found, sampling
available at
other points In
subsystem
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Table B.3.1.

(continued)

 apgorent

Fotential Falliure Node

lemediate Effects

Interface
lavolved

witels Schaystes

AL Subsystes
interface

1.2.12 Boron Meter Lovyp

1.3 Puwrificetios Deminersiizer

3

.2

3

3

Flow Bozzie

Flow Trassmitiers

T4, FT-&F, ama
FT-48

Pressure Lauge
re-13

Borasiiy closed
aanusl drain valive
wpened, falls open,
or sol closed after
saialenance o
reliel valve
apuricusiy opens

Loop becomes plugged

Fall plugges

Internel fault
rescits in
lecorrect signai

Control power faftiuwre
resultls iIn
tacorrect sigsal

Internal fauit
rescits In
incorrect
sersurement

Wigh Actiwily
DR Tank,
Miscellsnecus
Wasie Tank

Plant lastre-
sectalion

Electric Power

Flast Instro
senlalion

Piversion of letdows flow
when boron sester oo
used

Beduced letdown flow, boran
conlen! measu egent
prevent ed

Letdown fiow to purification
deminersilizer 1»
obstructed

sorne

Beduced letdown ilow to

Joway walve NP8
(WP-110); flow diverted
to Wigh Aetivity D8
Tank or Miscellssecus
Waste Tank

Reduced letdown flow te

Joway valve WF-18
(WP-v10)

Letdown flow to 1-way wvalve
HP-18 (RP-V10) 13 reduced

or tereinated

o

None

ytilize FT-29 te
delermine
letdown flow
(reguires WP-7
(WP-¥S) and
WP-42 be shut),
repeir
transmitiers,
restore
electiric power

Repalr when
detected
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Table B.3.1.

Cmgonent

Potenttal Fallure Mode

fects

interface
Invclved

within Sabsystes

At Subaystes
Interface

Remedial Action
¥ithin Subsystes

Temperat ure
Transsitter TT-3

Miscellancous
Bellef Vaives
Like BV-52 (WP-83})
and Normally
Closed, Manual
Valvwes Live WP 4

Valve WF-19% (w0)

2.

Fiani lastru-
sentation

foternal fauit
resuits In
incorrect signal

Cumtrol power Clectric Power
follure results

in incorrect asignal

Rellefl valwe
puriously wpens

L1guld Waste
Drein

B acnual valve
falls open Sue
to Internal fault

Sempling Systew

Falls closed due to
Internal tauit

If & spuriously high
tempersiure signal 1»
transmitted, ®P-5 (WP-¥3)
1% sutometically closesd,
obstructing ietdown flow
to purificetion
dealners! izer

If » spuriously low
tomperature signal 1s
transaitted, WP-S (MP-¥1)
would not de sviemetically
closed 1T eguired
Excensive letdown
teaperatlures would resuit
ia purification
Gemiomcalizer bealing, or
resin bead eiting and
flow blockage

If & spuriously high
Lemperature signal is
transaitied, WP-S (HP-¥))
1s sutosstically closed,
obstructing letdown flow
1o purtification
desineralizer

If & spuriousiy low
teaperature signal is
transmitted, WP-S (WP-¥})
would sot be sutlomatically
closed 1If requires.
Excesalive leliown
tesparstures would result
in purificetion
deminersiizer heating, or
resin bead selling awd
flow blockage

B leak

RC leak

Letdown (low Lo purification

deslneralizer i
wbstructed

Letdows flow Lo j-way valve
WP-18 (WP-710) 18
lerminated

High temperature letdown
flow possibly cevsing
flow Llocckage 1T resin
beads in WP-1) melt

Letdown flow 10 §-way valve
WF-IN (RP-¥10) 1a
terwinated

High temperasture letdown
flow posalbly causing
flow blockage 1T resin
beads In HP-I1 selt

Reduced letdown flow to
J-way walve HF-12
(HF-¥10); BC leak

Reduced letdown liow to
J-way valve NF- 18
(HP-¥10) of sasple flow
existy; KC leak

Letdown flow Lo §-way valve
HP- I8 (HP-¥10) 1»
terminated

Open WP-5
(WP-¥3) ofter
asseasing
fallure;, repair
lranseitter

Close WP-&
(WP-wA);
repatr
Lranseitter

Open NP-5
(HP-¥3) after
assessing
fallure;
restore
sleciric power

Close WFP-§
(HP-¥A);
restore
electric power

1solate

None (isclasle
and repalr)

None (1aoiate
and repair)




Tatle B.3.1.

(continued)

Potential Fallure Mode

lamediate Effects

Interface
Iavclived

within Subsystes

AL Subsystes
Interface

Romedial Action
Withia Subaystes

T omponet
.37 Walve WP-198 (W)
1. 3.8 valwe WP.197 ImC)
139  Walve WP-13 (BC)

(HP-%)

1.3.70 Vvelve WF-8 (0)
(e-w1)

Palls open due lo
isternsl fault

Falls open due to
toternal fauit

Falls cpen due to
internal fault

Syuriously opened

Falis to open when
regquired due to
internal fauit

Potential fallure to
open due o
enavalledility of
ioalrement air
(s sumed )

Fails closed dwe Lo
internel fawit

Spuriously closed

Outiet of
Letdown
Filiter WP-F12

Iniet of
Letdown
Filter BP-F12

Comtrcl Signel

instrusent Atr

Lontrol Signal

Seduced letdown flow lo
purificetion -dealnersiizer

feduced letdown flow to
purificetion des!sersiizer

Letdown [low Dypesses
the purificstion
deminearalizer, letdown
flow chemistry alltered
Letdown flow Dypasses
the puriflication
drainerslizer; letdown
flow chemistry sllered
Purificetios demineraslizer
HP-11 Dypass unsve!lable
if required

Purification dem!ceralizer
WP 1) bypess unavallasble
1f required

Letdown flow the cugh
purificat ion desineralizer
WP-11 is obstrected

Letdown flow Uhs ough
purtfication desineralizer
WE-81 i obstrected

Reduced leldown flow to
J-way valve NP-IN
(WP-¥10) .  (Letdows
flow bypasses EF-I' and
WP-IN (WP-0))

Reduced le down flow to
J-way valve WP-2
(RP-vig). (Letdows
flow bypasses WP-1) sod
HP-8 (WP-MI0))

Letdown flow chemisiry
altered

Letdown flow chealstry
slteres

Letdown flow to J-wsy valwve
WP-1N (NP-YI0) e
terminated IF WF-I1 18
plugned

Letdown flow Lo J-way valve
W18 (WP-¥10) 1e
terminated IF WP-L1 10
plugged

Letdown flow Lo j-way valve
WP 1N (NP-WI0) 19
terminated

Letdoun flow 1o j-way vaive
HE- 18 (WP-¥I10) 1
tersinated

Close WP-57

Close WP-57

Close WP-13
(WP~ )

Open WP-9
(1HP-98) and
WE-1 (TRP-wS)
and use WP-I2
if svsllsbie

Restore
Instrument alr,
open WP-9
(ANP-¥8) and
WP-1Y (VM99
ond use MP-12
if avallable

Open WP-§
(INP-¥8) and
BP0 (IHP-¥9)
snd utilize
purificetion
deminerslizer
W12 1f mot
being used by
Unit 2

Open WP-§
(YHP-¥8) ana
HP-11 {IHP-¥S)
end wtilize
purification
demineraslizer
WP-12 1 not
belng wsed by
Unit 2
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Table B.3.1.

(continued)

Fotentinl Fallure Mode

lamediate Effects

loterface
invelved

wiinin Subsystem

At Subsystes
Interfece

Remedial koliom
Within Sudbaystes

.30

Purificetion
Peminersilzer
L2 &

Stog Check ¥aive
w-

Valve HF-5 197
(HP-v8)

Failas 1o close when

reguired due to
internal fawit

Falle te close when

reguired due to
unavatlabiliity of
instrusent alr
Cassumet

Fall plugged

Falle plugged

Falls open due Lo

internal fault

Cpened

lnstrumsent Atlr

Control Signel

Purificetion demineralizer
HP-I) i1sclation s
unaval.eble

Purificetion deminers!izer
WP-I) isciastion 1
unavallable

Letdoun flow 19 biocked In

purification desinerslizer
HP-I1

Letdown flow through

purification demineralizor
KP-XI1 1y obstructed

If purificetion
deslnersliizer HP-12 is
being used by Unit 2, then
the letdoun flows of the
two units say be alzed
dependling on the pressure
difference belween the ltwo
letdown (lows

If purificetion
desinerslizer WF-X2 1»
being used Ly unil 2, Lhen
the letdown flows of the
lwo wnlls say be alzed
depending on Lhe pressure
difference Lelween the two
letdown flows

Cont inued letdown llow to
J-way valve PR
(WF-m10)

Continued letdown flow to
J-way valve WP 18
tWP-vi10)

Letdown llow to J-way wvalve
HP-18 (RP-¥10) 1o
terminated

Letaown flow to valve
WP 18 (HP-¥10) 1
Lersinated

Increased or reduced
letdown flow to 3-way
walve HP-18 (WP-W10)

Incr 4 or reduced
letdown flow to j-way
valve HP-1N (WP-VIOD)

Close WP-A7

Close WP.AT;
restore
inatrusent alr

Isclate WP-I1
ueling HFP-8
(HP-¥T) and use
WP-R2 AT
avallsble or
bypass by
opening WF-13
(WP-we )
(reduced
chemistry
control )

Isclate WP-I1
using WP-8
(WP-¥7, ana use
WP-R2 ar
avallable or
bypass by
opening WP-13
(WP )

( reduced
chemistry
control )

Remedial mction
dependenrt on
Unat 2
operat ing
requiresent s

Close WP-9




Table B.3.1.

{continued)

T aponent

Potential Fallure Mode

lemetiate Effects

interface
involved

Withia Subsystes

At Subaysties
Interface

Ramedial dotiom
Withia Scosystes

1N
-y

Valve WF-11 (80}

v

falls to cpen when
required duwe to
internal fauit

Potential fallure
to open Sue to

wnavatladility of

instrusent air
favsumed

Fatls open due to
internal fauit

Ipuricusly opened

falls to open when
required due to
internal foull

Potentiel fatllure
to cpen due Lo

unavellabiitty of

instrusent air
{assumed |

Instrusent Alr

Comtrol Signal

Instrusent Alr

Prevests use of spare
purification deminers!izer
WP-22 by wnit ?

Prevenis use of spare
purification Sesinerailizer
HP-22 by wnit

If purification
deminerslizer RF-12 1»
belng used by unit 2, thee
the letdown flow of uwnit 2
will leak into the letsown
flow of unit ¥ I seair 2
letdown pressure 1s
greater than entt |
letdown pressure

If purificetion
deminerslizer HP-1J 1s
being used by walt 2, thea
the jetdown flow of wnit 2
will leak i1nto the letdown
flow of enit 1 If enit 2
letdown preasure is
grester than wnil 1|
letdown pressure

Prevents use of spare
purification desinoraslizer
WF-12 by enit |

Prevents uae of spare
purification dealneraslizer
WF-12 by enit )

Potential reductios in
chemisiry costrol

Potentlal reductica in
cheaistry costrel

incressed letdown [low
J-way walve WP
(WP-wr0)

Incressed letdown (low
T-wey walve HP-IR
(wP-w10)

Fotentlal reducrtion in
cheslstry control

Futent L3l reduction in
ohesistry control

to

Continue Lo use
NI ar
avallable or
open NP1
(WP-W) ena
bypass WP-11

Continue Lo use
I oar
svallabie or
open WP-13
(HP-¥) ana
bypass WP-I1;
restore
lustrusent alr

Close WP-10
(2nP-¥8) and
WP-12 (2WP-99)
depending on
WUnit 2
opersting
requiremsent s

Close WP-11
AL L

Continue (o ude
NP1V 3
avaliable or
open WP-13
(HP-¥6) ana
brpass NP1

Continue Lo ude
L2 SR
avellasble or
open WP 1§
(HP-¥6) ang
Lypass WP-11;
restore
instrumsent alr
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Table B.3.2.

{(continued)

Companent

Potential Fellurs Mode

lamediate Effecis

Rude

Interface
Iavolved

Within Scbaystes

At Subsysles
Interface

Semedinl Aotion
within Subsystes

2.2 Seal Bypass Line(s) (Norsaliy Closed, Open When #1 Seal-Leakoff Rate i3 Too Low) (% Total, V/BCP):

2.2.%

2.2.2

~
~
-

Flow Transaitteris)
1FT-19, WT-20,
WT-2%, WY-22,
WT-113, WTm,
Y-S, Y116
(eont*d)

Fiessure
Transmitteris)
WPT-19, 1PT-20,
w21, W22

Check Valvels)
WP-263, WP-266,
WP-209, WP-272

Manual Isclation
Vaives (2/11ne)
WP-208, WP-0%S,
WP-267, WP-208,
RE-270, WP-27%,
WP-2T3, WP-2TN

Flow Transelitteris)
WT-109, WT-110,
TN, T2

2.

Incorrect oulpul due
to loss of power

Transatitter fallure
due to internal
fault

Instrusent conneclion
lesk

incorrect oulpul due
to loss of power

Trensaltter fallure
due to interrsl
fauit

Valve fatled clused
(plugaed, damaged,
ete. )

Yalve falls to
prevert backflow

Valve falls rlosed
(plugged, Casaged,
ete )

Inst: ument conneclion
leak

Transaltter fallure
due to iaternsl
fauit

incorrect out put
due Lo oy of
power

Electiric Power
Supply, L8C
System

Flectric Powe
Supply, I8
System

Electric Power
Supply, 16C
System

Bo effect

Bo effect

Szall loss of reactor
coolant

Mo effect

Mo effect

Flow I1n a single bypass
line stoppet

N effect during steady
state

Fliw 10 & single Lrpass
line stupped

Small loss of reactor
coolant

e effect

No effect

Incorrect flow signal
Lo 14T system and
coatrel room

Incorrect flow signal
to 0 systes and
control rooms

Incorrect pressure signal
transeitied to 140 and

control room

Incorrect pressure aignal
transeitlied to 14C and

control rooe

Incorrect pressure signal
transeitted to 14C and

control rooe

Seal bypess flow peth
blocked from & single
B puep

No effect Juring steady
state

Sesl Lypass (low path
blocked from a single
R puap

Incorract flow stgnal
transmsitted to 140
and contrel roue

Incorrect flow signai
transelitied to [8C
and costrol roue

Iecorrect flow stignal
transelited to 14C
and contrel rove

Restore power
supply

If sccessibis,
utilize bypeass,
itaciate

repair (local
action just
outside of

secondary
shielding)

If accessible,
repair
component

Resiore power
supply

If accessible,
repailr
component

If scoessible,
repalr
component

Repalr cosponent
at shutdown

If sccessible,
recalr
component

If sccessible,
repalr
Component

If sccessitie,
repalr
component

Restore power
supply
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Table B.3.2. (continued)

Potent 14l Fallure Mode Tmmediate Effacts

Interface

AL Subsystea Remedial Action
Component Mode Involved Withis Subsystes Interface Within Subsystes
2.3 Seal Bypass Return Header:
2.3.% Motor Operasted 1. Valve falls 1o opmn 14C Systew Seal return bypass flow Seal return bypass flow None
Isolation Yalve when required due blocked palh unaveliiable to all
HP-275 (WP-val) to control signal RC pumps
fallure or closes
on zpurious signal
2. Walve fatls to opha Electric Power Seal return bypass flow Seal return bypass flow Bestors power
on demand or cieses Supply blocked path unavallable to all
on syurious signal RC pumps
3. Valve fails to open .- Seal return bypass flow Seal return bypass flow Repalr component
on demand due Lo Llocked path unavalliable to sll if mcoessible
internal fault R0 pusps
A, Valve falls open or 14C System, No effect No #ffect Sepair component
falls to close Electrio if ccoessible
when required Power Supply,
Internal
2.3.2 Motor Opereted 1. ¥alve falls open - Stand pipe 111 iines open Potentisl loss of vent on None
isciatton Valve due to internal to seal return flow RCP vent seal —
to Stend Pipe Fill fault o
and Makeup HP-276 2. Valve opens on IAC System Stand pipe f1ll lines open Potentlal loss of vent on None O
{HP-VAY) spurious signal to seal return flow RCP vent seal
2.8 Sex!l Watsr Covler Iniet Header:
2.8.1 Motor Operated 1. Valve falls clossd - Secl veturn flow stopped Sesl retuin flow from ell Repair component
Isolation Jalve due to internal RC pumps stopped
HP-20 (HP-¥12) fault
2. Valve closes on 18C System, ES Seal return flow stopped Sesl return rlow from aoll None
spurious signal RC pumps etoppec
3. Valve Inadvertantly - Seal return flow stopped Seal return flow form all Reopen valve |
closed RC pusps stopped |
N. Valve fatlls to close Electrles Power Fe.ctor bullding 1sclation Seal return fiow continues Bestore power \
on demand Supply degraded to letdown storage tank
5. Valve Talls to close S Rercior but!ding 1scleation No effect provided, None
when required dngraded redundant valve oloses
6. Valve failils to close I8C Systea Reactor bullding isoletion Seal return flow cootinves Utiilze valve
when required Grgraded, sezl return flow to letdown storage tank He- 21
»ot fevieted from ¢ olers
7. Valve fatls to close - Reactor bullding ' tion Seal return flow continves Utilize valve
on demsand due Lo Aagraded, seal . n flow Lo letdown storage tank EP.2y
internal fault nol isolated from Coolers
2.0.2 Pneumatic Operated 1 Valve falls closed Iostrumest Alre Seut return flow Stopped Sesl return flow from all Atteapt to open
Isolation Valve lassuming valve 1s RC pumps stopped walve locelly
HP-21 (HP-W1}) air-to-open)
2. Valve closes on 180 System Seal return {low stopped Sesl return flow from el Attesptl Lo open
spurious signal RC pumps stopped walve locally
3. Valve closea on €S Seal return fiow stopped Sesl return flow from a'l Attompt to open
spurtouws signal RC pumps stopped valve looaily



Table B.3.2. (continued)

Potertial Fallure Mode lamsdiate Effects

Interface At Subsysties Pemmdial Lollom
Component "ode Invo!ved Within Subsystes Interface ¥ithile Subse)stes
Yalve falls closed -- Seal return llow stopped Seal return flow from all Repair component
) due to internal RO pumps stopped
faull
Yalve falls to close - Reactor bullding isoletion Seal return flow continues Ulilize valve
on demand due to degraded, seal return flow Lo letdown sto age tank ne-20
internal faull not isolated from ses.
return coclers
VYalve falls to close (&) Resctor bulleing isclation No effect provided Rone
when required degraded redundant valvs closes
Yaive falls to close 140 System Reactor bullding fsclation Seal return fliw rontinues Utilize valve
when required degroded, aos’ return flow Lo letdown storage tank wr-20
not 1scleted from coolers

2.8.3  Seal Return Yalve falled closed - Sea)l return flow reduced cr Sesl roturn flow froe ell Repalr ocomponent
Filier Throttle (plugged, damaged, stopped RC pumps reduoed or
Yalve WP-277 eta.) ol opped
(HP-¥50)

2.8 Jeal deturn Valve falled closed - Sesl return "low reduced or Seal return flow from all Open bypess
Filter Isoletion (plugged, desarged, stopped RC pumps reduced or valve (WP 280 o
Valvels) HP-278, ote. ) stopped eround fllter o
WP-279 {locel ectiom) o

2.40.5% Seal Return Filter plugged - Seal return flow reduced or Seal return flow froe i) Open b) pass
Filter stopped RC pumps reduced or valve (BP.-2R0)

stopped high srownd fiiter
transaitted on TPT-10N (lorsl sction)

2.5 Ses! Return Cooler(s):

2.5 Manusl Isoletion Valve fatls closed - Seal return flow reduced or Sesl weler flow from all RC Vaive 14 pare
Valvels) HP-72, (plugging, demaged, stopped puaps reduced or stopped aecar (locsd
HWP-T8, WP-T5, stuck closed, ol low)
w7 ate.)

2.5.2 Operating AC Seal Heat exchanger - feal return flow reduced or Seml water flow from all AC Valve In sprfa
Baturn Cooler Lubes blocked stoppen pumps reduced or slopped cooler {iucel
WE-CID (or action) and
Spare NP-CVR; repalr blocked

cooler
fube Tatlure ROW Systes Loss of reactor coolant to Feactor coolent leakage to Yalve In spare

Riw aystem

RCW systiem, reduced seal
water return to letdown
storage tank

cooler (locel
sction) or
1solate seal
return hesder
from control
room \f
required and
take
appropriete
precavtions
for stopping
seal return
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', (pcontinued)

Comronen.

Potentiel Tailiure Mode

lemed i wtm Erfects

Intsripgce
Invoived

Wiihin Subsyoles

L Subspyal o
inler Teoe

Nemedial aotica
Mithie Tbrvsten

2.% 1 Cealer Diacharge
Header fheck Valwe
wp-189

2.8 Systee indel Flows:

e8. Saal Imjection
Flow

L.6.2 WL Pumy
Bectircvistion

2.1 Spotem Piping:

2.7.0  Wenls, Draics,
Pipieg, !ealrueent
Compmotions, etc.

Loms of v

Losx of heat \ognafer
capability aue to
internal gesage

Yepor leok i1n oonler

Yalva falin cionen

(plugging, desaged,
ole.)

Valve tetlle te
prevent backf los

Loss of Tlow

Loss of fhow

Symles lesksy

BN Systize

Seal Water
Coolevn
ietdown
Svorage Tonk
anauy
Filtarie)

D1 noharpe

Sa2) Injection
(Subeg ston
oy,
Puape

HPL Pumps
Rt PELE Y
1.0)

Legs 57 se@l return ocoling
inigh cool®r dischar 3o
| g 8l vire )

Lose of seal raveen cooling
ihigh coaler @lacherge
teaperature)

Reductlon fo seal ret. . o
cooling capecity (high
cooler dischargs
tespersturs)

Seal return Tlow reduced or
st opped

Ho alfecl Suring stesdy
siste Since pressures at
outiel Inlerleces ar.
Jowar thas cooler
diecharge 1ime presaure

Seal return flow from KOS
hotter than normel seal
recut e

Reduced flow through sesl
relw n coulers

Less of reactor coolam

.

Hign tempersture Gfscherge
Lo Letdown mlornge tamk,
bAgh fempur vluiw ressing
on TT-8% o7 TY.NC

High teapersture Jiachenys
to [sidow® shormge Lang,
high ta@perstaore ceadng
on TT-48 or TT-8

Wigh teeperature dischergs
to ietdown storage teeh,
hign tsspersiure resding
on TT-45 or TT-8

¥alvs {0 opare
esaler 1F AC¥
1o evnilabie 1o
¢ Liveos)
L )

Isclicte wifaciud
couiar end
walvw ‘P agors
{4o0ce) action:

1solate sifected
cocler sad
vales 1n space
(locei sotion)

Sesl returs flow te letdvom Repali componant

st orage Lank reduced or
stopped, seal return flow
from cl] W pusps reduced
or sirpped

Mo offecl during stesdy
slate simne grassures st
outiet isterfeces sre
ioner then venler
Alacharge 1lae pressuce

Siightly hetler dlscharye
Tiow to letduwn storsge
Lank

Reduced flow and somewhat
coolmr Atscherge thaw
Wormal to letdoun sLorege
tTunk

hoss of resvior coolaet,
slightiy reduced (low
o letdown Storage Lank

%0 lmmediete
action
recesmary,
Lepalr
component

Rone

Isolate deaks and
repuir &s
ee dod

(3574




Tabie B.3.3.

{Ref'erence:

HP1 pump subsystem
{letdown storage tank {(LST),

inlet fiiters and HPI pumps)

FSAR Figure 9.3-2, Sheet 1)

Sctemtial Fallure Node

Temediaie Effacts

Interfece

Component Mode Tnvolead

Within 5 baystew

AL Subaysies
interTace

Remedinl hotion
Wilthin Susarstes

3.1 Letdown (Makeup) Fillters (2):

3.1 Preumatic Operated 1.
Inlet ¥alvels)
HP-1T (WP-¥294),
WP-18 (WP-¥298)

Yalve foila closed
(nssumed valve i
sir-to-open)

Instrument Alr

2. VYalve falls closed --
due to internal
fault

3. Vaive closes on
spurious signal

14C System

N, Valve inadvertantly -
closes

5. Valve fails to close
when required

IAC, Electrio

Transaitter feilure -
due to iInternal
fauit

2. Incorrect output

due to louss of
Fower

3. Instrusent connection -

leak

3.1.2 Makeup Filter P .
Transmitter 1PT-15

Electric Fower
Supply, 1AC

.13 Filiter(s) 1.
WP-FI1A, HP-FIB

Fliter plugged --

Loas of flow to LST fram
Iatdouwn, ohestcal
sddition, ond aysiew
E LN

Loss of flow to LST froe
letdown, chesiosl
sddition, wnd aystea
makeup

Loss of flow to L3T froe
et own, chemical
sddition, and aystes
sakeup

Loss of flow to LST froe
letdowi., chemical
sddition, swnd sysiem
makoup

Cannot isolate filter for
saintenance

Potential for undetected
filter plugging

Potential for undetected
filter plugging

Seell loss of reactor
coolant and seall
reduction in flow to LST

Letdown, chemical sddition,
and systes makeup (low
reduced or stopped

Reduction and eventusl
loss of svallable
makeup In LST

Reduction snd eveniual
ioss of available
sakeup ‘w LST

Reduction and eventual
loss of avallable
msakeup In LST

Reduction and eventusl
loss of avallable
sakeup in LSV

Ko effect

Incorrect pressure drop
signal to 1&C and
costrol roos

Incorrect pressure drop
signal to ILC and
control roos

Incorrect pressure drop
signal to 14C and
control room

#rduced inventory iIn LST
and high pressure drop
signal to I8C from 1PT-15

Utiilze spare
filter, open
walve looally,
bypass Lo LIT,
or switeh to
BNST i LSY
level an
unacosptebly
low

Utilize spare
fliter, bypass
to LST, or
swilob to BNIT
1 L3T level i»
unacoeptabdly
low

Utilise spars
filter, open
valve looally,
bypass to LIY
or switoh to
BNST §7 LSY
level is
unscoeptably
low

Reopen salve

Bepalr component

Monitor pressure
drop with local
ange

Monitor pressurs
drop with local

sage
Repalr leak

Utillize spare
filter or
bypass fllters
via WP-19

20¢




Table B.3.3.

{(continued)

Component

Potential Fellura Mode

lemediate Effects

Interface
involved

Within Subsystes

At Subsystes
interface

Remedial Action
Within Suoaysten

Manual Filter
Discharge Block
Valvels) WP-S57,
HP-58

3.7 Letdown Storage Tank:

.2 Inlet Check Valve

HP-78

1.2.2 Tenk vent Globe
Valve HP-80

3.2.3  Manual u)/lz
Supply/Isolstion
Yalve H-111

3.2.0 Level Transmitlers

WT-33PY, WLT-33P2

Valve falled closed
(plugging, damaged,
eto.)

Valve falled closed

Valve faila to
orevent Lackfllow

Valve falled closed

(plugged, damaged,
ete.)

Valve falled closed
(plugged, dumaged,
etec.)

Transeitter fallure
due to tnternal
fault

Subsystea 2.0

Subsystes 2.0
(Sesl Return)

Chemical
Addition
(Subsystem
6.0)

ll2 Bulk
Storage,

L]
lioﬂmuu
System

Loss of flow to LST from

letdown, chemical addition,

and system makeup

Loss of all flow to LST,
potential loss of KPSH
to HPI puaps 1f LST
level 18 too low

None during steady state

Loss of norsal LST vent
path, bulldup of
noncondensible gases In
LSY, potentiasl reduction
in A, msase tranafer rate
into reactor coolant

Loss of l? addition 1o LST

If selected transaitter
indicates low flow from
J-way valve sutomatically
transfers letdown flow
to LST and operator wsay
increase LST level with
bleed holdup. Potential
for LST tank overfilling,
M, 8ddition blockage, and
lower H, concentration in
RCS. 1T teansmitter
indicates high, oparator
may decrease letdown flow
and potentially reduce
NPSH on HPL puesps

Reduction and eventual
loss of avallable
sakeup in LST

Reduction snd eventual
loss of svallable
szkeup iIn LST, Fiow
blocked from seal return
{ Subsystem 2.0)

None since check valve
HP-18 in Subsystes 2.0
is & backup

Potentisl recsotion of
concentration in resclor
coolant and reduoction in
0? Som enging capabliity

Reduction in .2
concentration In reasctor
coolant and reduction in
0, scavenging capability

Loss of or incorrect LST
level indication,
incorrect signel to
J-way valve interlock
circull and potentiasl for
red d N Lration

in RCS. ator response

wsay also resull in
decreased letdown (low

Utilize spare
filter path or
bypeass Tilters
via HP-19

Monitor LST
level, switen
to BASY if LSY
level 1»
unscceptably
low

Repalr componen’

Monitor LST
pressure and
level ana
repair

Repalr component

Monitor with
redundant
Lransmitier

toz



Table B.3.3.

(continued)

Potential Fallure Mode

Immediste Effects

Mode

Interface
Involved

Within Subsystes

AL Suhaystes

Interfaoe

Remedial Adotice
¥ithin Subsystes

2. lncorrect output due
to loss of power
to transeitier

3. Instrusent connection
leak

Incorrect output
due to loss of

Pressure %
Transmitler 1PT-10

3.2.%

2. Transwitter fallure

3. Instrusent connectlon
leak

3.3 WPl Puap Suction Headers:

1.3 Motor Operated 1. Valve falls closea
Iscletion ¥alve

HP-23 (HP-¥21)

-

Blectrio Power
Supply, IaC
Systen

Electric Power

Supply, 18C
Systea

If selected transmitter
indicates low flow from
J-way velve sutomalically
transfers leldown flow to
LST and operator may
increase LST level with
bleed holdup. Potential
for LST tank overfilling,
M, addition blockage.
and lower R, concentrstion
in RCS. If transaitter
indicates high, operstor
may decresse letdown flow
and potentislly reduce
NPSH on HP1 pumps

Small loss of LST inventory.
Both transaitters
affected. I selecled
transeitter indicates low
flow from J-way valve
rutomatically transfers
letdoun flow to LST and
operator may increase LST
level with bleed holdup.
Potentisl for LST tank
overfilling, addition
blockage, and lower
concentration in RCS. Ir
transaiiter indicates
high, operstor may
decrease letdown flow and
potentially reduce NPSH on
HPI puaps

Mo effect

No effect

Seall loss of LST inventory

Flow to WPl pumps stopped,
losa of NFSH to NPl puap
resulting poasible In
pusp damage

Loss of or imcorrect LSY
level indicelion,
incorrect signel to
I-wty wilve interlock
eiroult and potentiasl for
reduced concentration
in RCS, tor
response say also ressit
in decreased letdown flow

Loss of or imcorrect LSY
level indiocation,
incorrect signal to
J-way valve inlerlock
cirouit and potential
for reduced
concentralion in ACS,
Operator response say
%180 resuit i decresssd
letdown (low

Loss of or imcorrec! LST
pressure Indication

Loss of or incorrect LST
pressure indicatlion
Loss of or Incorrect LSTY
pressure indication

Ismediate loss of flow to
RC makeup and RC pusp
seals

Rastore powe
eupply or
sonitor wilh
redundsut
Lransamitier IF
on & different
Powar souros

Restors power
supply

Repalr component
Repalr ocomponent

dlign suppl: from
PMST vis molor
operated valves
and align
alternate WPI
pump 1
vequired

hoe



Table B.3.3. (continued)

Potentinl Fallure Mode lmmadliste Effects

Interfacy At Subsysties Bemedial dotlion
Component Mode Invoived ¥ithin Subsysies Interface Within Suvaysties
2. Valve closes on 140 System Flow Lo HPI pusps stopped, lemediate loss of flow to Manually open
spurious signal loss of NPSH to HPI pump RC makeup and RC pump vaive or align
resulting poesible in senls supply from
pump damage BNST via wotor
opersted valves
ST and align
] alternate WPI
punp 17
required
§. Valve tnadvertantly - Flow to WPl pumps stopped, lamedinte loss of flow to Reopen valve,
closed losa of NPSH to HP1 pump RC makeup and RC pump align alternate
resulting possible iIn seals NPI pump I
pump demage required
k. Valve falls to 18C System, LST discharge not isolated No effect Utilize local
close when required Electrio valves for
Power Suppiy, 1solation
Internal
Fault
3.3.2 Check Valve 1 Valve falls closed - Flow to HPI pump stopped, lamediate loss of flow to Align supply from
HP-97 loss of NPSH to WFPI puasp RC makeup and RC pump BNST via sotor
resuiting in possible seals operated walven
pump damage and align
alternate HPI
pump LI
required
2. Valve falls to - No effect during steady No effect during steady Monitor pressure
prevent backfllow state operation state operation and level In
LST.  lsolete
LST if BNST
flow 1s esligned
3.3.3 Hotor Operated 1. Valve falls closed - Flow to HPI pusp 1A stopped, I HP-PIA in use, loss of Trip HP1 pump 1A
Isolation Valve if 1n use pump 1A may be flow to RC sakeup and and use pump 1B
HP-98 (HP-V28A) damaged seal Injection. If
HP-FIB In use, no effect
2. Valve insdvertantly - Flow to KPPl pump 1A stopped, If HP-FIA In use, loss of Trip NP1 pump 14
closed 17 In use pump 1A may be flow to NC sakeup and and use puap 18
Jamaged seal Injection. If
HP-P1B In use, no effect
3. Valve closes on 140 System Flow to WPl pusp 1A stopped, If HP-PIA in use, loss of Trip HPI pump 14
spurious signal if in use pump 1A may be flow to RC sakeup and and use pump 18
dnmaged seal Injection. If
HP-FPIE In use, no effect
4. Valve fatls to Jannot remotely lsolate No effeot Isolate pump
close on demand pump HP-PIA for HP-PIA with
maintenance manual valves.
If desired,

utilize one of
2 remsalining WPl
pumps

50¢



Table B.3.3.

(continued)

Potent1al Fallure Mode

lmmediinte Effects

interface AL Subsystes Remndial Actios
Component hode Involved Within Subsystes Interface Within Suosysties
S. Valve falls to 14C System Cennot remolely iscleste Bo effect Isclate pump
close when pusp WP-PIA for HP-PYA with
required maintenance sanual valves.
If desired,
utilize one of
2 resmaining WFIL
pumpe
6. Valve fails to Electric Power Cannot resotely isclate No effect Isclate puap
close when Supply pump HP-PIA for WP-P1a wath
required ssintenance manual valves.
I desired,

Manual Isclation
Valves HP-99
(HP-¥288), WP-100
(RP-¥28C), WP-11)
(HP-¥26C)

Manual Isolation
Valve WP-107
(HP-V268)

Manusl Isolation
Valve HP-103
(HP-V26A)

Valve falls closed

(plugging, demaged,
ete.)

Valve falls closed
(plugging, damaged,
ete.)

Valve falls closed

(pluggling Jdamaged,
etc.)

HPI Pusps and Discharge Manifold:

Operating WPI Pump
HP-PIA

Spare WPl Pumps
HP-PIB, HWP-PIC

2.

Mechanical fallure
to operste

Fump fells due to
loss of power

Ffuep falls to start
due to signal
fallure

Electric Power
Supply

IR “yatem

Suction to standby pump
HP-P1C blocked. If pusp
i3 started, pump may be
damaged

Suction Lo standby puap
HP-PIB blocked. I puap
1s started, pump msay be
damaged

Flow to operating pump
HP-PI1A bloocked. Unless
pusp 13 tripped, pump
dasage could occur

No discharge flow fros
falled pump

No discharge flow from
falled pump

No discharge llow from
pump demanded

If pump HP-FPIC In use,
loss of flow te KC
sakeup and sesl
injection. If other
pump in use, no effect

If pusp WP-PIB in use,
loss of flow to RC
sakeup and seal
injection. If other
pump 10 use, no effect

If pusp HP-P1A in use,
loss of flow to RC
makeup and seal
injection. If other
pusp In use, no effect

Mo flow to AU makeup or
RL pusp seals

No flow te RC sakeup or
RC pump seals

If puap 1> desanded
vecause of fallure with
operat ing pusp, no flow
to KO sakeup or RC pump
seals If pumps are
Just being switched, no
effect

viilize one of
? resaining WPl
puaps

Utilize alternate
HPL pusp

Utilize slternate
WPl puap

Trip NP1 puap 12
and utilize
pump 1B

Utilize alternate
WPl puap

Restore power or
utilize an
slternate WPI
puap on another
power source

Utilize alternate

HP1 pump,
repalr clrouit

902



Table B.3.3.

(continued)

Potential Fallure Mode

immedinte Effects

Component

Interface
Involved

Within Subsystea

At Subsystems
Interface

Remedial dction
Within Subsystea

j.en

1.086

Discharge Ch ok .

Valve(s) WP-105,
HP-10¥

Recirculastion ¥

Line(s) Associated
With Pumps:
HP-P1A, WP-PIB,
HP-PIC

Discharge Block 1.

Valvel(s) HP-106
(HP-¥3NA), WF-120
(HP-VIAR), HP-110
(HP-¥INC)

Motor Operaled 1.

Isclation ¥alve
HP-115 (NP-¥15a)

Pusp fatls to start
due to internal
tault

Valve in operating
pump discharge fatls
closed (pluggling,
damaged, etc. )

Valve In standby pump
discharge falls
to prevent backflow

Line bluckage due
to plugged dlock
vaive or orifles

Valve In operating
pump d1acharge
falls closed
(plugged, damaged,
ete.)

Valve closes un
spurious signal

Seal Return
Cooler Inlet
(Sul.systes
2.0)

RCP Seals,
Reactor Inlet
Line Loops
A, B and
Crussovers
A and B

18€ “yatem

No discharge flow from
pump demanded

No discharge flow through
fatled valve

Backflow through a
nonoperat ing spare pump to
suction of cperating pump
(potential WPI pumsp
demage )

Potential demage Lo WPl pusp
vis pump deadheading I
puap discharge to sakeup
and seal injection 13 not
enough for pusp operation

No discharge flow through
falled valie

If pump HP-PIA operating,
flow to seal injection is
stopped. If pusp HP-PIB
is operaling, flow to
noreal RC sakeup ia
stopped

If pump i1s demanded
because of fallure with
operating pump, no flow
to B makeup or RC pump
seals. If pumps are
Just being awitohed, mo
effect

Mo flow from operating WPI
pump Lo RC sakeup or RC
pusp seals

Reduced flow to seal
injection and/or sakeup

Potential loss of RC sakeup
and seal injection

Mo discharge (low from
operating WPl pump to
RC pumps seals or RC
makeup

If pusp HP-PIA operating,
flow Lo seal Injection 1s
stopped, I pump HP-PIB

is operating, flow to
normal RC makeup 1s
stopped

Utilize alternate
HPL pump,
repalr pusp

Utilize alternate
HPL pump

isolate falled
chack valve
(loca: action).
Monitor
eritical flows

Utilize alternate
NP1 pump (other
sotion
avallable from
outside the
subsystem)

Utilize alternate
NP1 pumsp

If opersting pump
is HP-PIA,
start pusg
HP-P1B. If
operating pusp
is WP-P13,
start HP-PIA or
(for
unthrottled
sakeup) open

valve HP-118 to

reactor inlet

LOOP B

L0¢Z




Table B.3.3.

(continued)

Potential Fallure Mode

Immediate Effects

Interface At Subaystes Temedial fotiom
Component Hode Involved ¥ithin Subsystem Inturface Within Subsystes
2. Valve fatls closed - If pump HWP-PIA operating, If pusp HP-PIA opersting, If operating puap
due to Internal flow to sesl injection is flow to seal injection is is WP-P14,
fault stopped. If pump HP-P1B stopped. If pump WP-PIB start pusp
is opersting, flow to 1s operating, flow teo LIS 2] NN i
normal RC sakeup in norssl B makeup I oparaling pump
stopped stopped 1 WP-P1B,
start WP-Pid or
(for
unthrottied
makeup) open
valve HP-118 Lo
resctor taiet
LOOP B
3. Vealve inadvertantly - If pump MP-PIA operating, If pusp FP-F1A operating, Reopen valve
closed flow to seal Injection i3 flow tu seal injection is
stopped. 1f pump WP-PIB stopped. If pump WP-P1B
is opersiing, flow to 15 opersting, llow to
normal RC sakeup 1s normel RC makeup is
stopped stopped
A, Valve falls to close 1AC Syastewm, Intended isciastion not wo effect on steady state Utilize local 8
when required Electrie effected operstion isclation boe)
Power Supply, valves
or internal
Fault

Mo effect during norsal

Utilise WP-117

107 Isclation Valve 1. Valve falls open - Loss of separation belween
HWP-118 (HP-¥VI5B) (dumaged, etc.) HPI 1ejection paths A operstion since injection for isolation
ond B path B is normsaily closed
3.00 Isclation Valve 1. Valve falls closed - Loss of ability to use Loss of abliity to use Repalr component
HP-117 (MP-V3SC) (plugging, domaged, HP-FI1E as spare for safely HP-P1B as spare for safety
ete.) injection to cold leg B injection to cold leg B
3.5 System Inlet Flows:

Loss of letdown flow to

Monitor LST level

35 Reactor Coolant 1. Lous of flow Subsystea 1.0 Reduction and eventual loss
Letdown Inlet Flow of svatlable makeup In subsystem end utilize
LST, loss of letdown flow supply from
to subsystem ST, bleed
holdup tank, or
boric acld Lank
3.5.2  RC Bleed Makeup 1. Loss of flow Subsystes 6.0 If in letdown/bleed and Loss of batch inputs to Restore letdown
Feed Inlet Flow feed operating mode, LST from RC bleed flow to LSTY
reduction in LST level makeup
31.5.3 RCP Seal Return ' Lena of (low Subaystem 2.0 Fartial loss of flow to Potential long-ters loss Monitor LST

Inlet Flow

LET, luas of el pump
recirculation

of LST level and
requiresent to switeh
Lo BEST suction

level, utilize
HC bleed makeup
or BMST 1If

required
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Table B.3.4. RC pump seal retui'n subsystem
(Refererice: FSAR Figure 9.3-2, Sheets 1 and 4)

Potential Fallures Mode lmmedinle Effects

Interface At Subaystes
Component Mooe Involved Within Subsystes Interface
AC Pumps Seal Injection Neader:
LIS I | Sesl Injection 1. Valve fatls closed - Seal iInjection flow stopped Sesl injection flow to BC Sepair ocomponent
Header Manual (plugged, damaged, pumps stopped
Isclation Valve eto.)
RP-126 (WP-¥27B)
8.1.2 Sesl Injection 1. Incorrect output due 14C Systes, Wo effect Incorrect pressure signal Repair component
Neader Pressure to loss of power Electric
Transaitter 1PT-18 Power Supply
2. Instrusent connection - Saall loss of reactor Incorrect pressure signa' Repalr component
leak coolant
3. Transsitter fallure - No effect Incorrect pressure signal Repalr o aponent
due to internsl
fault
8.2 PC Pump Seal Filters:
N
LI | Operatirg Filtor 1. Valve fatlls closed - Flow through filter stopped Seal injection flow to Valve in spare 8
Manual Isolation (plugged, damaged, RC pumps stopped filter path, or
Valves WP-29, ete.) by, ess both
HP-132, WP-133, saln and
NP-130 standhy filters
(local sction)
5.3 Opersting Seal 1. Filter plugged - Flow through filter stopped Seal injection flow to Valve In spare
Filter HP-F-18 RC pumps stopped filter path, or
(HP-F-1A Standby’ bypass houh
wain and
standby fliters
(loosl sction)
§.2.3 #Manus! lsclastion 1. Valve falls to - Wo effect during norsal No effect during norsal If one of these
Valves for Standby open on desand oper ‘lon. Loss of spare operation wher spars or backups has
Filter or Bypass ar bypass capsocity bypass 18 not demanded failed, wiilize
HP-28, WP-135 the ressining
one If regquired
LN | Standby Fillter 1. Valve falls closed - Flow through standby fliter wo effect Valve fo fliter
Manusl Isclation (plugged, damaged, prevented bypass If
VYalves HP-129, ete.’ required (local
WP-130, WP-1}1 sction)
8.3 Seal Injection Flow Control:
30 Flow Orifice 1. Orifice plugucd - Seal Injection flow reduced Seal iInjection flow to RC Repalr component

or stopped and control
signal to throttle valve
incorrect

pumps atopped




Table B.3.4,

(continued)

Component

Potentisl Fatlure Mode

lamediate Effects

Interface
Iavolved

Within Subsystes

AL Subsystea
Itarface

Remedial dotion
Within Subsystes

3.2

Flow Controller/
Transmitter 1PT-75%

Flow Control Valve
HP-31 (HP-VA2)

Transaitter fellure

Valve falls open
(valve assumed
air-to-close)

Yalve falls open

Valve falls open
due to Internal
damage

Valve falls closed

Valve fails closed
due to internal
damage or plugging,
ete.

Electrio Power
Supply,
14C Systewm,
Internal
Fault

Instrusent Afr

Control Signal
from 1PT-75,
Electric
Power Supply

Control Stignal
from 1\FT-75,
Electrice
Power Supply

Incorrect signel to flow
control valve, potentiaily
resulling in too such or
too lfttle flow.

Full WPl pusp dischargoe
flow to Intividual seal
injection lines

Full WPl pump discharge
flow to Individusl seal
injection lines

Full WPl pump discharge
flow tv individual sesl
injection lines

Seal injection flow reduced
or stopped

Seal injection flow reduced
or stopped

Negligoble effect for high
flow since flow in
throttlied downstreas. On
low flow, reduced sesl
injection flow to W
pusps. Incorrect signal
to 14C syotem

Negligable offec! on seal
injection supply

Wegligable affsot on seal
injection supply

Negligable effect on seal
injection supply

Sesl injection flow to RC
puaps stopped

Seal Injection flow to RC
puaps stopped

Monltor and
control flow
from individual
seal injection
Iines if
required

Manually control
seal Mlow wilth
HP-180 or with
Individual sesl
injeotion lLine
throttlie valves
(loosl sclijon)

Manually control
seal flow with
RP-100 or wilh
individual seal
injection line
throttie valves
(looal section)

Manually control
senl flow with
HP- 180 or with
individual ses)
injection line
throttle valves
(locsl ection)

Yalve in bypass
and menually
control seasl
flow from
header (HP-180)
or from
individual »eal
injection lines
(looal section)

Yalve in byoass
an. wmanually
control seal
flow from
header (HP-180)
or from
individual seal
injection lines
(local sotion)

i



Table B.3.4

(continued)

Component

Potential Fallure Mode

Immediate Effects

Interfaoe
Involved

Within Subsystea

At Subsystes
laterface

Romndial botloe
Withie Subsystes

.10 Manual Isclation
Valve(s) WP-138,

NP-139

Valve falls closed
(plugged, demaged,

ete.)

4.4 Individusl RC Pusp Seal Injection Lines (& Total,

L | Flow Transalitter(ws)
1FT-10%, 1FT-102,

1FT-103, 1FY-100

Manusl Throttie
Yalveln) HP-6N,
HP-65, HP-66,
HP-67

Check Valves
(2/11ne)

HP- 108, HP-10S,
WP-I86, HP-1AT7,
HP-283, HP-288,
RP-286, WP-393

Manual Izolstion
Valves On Line Lo
RC Pump HP- 398,
ne-28%

4.5 System Inlet Flows:

.51 Seal Injection
Flow From

WPl Pumps

| 8

Incorrect output due
to loss of power

Instrusent connection
leak

Transaitter fallure
due to internal
faull

Yalve falls closed
(plugged, demaged,

eto.)
Valve falls open

Valve falls closed

Valve falls to
pravent backfllow

Valve falls closed

Loas of flow

/R Pump):

I4C System,
Flectric
Power Supply

Subsystes 3.0

Seal injection fiow atopped

Mo effect

Seall loss of resctor
coolant
No effect

Seal injection flow iIn
sffected line stopped

Flow in affected line
unthrottled

Flow in eaffected sesl
injection line stopped
No effect since Lhere are 2
check valves per line

(one inside and one
outside RR)

Flow In affected Seal
Injection line stopped

No flow

Seal injection flow te BC
pumps atopped

Incorrect flow signal
to coMtrol roos

Incorrect flow signal
to control room

Incorreot flow signal
to control rooe

Seal Injection flow to one
RC pump stopped

Sesl injection flow to &
single RC pusp higher
than setpoint

Seal injection flow to &
single RC pump stopped
Mo effect sinoe Lhere are
2 check walvea per line

Seal injection flow to a
single RC pusp stopped

Loss of Seal Injection
to RC pumps

Yalve in bypess
and manually
control seal
flow from
header (RF-180)
or from
individual seal
injection iines
(loocsi sciliom)

Resiors power

Bepair ocomponent
if scceesible
Repalr ocomponent
if socessible

Repalr component
1f scoessibie

Repalr component ,
utilize stop
oheck valves in
line on short
terw basls for
flow throttling
If required
(local sction)

fRepalr component
if acoeseible

Repair component
ot shutdown

Repalr componant
1f sccessible

2ie
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Table B.3.5.
(Reference:

Reactor coolant makeup subsystem
FSAR Figure 9.3-2, Sheets 1 and 4)

Potential Fallure Mode

lmmediate Effects

interface At Subsyslies Remedial dotion
Component Mode Involved Within Subsysties interface Withia Subsystiea
$.1 BResctor Inlet Line Loop A Header:
$.1.1 Manual Isolestion 1. VYalve falls closed -- Makeup flow stoppad Loss of normal sakeup flow  Bepair component
Yalve HP-118 (plugging, damaged, if required
(HP-¥274) ete.) provide makeup
flow vie Loop B
injection peth
{open looal
WP-18 and
throttle with
resote WP-27)
$.1.2 Flow Transaitter 1. Transmitter fallure - No effect Incorrect flow signal on Repair component
FY-7, TA ané 78 due to internal one transelitier
fauit
2. Incorrect output due IAC System, No effect Incorrect flow aignei from =  “re power
to signal fallure Electric all 3 trensmitters supply
Fower Supply
3. I!natrusent connection - Sesall loss of resctor Incorrect flow signals Repair component
leak coolant from all § transailters
$.4.3 Motor Operated 1. Valce opens on 14C System Makeup (low 13 not Increased sakeup flow, Manually close
Yalve HP-26 spurious signal throttled increased pressuriser velve (locel
(HP-V2NR) level, drop in LST level, sction)
potential loss of WPl
pump NPSH
2. Valve gpens on s Hakeup flow 13 not Increased mekeup flow, Manually close

spurious signal

3. Valve inadvertantly -
opened

N, Valwe falls open -
due to internal
faull

(Modes tnvolving fatlure Lo open are part of

5 2 Minimum Flow Bypass Loops:

Valve (atls closed -
(plugging, damaged,
ete.)

5.2.1 Manual Isclastion 1
Valse HP-23N

throttled Increased pressurizer
level, drop in LST level,
potential loss of WPl
pusp NPSH

Increased makeup flow,
increased pressurizer
level, drop In LSY level,
potential loss of HPI
pump WPSH

Increased makoup flow,
inoreased pressurizer
level, drop in LST level,
potential loss of WPI

pump NPSH

Makeup flow 1s not
throttied

Makeup flow is not
throttled

emergency HF) and not iIncluded here)

No rocling flow te
pressurizer spray line
or cold leg inlet
nozzles, no effect on
makeup capacity

No flow through sinisus
flow loop

valve (locel
sotion)

Close valve

Isolate with
KP-118 (locel
aciton) (will
sLop makeup
flow)

Repalr component

nig




Table B.3.5.

{continued)

Potentisl Fallure Mode

lamediste Effects

Interface
Invol 7ed

Within Subaysiew

AL Subsystes
interface

Remedia!l Aotion
Within Subsystes

“omponent
5.2.2 Flow Transmitlers
T, WFT-100
$.2-3 Manual Throttie
Valve HP.-2M)
5.2.8 Manual Throttle
Valve HFP-23%
5.2.5 Manusl .solation
V¥alve HP-j80
5.2.6 Manusl lsolation

Valve HP- 356

Instrusent connection
lonk

Incurrect outpul due
to lose of power

Transatitter fallure
due to Internal
fault

Valve falls closed

Vaive falis open

Vaive fatls closed

(plugging, damaged,
otc.)

Yalve fally open

Vaive fatls closed
(pluggting, damage,
ete.)

Valve falla cliosed
(plugging, Jamage,
ete.)

5.3 Noreal Makeup Flow Ceatrol Loup

Flow Transeitter
1ET-10, 10A, VORE

5.3

Lot rument
leak

onnect jon

Incorrect ontpul due
due te lonn of
power

Tranamitter fatlure

Electric Power
Supply, 18C
System

Eiectric Power
Supply, 18C
Tystem

Sasll loss of ceolent

No effect

No effect

Minteus flow peath blocked
to one of two resctor
ccld leg inlel nozzles

Minteua flow path
unthrottied to one of two
reactor cold leg iniet
nozzles, autosatic
reduct _on in flow Lhrough
noresl sakeup valve

Minisum flow path blocked
to pressurizer spray line
and one of two reactor
cold leg inlet noxzlies

Minisum flow path
unthrotl »d '0o pressurizer
spray 1. ¢ .08 one of two
resctor coid legs,
sutomatis reduction In
flow through norsal
makeup valve

Minisum Tlow path blocked

te pressurizer spray line

Minimus flow path blocked

to owe of two reactor

cold iegs

Small loss of coolant

No elfect

None

Incorre -t flow aignal
to control roos
Incorrect flow signal
to control rooe

Incorrect flow signal
te control room

No cooling flow to one
cold leg inlet nozzle

Excess flow (full HPI pump
discharge Lo sinisus
flow loop) to one reactor
cold leg inlet nozzle,
potential drop In LSY
level

No effect on reactor
sakeup, but no cooling
flow to pressurizer apray
iine or to one cold leg
inlel noxzle

Excess flow to
pressurizer spray line
and to one reactor vold
leg inlet nozzle,
potential drop in LST
level

No bypass flow to
pressurizer spray line

Mo bypass cooling flow to
one of two resctor cold
leg inlet nozzles (no
effect on noreal makeup)

Incorrect flow signal
from all transailiers

Incoriect flow slgnal
from all transelitters

Incorrect flow =ignal
from falled Liansmitter

Repalr component

Restore power
supoly

Repalr component

Repair component

If required valve

WP-230
svaliable to

blook flow into

loop (loosl
sotfon), repalr
component

Nepair component

Close valve
HP-238, or
valves HP-180
and HP-356 1in
resctor
bullding
(loca: sotion)

Repair component

Repalr component

Monitor flow wilh
FT-7, repair
component

Monitor flow with
FY-7, restore
powere supply

Monttor flow with
FT-7, repair
compos. ynt



Table B.3.5. (continued)

Potential Fallure Mode lmmediate Effects

$-3.8

$.3.5

Interfece AL Subsystes Remadial Aotion
Component mode Tovolved Within Subsystes Interface Within Subsysten
Flow Control Velve Yalve falls closed Instrument Alr Normsl (low to reactor Bypass flow continues. If required,
HP-120 (WP-¥23) (assuming valve inles stopped, flow Overall signifiocant manually
is sir-to-open) through ainisus flow loop reduction in makeup flow control with
cont i nues bypass ¥alve
HP-26
Yalve falls closed -- Norsal flow to reactor Bypass flow continwes. If required,
due to internal inlels stopped, flow Overall signiflicant sanually
fault through sinleus flow loop reduction in makeup flow control with
cont inuas bypass valve
HP-26
Valve closes down 14C Systes Norme! flow to reactor Bypusa flow continues. If required,
due Lo incorreot inlets reduced, flow Overall significant wanually
control signs’ through sinisus flow loop reduction in sakeup flow control with
cont inues Lypass valve
NP-26
Valve falls open - HFI flow mot throttled. Excess sakeup flow to RCS, Isclate valve
due Lo Internsi Excess makeup flow to teapor ary decressed RP-120 end
feult R3S bypass flow to manually
pressurizer spray line, control flow
potentisl drop in LST with bypans
holdup, potentisl loss valve W%
of NPSH teo HF1 pusp
Valve opens up dus 14C System WPl flow not throtlled, Excess makeup flow to RCS, Isolate valve
to incorrect Excess mekeup flow to temporary decreased HP-120 and
control signal RCS bypass flow to manuslly
pressurizer sprey line, control flow
poteatial drop tn LST with hypass
holdup, potential loss valve WP-26

Manua! Isolstion

VYalve falls closed

Normal sakeup flow to RCS

of NPSH to HPI pump

Bypass flow continues.

Isolate valve

Valvse HP-119, (plugging, damage, stopped, bypass [low Overall significant HP-120 and
HP-121 ete.) through sinisus flow ioop reduction in makeup flow manuelly
cont i nues control flow
wilh oypass
valve HP-26
Check Valve Valve Tatls cloved - Normal sakeup flow to RCS Bypanss flow continues If required,
HP- 198 (plugging, damage, stopped, bypasy (low Overall significant provide makeup
ete.) through sinisus flow loop reduction in sakeup flow flow vis Loop B
conlinues injection path
({open locsl
WP-118 ana
throttie with
resote P-27)
Valve fatlls to - No effact during steady No effect during steady Repalr component
prevent backflow “tale ope: aiion state operation st shutdown
Inlet Line Ovifice plupgped Normal flow to one of Lwo tlow lmbalance belween Repalr component
Orifices cold legs stopped or the two reactor cold

reduced, increased flow

to the other cold leg

legs

9ie



Table B.3.5. (continued)

Fotential Fallure Mode lamediate Effects
Interface AL Subsystes Remedianl Aotion
Compot ent Mode Involved Si.hin Subaystes Interface Vithin Subsystes
1.6 Irlet Line 1. VYalve falled closed - Norsel flow to one of two tlow isbaisnce between Repair component
Creck Valves (plugging, demage, resctor cold legs stopped the two resctor ocold
NE-126, WP-127 ete.) or recduced, increased fiow leg

to the other cold leg

A Subsystes Inputl:

a0 Flow From 1. Loss of flow Subaystes 3.0 Loss of makeup flow and Loss of sskeup flow and None
NPl Pumps flow to pressurizer spray bypass flow te
iine pressurizer spray line
2. Reduced flow Subsystes 3.0 Reduced sakeup flow and kesduced wakeup flow and #one
reduced flow to bypass reduced flow to
pressurizer spray line pressurizer apray line
.5 Systea Piping:
5.1 VYents, Draine, 1. Systes lesks - lLoss of reactor coolant Loss of resctor coclent, Isclate leaks and
Piping, Instrusent potential for reduction repair as
Connections, eto. in resctor coolant makeup needed

rats

412




Table B.3.6.

Chemical processing subsystasm

(References: FSAR Figures 9.3-1, Sheet 1; 9.3-2, Sheet 3; 9.3-5, Sheet 1, 3, and 4)
Potential Fallure Mode immediate Effscls
interfioe 4t Subsystes Remedial Aotion
Component Mode Invoived ¥Within Subsysiem interface Hithin Subsystem
6.1 Chemstcal! Sadition:
6.1.1  Manual Comtrel 1. ¥; blanke! systes N, Blanket Possible NyHy backllow; no L svallable to Close coalrel
Valve (N-813) falls N, blanket in drum fliters valve B-83
2. Yalve falls closed - ¥o i, blanket in W drus; Protably none
possible explosive mixture
6.1.2 Check Vaive 1. Falls to prevent -~ N Hy backflow; poesible L wvallsble to Close control
(n-80) backflow explosive mizture eup filiers valve B 83
6.1.3 Wydrazine Drus 1. Drus leaks -- Possible explosive sixture; Eventusl losa of N, My Isolste drus and
eventual loss of suction avatlable to makeup replace
pressure Lo pump filters
2. Drus esptied - No MMy L available to Isclate drum and
filters replace
6.1.8  Manual Iscletioca 1. Valves fail closed - No Nl No W, My svailable to Rone
¥alves Ca-B8, oa‘o-' filters
CA-N%5)
£.1.% Manual !solstion 1. Valves fall closed - No N, Hy Mone If alternate flow Open CA-86;
Valves (TA-52, path avallable crossover to
Ca-5%) pump CA-F3
6.1.6 MHydrazine Pump 1. Electric power Electiic Power Pump stops; no Nl None 1f slternate flow Open CA-8;
(Ca-rma) supply fatls path avatlable crossover to
pump CA-F3
2. Pusp falls - No Ny None If alternate (low Open CA-%6;
path avatlable crossover 1o
pump CA-P3
6.0.7 Check Valve 1. falls to prevent - Possible backflow to drus No N.Hy avallable to Close CA-5%
(Ca-56} backflow 1f pusp 13 not running eup fllters
6.1.8 Manual Isclation 1. Demineralized water Demineral ized No demineral ized water #o L10OH avallable to None
Valwve (DM-121) supply falls Water tu tank sakeup fLltme
2. Valve falls c)osed - No demineralized vater No LIOH or Incorrect LIOM Concentration
to Lark concentration avatlable checked via
1o makeup fliters sampling
3. Valve falls open .- Pilutes LION In tank Incorrect LION Concentration
concentrallon avatlable cheched via
to wakenp Mllters sampl log
6.1.9 LIOM Mix Tank 1. Yauk leak~ - Eventual loas of suction Eventual loss of | 10K None
(CA-T3) prensure Lo puap avallable Lo makeup
filtern
2. Tank smptis - No LW No LIt avallable Lo e
makenp f1iter s
6.1.10 Sampling, Waste 1. Limes fall open - T cven et V0O Pecry aned 1100 avalliable None

Lines

to makenp 1oy

gie




Component

Table B.3.6, (continued)
Polenttal Fallure Mooe lamediate 7 forts

Interface At Subsyates
Meode Involved Within Subsystes Interface

femedial Aotion
¥ithin Subsystea

..M

6.1.92

6.0.13

6.1.1%

6.0.1%

6.1.1%

L 2

6.1.18

6.1.19

Ma sal Isclattion
Valve (CA-WN)

Manual Isolation
Valve (Ca-N7,
Ca-49)

LiOH Pump (CA-P3)

Check Valve
(Ca-%1)

Manual Isolatton
Valve (DW-120)

Caustic Mix Tank
(ca-11)

Manual Isclstion
Valves (CA-38,
CA-35, CA-37)

Caustic Pumyp
(Ca-pP1)

Sampltng,
Waste Lines

Valve falls closed

Valves fall closed

Electric pos r
supply fatls

Pump fatls

Falls to prevent
backl low

Demineraltzed water

supply falls

Valve falls closed

Valve falls open

Tank leaks

Tank captie:

Valves fall closed

Elvctrlic power
supply falis

Pumg falls

fines fall open

Electric Power

lemineral ized
Water

Electric Power

No Liod

No Li0W

Pump stops; no LION

No L10M

Fossible backflow to tank
if pusp i3 not running

No demineral ized water to
tank; no caustic or
Incorrect caustic
concentration available
to boron recovery

No demineral 1zed water
to tank; no csustic
or incorrect caustic
concentration availshle
to boron recovery

Dilutes caustic In Llank;
incorrect caustic
concentration avatlable
to boron recovery

Eventual loss of suction
pressure Lo pump

No caustic avallable to
boron recovery

No caustie avallable to
boron recovery

Pump stops; no caustie
avallable Lo boros
recovery

Ho caustic avallabie to
boron recovery

Pecreancd cauztic avallable

Lo buren recovery

Mo LiOK svallable to
wmake p fllters

None If alternate flow
Path avatlable

None If alternste flow
paln avallable

None 1f alternate MMlow
path avallable

No LIOM avatlable to
sakeup filters

Mo caustic or incorrect
caustic concentration
avatlable to LPI1 pumps

Wo caustic or incorrect
caustic concentralion
avallable to LFI pumps

Incorrect caustic
concentration avalisble
to LPI pusps

Eventual losa of caustic
avallable to LF] pumps

No caustic avallable to
LPL pumps

No cauntic avallable to
LP1 pumps
No caurtiec avatlable

to LPIL pumps

No caustie avatlable
to LPI pumyps

Peereased caustic avalinble

to LPL pumps

Open CA-0;
crossover Lo
pump CA-PO

Open CA-86;
crossover to
pump Ca-FN

Open CA-WN6;
arossover to
pump Ca-PY

Close Ca-09

Concentre®ion
checked via o
ssmpl ing -

Concentration
checked via
sampling

Concentration
checked via
sampling

None




Table B.3.6.

{(continued)

Polential Fallure Mode

Immediate Effects

Interface At Subsystes Rewedial Actiocm
Component mode Invol ved Within Subsystem Interface ¥ithin Scbe)siem
6.2 Boric Mcid Mdition:
6.2.7 manual Isclation 1. Deminerali:ed walter Demineralized No demsineral ized waler Lo Nooe 1f concentrated Concentration
Valve (Dw-118) supply falls Water tank; no boric aciéd or boric scid svailable checked via
incorreot boric scid from boron recovery or campl ing
concentration avallable adequate concenlraled
Lo concentrated boric boric scid storage tank
acid storage tanks iny 'atory Is avalliasble
2. Walve falls closed -- Mo demineralized waler to None (f concentrated Concentration
tank; no boric acid or boric scid svellsble checked via
incorrect boric acid from boron recovery or sampling
concentration svallatlie to sdequate cuncenlrs'ed
concentrated boric scid boric scid storage tank
storsge lLanks inventory is svailable
3. Valve falls open - Dilutes boric scid; None If concentrated Concentration
tncorrect boric scid boric acid svatlsble checked via
concentration Lo concen- from boron recovery or sampl ing
trated boric scid storage adequate concenlrated
Lanks boric scid storage tank
ioventory 1s avallabdle
6.2.2 Borie Acld 1. Blectric power flectric Power Weater falls; boric acld None if concentrated feplace heater;
Mix Tank supply 1 tls may crystallize; small boric scid svallable unplug |ines
(Ca-12) potential for plugging from borom recovery or
and loss of flow to sdegquate concentrated
storage tanks boriec scid storage tank
Inventory 18 avallable
2. MHeater falls - Furte acid say crystallize; None If concentreted Replace heater,
small potential for boric scid svallable unplug lines
pluggtng and loss of flow from boron recovery or
Lo storage tanks sdcquate concentrated
boric acld storage tank
Inveatory Is avatlable
3. Tank leak: - Eventual loss of suction None 1f concentrated None
pressure Lo pumsps buric acid svatlabie
from boron recovery or
adequale concent:ated
boric scid storage tank
tnventory 18 avatlable
8, Tank captics - No bhorte acld flow to None 1f concentrated None
concentr.ted boric boric acid avallable
avid storage tanks from horon recovery or
adeguate concentrated
Lorte acld storape Lank
inventory 18 avellalle
6.2.3% Level Transmitter 1. Electric power flectric Fower Mo locsl devel Indication No level fndication lo None
supply falls 180 ayotem
2 Connection leaks Piocess Sigoal Incorrect signal Lo No level fudicetion to None
trannalitier 1M systim
Mo loval Tevel Indical lon No level fndieation to None

1.

Transmiticr fatla -

18 sy om

0ee




Table B.3.6. (continued)

Potent1al Fallure Mode lamediate Effects

Interface AL Subsystem Remedial Action
{omponent Mode Involved Within Subaystes Interface Within Subsystes
6.2.08 Temperature 1. Eleclrlc gower Electiric Power Mo local leaperature None None
Transmitter supply .11 Indicattion
2. Connection lcaks Frocess Signal Incorrect signal to Hone None
transal!iter
3. Transmitte: fatls - %o local tempersiure None Hone
indication
6.2.% Manual Isclation 1. Valve fally loned - No boric acid to None if concentrated None
Valwe (TA-N) storage tanks boric acid svallable
from boron recovery or
adequate concentrated
borio scid storage tank
inventory is available
6.2.8 Miscellaneous 1. Electric power Electrtc Power Boric 4o1d may crystallize; None I concentrated Restore lrace
Piping supply to trace smal) potentis] for boric acid avalleble heating; unplug
heating fatls plugging and loss of flow from boron recovery or 1ines
te concentrated boric acid sdequate concentrated
storsge tanks boric acld storage tank
inventory is avallable
2. Trare heating fatls - Boric acld may crystallize; None If concenlrated Restore trace
seall potential for boric scid avetlable hoating unplug
plogeing and loss of flos from boron recovery or 1ines
to concentrated boriec acld adequate concentrated
storage Lanks boriec acid storoge tank
inventory is svaliable
6.2.7 Manual Isolation 1. Valve falls closed - No boric acid Lo concen- None Al ternate low
Valve (CA-5) trated boric storage path through
tanka; alternate flow Ca-p28
path avatiabie svailable
£.2.8 1P Borse Actd 1. Electrie power Flectric Power Pump stops; no boric acld None Alternate flow
Fump (CA-P2A) supply fatls to concentrated alorage patlh through
tavks; alternate flow Ca-p28
path avallable avallable
2. Pump falls - No bortie acid to concen- None Alternate flow
trated bortec acld storage path through
tanks, slternate flow CA-P2B
pealh avallable svallable
6.2.9 Manual Isolation 1. Valve fall: sloned - No bortc actd to concen- None Alternate (low
Valve (CA-T) trated boric actd storage path through
tanks; alternate flow Ca-p28
path avallable avallable
6.2.10 Check Valve (CR-15) 1, Falls te prevent - Fossible backllow to et None Close isolation

Larkl ) om

tank 11 puap Is nol
running; alternate flow
path avezilable

valve CA-T;
slternate (1w
path through
CA-P/B
avallable



6.2.

6.2.

6.2.

6.2.

6.2

6.2.

6.2.

6.2,

2

"

%

13
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Table B.3.6.

(continued)

Component

Potential Fallure Mode

Mode

Manusl Isolation
VYalves (1CA-Y6,
1CA-13, 1C-08,
eto.)

Pressure
Transeitter

Check Valve
(Ca-8%)

Manual Isclattion
Valve (CA-25)

HP Boric Acid
Puap (CA-P5)

Manual Isclation
Valves (1CA-26,
1CA-28)

Manual Control
Valve (C5-862)

Concentrated Burlce
Actd Storage Tank
(WD-122)

Valves fall closed

Electric power
supply falls

Connection leaks
Transsitter falls

Falls to provent
backl low

Vaive falls closed

Electric power
supply f-iis
Pump fatls

Valves fatl to open,

fatl closea

Valve (alls losed

N, blanket

' system (.00

Electric power
~upply to Lrace
heating falls

Irvoe heating falls

Inde t boprte aoid
thom Fat)

ifamediate Effects

Electric Power

Process Signal

Electric Power

n, ki anket

Electric Power

Borte Acld
From Mix
Tonk/RC Bleen
Evaporator
Concentrate
Cooder

Within Subsyolew

At Subsystiems
interface

Bo boric scid to concen-
trated boric acid
storage tanks

Mo local pressure Indication

Incorrect signal to
transetitter
o local pressure indication

Possible backflow If pump
is nol running

No boric aclia

Puap stope; no boric acid

Mo boric actd

Mo borlc acld

No horte acld to concen-
trated boric acid storage
tanks

Poasible boric acld
backi low

Boric acid crystallizes;
potential plugging and
loas i flow

Boric acld crystalliizes;
potential plugging ard
loss of tlow

No borte actd

Bone If concentrated
boric scid svalliable
from boron recovery or
adequate concenlrated
boric acid storage tank
inventory is avallable

Mo pressure indication to
140 systew

No pressure Indicatiom to
TAC system

S pressure indication to
140 system

None 1f concenlrated boric
acid avallsble from
concentrated boric acid
transfer pusps

No borlc scid avallable
to vore flood tanks

Mo boric scid avallable
to core flood Lenk
No boric acld avallable
to cure flood tank

No boric scid avaellable
to core flood tank

Mo bortc sclid avallable
to makeup filters, BWST

None

Mo boric acid svallable
to makeup ilters, BWST

Mo Loric arid avallable
to makcup fllters, BUSY

None unless concentrated
berle acld storage tanks
are empty

femedinl Aotion
¥ithin Subaystes

Close 1CA-16,
1CA-18

i i1 i

Alternate flow
path avallable

Close ocontrol
valve C5-42

Alternate flow
path avallsbie

Alternate Mlow
path avallable

Alternate (low
path avallabie

cee




Cosponent

Table B.3.6.

Potent1al Fallure Mode

Interface
Involwed

6.2.19

6.2.21

6.2.22

6.2.23

6.2.20

Level Transeiltter

Manuval Iscletion,
Control Valves
(C5-63, C5-68,
cs-67)

Concentrated Buric
Acid Transler Pump
(WD-P22)

Manual Isclation
Valve (C5-68)

Manval Isciatton
Valves ((S-77,
C5-16)

Che k Valve
(€S-79%)

Marwal Tontr ol
Valve (C5-81)

5. Tank leaks

€. Tank emapties

T. TYank vent, rellefl
valves fal)l open

8. UDratin, sasple lines
fall open

1. Flectrie prwer
supply
2. Counnection leaks

3. Transmitter falls

1. Valves fatl cloved

V. Electric power

supply Falls
2. Pump falls

1. Jalve fatln closen

1. Valven fail closed

1. Fatis to purvent
Lokl om

" Bleed Holdup Tanks and Toan fer Porps

1. RC Bleed (low fatls

2. Valve (alln cluoed

tieclric Power

Process Stgnal

Electric Power

RC Bleed Flow

{continued

Immediate Effects

Within Subsystes

AL Subsyestems

Interface

Remedial dotion
within Subeysies

fossible flooding:
eventuai loss of
suclion pressure to

pusp
Mo boric actid

Cover gas release to vent
header

Decrcased boric acid

Mo local level Indication

Incorrect signal to
transmitter
No local level indication

Mo borlc acid

Pump stops; no boric acld

No boric ectd

No Soric acia

No bortic scid

Fossibie backlflow 1f pusy
18 nul running

RC biecd holdup tank could
ecmply; no lepact =ince
rest of subsysiea
aperates only on desand

R bleed holdup tank could
eaply; no lepact since
rest of subsystes
operates only on domand

Eventual loss of boric
#c1d svaliable 1o makeup
fliters, BMSY

Mo boric mcid available
to makeup flliters, BUSTY
Nore

Decreased boric acld
avallable to makeup
filitern, BWST

Ko l=vel Indicatior to
T4 system

No level indication to
14C system

No level indication to
180 system

No boric acid avallsdie
to makeup filters, BWST

No boric acid svailable
L) makeup filters, BWST

No forto acld svallable
Le makeup filters, BWST

%o borle scid avallable
to makeup filters, MNSY

Mo berie acid avallable
to avallable to sakeup
filters, BWST

None If concentrated
bor ic acid avallable
from LP borie acld pump

Noow | alternate flow
pat . avatlable

Hove f alterpate Flow
pats avallable

Alternate flow
path avallabie

Alternate flow
path avetllale
wone

Aternate flow
path avallable

None

None

None

Alternate (low
path avallable

Alternate flow
sath svallable

Alternate flow
path avallable

Alternate flow
path avallab e

Alternate Mlow
path available

Close C5-72

Alternate bleea
flow avallable

Bleed flow can be
diverted to
2D-T218

gee



Table B.3.6.

{(continued)

Potential Fetlure Mode

Immediate Effects

Interface AL Subsystes
Component Mode Invol ved Within Subaystes Interface
6.3.2 RC Bleed Holdup 1. N, tlanket N, Blanket Tank cannol be purged; no None 17 alterpate (low
Tenk (IWD-T214) systes falls iapact since rest of path avallable
subaystes operates only
on desand
2. Tank leaks - Fossible flooding; eventual None Af alternste flow Allernate bleed
loas of suction pressure path avallasble flow svallable
to pump; no tepact since
resl of subsystem operates
only on desand
3. Tenk empties - Mo flow; no impact since None If alternate flow Allernate bleed
rest of subsysies operates palh avallable flow avstiable
only on demand
8. Tank vent, reliefl -~ Cover gas release to vent None None
valves fall open header
6.3.3% Level Transeitter 1. Electiic power Electric Power Bo local level indication Bo level indication to Bone
supply Talls I4C system
2. Counection lcesk Process Signal Incorrect signal to No level indicetion to None
transaitler IAC system N
3. Transaitter fallure - Mo local level indication Bo level iIndication to None N
14C system &=
6.3.% Miscellaneous 1. Electric power Electric Power Boric scld say crystallize; None If alternate Clow Restore trace
Piping supply to trace small potential for path available heating; waplug
heating fatls plugging and loss of flow; iines; alter-
no iepact since rest of nate bleed flow
subrystems operates only on avsilable
deaand
2. Trace heating falls - Boric acld may crystaliize; Nome 1 alternate Mlow Restore lrace
smsll potentisl for path avallable heating, unplug
plugging and loss of flow; 1ines; alter-
»o impact since rest of nate bleed flow
subsystes operates only avallable
on demand
6.3.5% Waste, Drain, 1. Lines fall open - Decreased flow; no fmpact None I alternate flow Lllernate bleed
Sampie Lines aince resl of subsystes path avatlable flow svallable
cperates only on desand
6.31.6 Manual Isclattion 1. Valves fail closed - Mo flow to pump; no lapact None if alternate flow Alternate blced
Valves (CS-42, stnce rest of subsystem path avalladle flow avallatle
CS-188, CS-WN) cperates only on desand
6.3.7 RC Bleed Tranafer 1. Elrctric power flectric Power Pusp stops; no flow to None I alternate (low Alternaie bleed
Pump (IND-F214) supply fails bhuron recovery path avallable flom avallable
2., Pump falls - No flow Lo boron recovery None If allernale flow Alternate bleed
path avallable flow avallatie
6.3.8  (heck Valve 1. Fails Lo grvvent - Pos=ible backllow If pump Nonc i1 alternate flow Close control

(CS-%5)

Gackllow

1s not running

path avatlable

valve CS5-86



Table B.3.6.

Potentisl Fallure Mode

Interface
Involved

(continued)

Ismediate Effects

Within Subsystems

At Subsystes
Interface

Remedial sotion
Within Subaystes

(omgonent
6.3.9 Flow Orifice
6.3.10 Flow Transaitter
6.3.11 Manual Control
Valve (CS5-86)
6.3.12 Manual Isolation
Valves (CsS-80,
€S-172, C1-1)
6.1.13 Manual Isclation
Valve (CT-88)
6.5.18 BC Demineralized

Water Holdup

Tank (1WD-T218)

6.3.15 Leval Transmitter

6.3.16 WNaste, Dratn,
Sample Lines

1. Orifiee plugs

1. HEectric power
supply fatls

2. Conmection leak
1. Transaitter fatlure

1. Valve lalls closed

1. Valves (all closed

1. Demineralized water
supply fatlls

2. Valve falls c'osed

1. N, blankel cystem

fatls

2. Tank leaks

1. Tank emptiec

8. Tank vent, reltefl
valves fal) open

t. Fleciric power
supply fatls
2. Conmnection leak

3. Transsitter fallure

1. Liwes fall open

Electric Power

Process Signal

Demineral tzed
Water

N, Flanket

Electric Power

Process Signal

No (low to borom recovery

Mo local flow indication

Incorrect signal to
transeitter
Mo locel flow tndication

Nc flow to boron recovery

No flow to boron recovery

Demiveral 1zed water holdup
tank could emply

Demineralized water holdup
tank could empty

Tank cannot be purged
and 18 unavailable

Possible flooding;
evertual loss of
suction pressure
to pusp

No demineralized water

Cover gas release Lo vent
header

Mo Jocsl level ind! ation
Incorrect signal to

Lransmitter
No local level indlication

Puecreaned deminoral tzed
woaler

None If alternste (low
path avallable

No flow indication to
IAC systea

Mo flow indicetion Lo
IAC system

Mo flow Indicatlion to
14C system

None If alternate flow
path avallable

None If altercate flow
path avallaole

No demines al ized wvater
to sakeup filters

Ko demineral ized water
to makeup fiters

No demineralized water
Lo makeup filters

Eventual loss of
demineral ized water
Lo makeup fllters

No demineral ized water
to makeup fllters

None

Ho level indication to
14C system

Mo level indicalion to
14C system

No level Indication to
I8C syatem

Decreased demineral 1zed
watler to makeup (1)ters

Alternate bleed
flow svallable

None
None

None

Aternate bleed
flow avallable

Alternate bleed
flow avalliable

Alternnte
demineralized
water flow path
svallable

Alternate
deminerslized
water flow path
available

Alternate
demineral ized
water flow psth
svallable

Alternate
demineral ized
water flow path
available

Alternate
demineral lzed
water flow path
avallable

None

None

None

None

Allernate
demineral ized

wator flow path
avallable

Gee



Table B.3.6.

(continued)

Potential Fallure Mode

Immediate Effects

Interface At Subsystes Semedial Action
Component Mode Invol ved Within Subsystes Inteiface Within Subaystes
$.3.17 Miscellanecus 1. Electric power Eleciric Power Buric acld say corystallize; ¥o demineralized water Reslore trace
Piping supply Lo trace saall potential for 1o makeup filters healing;
heating falls plugging and lLoss of flow unplug lines;
altornate
demineral ized
water flow path
svailable
2. Trace heating falls - Boric scid may crystallize; Mo deminerslired water Restore trace
small potential for 1o makeup filters heating;
plugging and loss of flow unplug lines;
slternate
demineral ized
waler flow path
avsilsble
6.3.18 Manusl Isclation 1. Valves fall clused - No demineralized water Mo dewinecal ized water Alternate
Valves (CS-52, to pump Lo mabesp flilers deminarsl tzed
CS- 189, CS-SN) water flow path
svailable
6.3.19 RC Bleed Transfer 1. Electric power Eleciric Power Pump stups; no ¥o demineralized water Al lernate
Pump (1ND-P218) svrply falls desineral ized water to makeup filters desineral ized
waler flow path
avrilable
2. Pumsp falls - No demineralized water No demineralized vater Alternate
to makeup filters deminecal (zed
water flow path
avallable
6.3.20 Flow Orifice 1. Oriftce plug: - Pecreased desineralized Decreased demineralired Alternate
water water to makeup fllters demineral ized
wator flow path
svailable
6.3.27 Manual Control 1. Valve fails closed - No demineral ized water No demineral ized water Alternate
Valve (C5-56) to makeup fllters demineralized
water flow palh
avallable
$.3.22 Flow Transeitter 1. Flecirte power Flectric Power Mo lecal flow indication Mo flow indication to wone
supply falls 14C system
2. Couonection leak Process Signal Incarrect signal to No flow indicalion to Wone
transeitler 14C systea
3. Tranwitter (il No local flow indication Ho flow indication to None
14C system
6.3.21 Check Valve 1. Falls to prevent Possible backflow If pump No demineral ized water Close control

(€5-55%)

backllow

1s not running

to makeup filters

valve CS-56

9c¢e
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Table B.3.6. (continued)

Potential Fallure Mode jamediate Effects

Interface At Subsystes Remedial Aotiom
Component Mode Involved Within Subsysies Interface ¥ithin Subaystem
3. Transeitter falls - Incorrect signal te flow Mo fiow indication in Bone
control valve (see 6.3.26) 14C system
6.3.32 Control Valve 1. Contrel signal falls Control Signal Loos of flow to Mo demineralized waler Hone
(HP-16) to open valve From 3-Way sakeup filters Lo makeup Milters
Valve
2. Control sipnal falle Control Signal Loss of flow contrel to Incresse In deminerslized Close mamual
Lo close valve From 3-Way sakeup Fllters water Lo sakeup filters isclation
Yalve walves
close WP-192
3. Inatrusent alr Instrusent Alr Loss of flow to Mo demioeralized water mone
supply falls sakeup fllters to makeup filters
N, Electric power Electric Powesr lLosd of (low te o deminerel lned water None
supply falle sakeup fllters to wakeup Tiltars
S. Spurious signal to Control Signal Loss of flex conmtrol to Increase in desinerz]ized Close manual
open valve From J-way wakuup Ctiters waier to makeup fiitlers iscistion
Vnlve valves;
close WP-192
6. Spurious signal to Control Sigeal Loss of Tiow to Bo Avelneral (zed weolel e o
close walve From 1-¥ey makeuy f1dters 10 esveup Tlilers N
Valve s 5
7. Intermal walve - Apan of flow teo o cdewineralited waler nore
fallure saboup filt=rs o masbénp filters

6.8 Boron Recovery:

6.8.1  Manual Isclation 1. & bleed flow 8 Mieed Flom No fifw ¢ Toed tank, Tank  Mene (F feed took Ia Tulk Rlteraate fliow
VYalves (CT-3, fatls From Moidup hos 8 Mour cepality; borom path avaliable
cT-5) Task recovery will conline

unt 1l tank fe aepty

2. Waives fsl) closed -~ Ko floe te desimeraliver; Wooe 1: sltermate flow pitarnate Tlow
no effact sinte second ya'h available path avalletis
demimer 4l taer avallabie

6.8.2 RC Pleed 1. Resin f11] falis Sastin 5100 Mo dewiveralizing copacity, mone 1T alteroete flow Alternsle f)ow
Evaporatlor no effect since second path avallable peth evailable
Demineraliver demineral tzer soeilalie

2. Yank leaks - bacrcased [low; nc of{ect Sone il alternate flow Aitermate (low
since Sccond deslned sl izer path avel)abie peth svallatle
evailabis

3. Tank svert talls - Decyeased Fhom;, mo eff.ot Rome (F altertatc Tlow Aternate flow

apen stuce Second SJemltaral izer path awal)otin paln svatlaobie
avallable

6.0, 1% Manual Isolstior . Valves fall cjosed - o flow; no sflecl siace Bome AT alterrate flce Al ternate flow
Velves (CT-8, CT-%) smcond deseirerallzer jalh avatishle patsr erailable

@vatlatlie

.88 Manual Iaciation A, Waive fall= ciand - No fhow to Tepd fank. Tank Pome A ferd taos s Full Tatotiinn

¥alve (CY-18) has 8-hour capacily; Doros recireolation
Tiow Trom

teceovery Wikl cortinue
unt§l Lank i empty

v apuralor




Compnrent

Table B.3.8

Poreptia’ Fallure Mode
loter fTace
Node Invol ved

A S ——— A——————. F R —

€.40.5 Miscellsneous

viping

Manual Iscletion
Valves (CT-Y4,
CT-19, Ca-8§,
CY-49, CT-36)

Check Valver
(cy-18, (7.37,
C1-17)

ke Bleed
Evapora®or Feed
Tenk (WD-T82)

£.0.9  fevel Tran-mitier

Eiectric power
supply featls

fFract hesting fatls

Fiecirta Poner

Feoperator Evapurstor
SGeminera  fonr Peainersl 1ior
Tlow fatle, Fr. 16 Fio~

fa')s cionsed
Caustlc [lew rails;
CaA-88 fall® chossd

Caudtto Flow

Distiljate flow Cails; oOfstitiale
1-49 favia clated Couler
Flow
Teacartrnie flow [oncentrate
back U. feed » wk; Flow

(T-36 fatle ope~

¥olve CT4\1Q falls
04 O%ed

Fall te prevent
SackTlow

Tany leaks

Tank captto®

Taok want, relief
Yalvens faill open

Elechitc gnwey

wipply fat)s
Cormst lon 1eak

Tearcmtit ter Callare

Electrin Piawer
Process Shgnat

e T ———

{€ontinued

immadiste Effacty

Within “haystet

. S————,

e ———

Al Scbapot e
lvrerface

Remsdiai betiom
Slnie subaysiie

Boric ecie msay ©rysiallise;
sasl’' sotenlial for
plugging and \oas o ‘jow

Borlc sold mey orymlat!lze;
Mmell pooentie: for
wlugking sed Loss of flow

Ko Mo Yo fend tenll. Teni
nir £ hour cepacity, boron
recovary w111 coot|hus
WALl tame (4 ewipty

Chesical imhelance in boron
acofary 8, Moe.

No Tiom 1@ fend cank, Tank
hea S-Bowr ogpeciiy; Bor.on
cecovary wi'l centipue
wnt i) tark 1o emply

(onceorireted tor i€ acid
riurned t Yy Lank; mo
burok recovery

o flow Lo feed tGrk, Teak
has §-hove capecity: berop
TRcOvery will comtioue
wnf il tack 1» efply

Foanible bechlliow to
cufvenirate pUnp,
evapOTral oc demin®ral ixec

Decrcaned flow; eventus)
voss of sworlen wredsurs
to puep.  Tenk was B-hour
cagacitly . woron recuvery
wil? eorlinve aniil lank
i ety

Wo Tlow. poron recow ry
stops unti! LAwk refilled

Pecreased Tlow. Tank mav
L hour capacity; Bores
recovery will cestinue
entif tank s emply

o locel level infication
incofrect algnal to

tr anssl tter
%o booal lewel inditalion

Woc un! 48a conornis gled
o de aeté storagt lanke
6 mmply

Booe wnl sae ocacentrated
boric ecid storage tants
T ampty

Sone if feed tank te Tull

Them) ~al 1a4s ance in
borii s2id to aseeup
ftirers, ST

Mone (f Fesd Lamk §o Full

Wotw uftless conternlratesd
borif acid stocage tanks
Are emply

Nome 17 fewd lonk 1% full

Wone unlems concentrated
Uoras mctd storage tanks
are oLy

Hone AC ferd tank e Cull

Node anfess Concenireted
harte metd st orage tenks
are ewply

None \f (eed vank 1> re))

Note

AWt we Lrecs
hasiiag, wnplug
inea

Aeni®re irece
Eealing: unplug
1ines

Eatablise
reeirt ulab tof
flow from
ovapor Stor

More

Extablieh
fiftrouleitca
flow frem
avapora ! e
Choee TT 48 to
Torue ny
concaslrate "~
fliow w <
capventrais
opojer
entshliek
secirouistion
flow frim
Syagoretor

Closs !sciation
vilves €T 2§
Gnd CT 19

Bone

{

:



Table B.3.6.

{continued)

Component

Motential Fallure Mode

Interface
Involved

Inmedinte Eifects

Vithin Subsystes

M Subsysies
interface

Remedinl dolioe
Within Subsysies

6.8.16 MNenual jaciction
¥alves (CT-22,
cT-23)

6.4.11 AC Bleed
Evaporator Yeed

Pusp (VD-PRG)

6.0.12 Pressure

franseitter Falls

Manus! Isolation
Valve (CT-20)

6.0.13

6.8.10 Control Valve

(CT-2%)

1 Velven fall closed

1. Electric power
supply falis

2. Pump falls

1. Electric power
sapply falls
2. Connection leak

3. Transsitter falls

1. Valve fall® closed

1. Coutrol signal
fatls to upen/
valve clove

2. lestrument air
supply folla

Elect fc Power

Electric Power

Proceas Signsl

Control Signal
From
fraporator
Level

Instrument Alr

%o flow to evaporetor Teed
panp. Meciroulatlion flow
path can be establ ished
through evaporator but
Loron recovery stoge

Pump stope; me flow Lo
avapocator. Reciroulation
fiow path can be
establ ished Lhrough
eveporstor but boron
recovery stops

N flow to evaporstor,
Bectirculation Tlow path
can be established through
evaporator but boron
recovery stops

Wo local presswure lndlioat.on

Incorrect sigmal to
transeitter
%o local preasure indication

Mo flow to evaporator.
Recirculation flow path
can be eatahlished through
evaporator bul boron
recovery stops

Loss of flow control to
evaporator, Could flood
evaporator or allow
dryout. Recirculation
flow paths to leed tank
or evaporator can be
established. Boron
recovery stops

Loas of flow control to
evaporator. Could flood
evaporator or allow
dryout. Recirculation
flow paths to feed tank
or evaporator can e
established, Boron
recovery slops

None wnless concentreted
Buric acld storage tenks
wre septy

Wone unleas comcantrated
boric acid storage Lanks
are saply

Wope wnless concarntrsted
boric scid storages tanks
are emply

None
None
Mone
None uniess concentrated

boric scid storage lanks
are empty

None unless concentrated
boric scid storage tanks
are emply

None unless concontrated
boric acid storage tanks
are emply

frlablinn
reciroulatica
flow fres

Establish
recirculeiton
flow from
evaporator

Establish
reciroulation
flow from
evaporoator

ote

Establish
recirculstion
flow from
evaporator

Establish
recirculation
flow to feed
tank or
evaporator

Establish
recirculation
flow to feed
tank or
evaporator



Table B.3.6.

Fotential Fatlure Mode

Interfuce
Component Mode Invol ved
3. Spurious eignal Control Signal
Lo open/valve From
close Evaporator
Level
V. Internal wvalve -
fatlure
6.8.15 Check Valve 1. Falls to prevent -
(CY-29] backllow
6.8, 16 Waste, Drain, 1. Lines fall open -
Sample Lires
6.8.17 RC Bleed . N, blanket systes N, Blunket
Evaporator fat)s
(WD-EVY) 2. Steam supply falls Steam

3. BRlocked tubes

8. Tube ruptue

S. Lora of heat transfer
capablility

6. Blectrle power
wupply 1)

Fleotete Power

(continued)

lemediate Effects

Within Subaystems

Loas of flow control to
evaporator. Could flood
evaporator or allow
dryout., Reciroulstion
flow paths to feed tank
or evaporastor can be
established. Boron
recovery slops

Loss of flow control to
evaporator., Could flood
evaporator or allow
dryout, Recirculstion
filow paths to feed tank
or svaporator can bLe
establ ished. Boron
recovery stops

Pos~ible backflow 1f pusp
is nol running

Decreased Vlow to
evaporator. Recliroulation
flow path can be
establ ished Lhrough
cyaporator but boron
recovery sLops

Fosstible explosive mixture
formn

Evaporator floods. No
boron recovery

Decreased heat trannfer;
decrease in boron
recovery

Steam released to
evaporsLor vapor space;
decrease in boron
recovery

Evaporator floods. WNo
boron recovery

Concenlrate heater falls;
potential plugring and
tony of flow

At Subsystems
Interface

Remedial dotiom
Within Subaysten

None unless concentrated
boric acid storage tenks
are smply

Bone unless concenlrated
boric acid storage Lanks
are empty

None uniess concentrated
boric acid storage tanks
are cmply

None unless concentration
boric acid storage tanks
are empty

None

None unleas concontrated
boric acid sturage tanks
are empty

None unless concentrated
boric acid storage tanks
are empty

None unleas concentrated
boric acid storage lanks
arv emply

None unless concentrated
boric acld storage tanks
are emply

None unleas concentrated
boric acld storage tenks
are empty

Establ inh
recirculation
flow to feed
tank or
evaporator

Establish
reciroulastion
flow to feed
tank or
evaporstor

Close control
valve CT-28

Eatablish
recirculstion
flow to
evaporstor 1If
required

Establish
reciroulation
peth to feesd
tank

Establish
reciroulstion
path to feed
tank

Establish
recircuiation
path to feed
tank

Establish
recirculation
path to leed
Lank

Reatore heater;
unplug lines

\£2



Table B.3.6.

(continued)

Potentisl Fallure Mode

Ismediate Effscls

Mode

interface
Invelved

Within Subsystem

At Subsystes
Interface

femedial dotion
Within Subaystes

6.8.19

Evaporator Level
Transeittaer

Temperature
Transeitter

Distillate Conler
(wh-C9)

Inlet flow from
feed pump falls

Evaporator leaks

Evaporator empties

Evaporator vent,
rellefl valves
fall open

Electiric power
supply falls

Connection leaks

Transeitter fails

flectric power
supply fatls

Connection leaks

Transeitter fallure

Cooling waler
supply falls

Plocked tube

Electiric Power

Process Signal

Electric Power

Proceas Signal

Cooling Water

Bo boron recovery

Eventual loss of suction
pressure Lo pump

Possible damage to
evaporstor; no boron
recovery

Cover gas release Lo vent
header

Incorrect signsl to
evaporator feed pump
diacharge flow control
valve (see 6. 8.18)

Incorrect aignal to
evaporator feed pwmp
discharge flow control
valve (see 6. 0.10)

Incorrect signal to
evaporator feed pusp
discharge flow control
valve (see 6.8.18)

Incorrect signal to
transsitter and
concentrate cooler
discharge flow control
(see 6.8.26)

Incorrect signal to
transsilter and
concentrate cooler
discharge flow conlrol
(see 6.8.26)

Incorrect signsl to
transmitlter and
concentrate cooler
discharge flow control
(see 6.0.26); no local
temperature indlcation

High temperature distillate
1cturned Lo feed tank

Decreascd heal Lransfer;
high teaperature
distillate returncd to
feed tank

None unless concentrated
boric acid storage tanks
are capty

Bone unleas concentreted
boric scid storage tanks
are ecmply

None unless concentrated
borlc acid storage tanks
are emply

None

None unless concentrated
boric acid storage tenks
are emply

None unless concentrated
boric acld storage tanks
are emply

None unless concentrated

boric scid storage tanks
are emply

See 6.8.26

See 6.0.26

See 6.8.26

Hone

None

Establ ish
recirculation
flow peth uatil
feed Mo
restored

Bone

Shut of f stess
flow

Establish recir-
culation path
to feed tank

Establish recir-
culstion path
Lo feed Lank

4%4




Table B.3.6.

(continued)

Futential Fallure Mode Effects

Interface

At Subsystes
Involved

Interface

Remedial Aotion
Within Subsystems

Within Subsystes

Concentrate
(Recire,) Pusp

(WD-PN)

Check VYalve
(CT-3%)

6.4.27 Pressure

Transaitter

Manual Isolation
Valve (CT-38)

6.8.25 Concentrate Cooler
(wD-7)

Tube rupture

Loas of heat
Capabllity

transfer

Cooler leaks

Irlet flow falls

Electric power
supply falls

Pump fatlls

Falls to prevent
backl|ow

Electric power
supply fatls
Connection |eaks
Transaitter fatls

¥alve falls open

Valve falls rluded

Cooling water supply
falls

Rlocked tube

Evaporator
Distillate

Electric Power

Electric Power

Process Signal

Cooling Water

Cool ing water released to
distillate; dilutes feed
tank concentration

Decreased heat trenafer;
high temperature
distillate returned to
feed tank

Decreased disttillate flow

No distillate flow

Fump stops; no concenlrate
MNow

Mo concentrate flow

Fosaible backflow 1If pump
is not running

No local pressure ‘ndication

incorrect signal to
transmitter
No Jocal pressure indication

Concentrate MNow
recirculaled to
evaporator, No boron
rccovery; possible
evaporator flooding

Fossible flooding of
concentrate cooler; lors
of Llemperature control in
evaporator

High temperature boric acid
returned Lo concentrated
borie acld storage tanks

Pecrensed heat transfer;
high temperature boric
acld returned to concen-
trated borlc actd storage
tanks

Decreansed distilliate
available to conden-
sate Lest tanks
(demineral ized water)

No distillate svatlable
to condensate test tanks
(deminersl ized water)

None unleas concentrated
boric acid storage tanks
are emply

None unless concentrated
boric acld storage tanks
are emply

None unless concentrated
boric acid storage tanks
are emply

Mone

None

None

None unless concentrated
borie scid storage tanks
are eaply

None

None

Establ Lah recir-
oulation path
to feed Lank

Eatablied recir-
culation path
to feed tank

Establish recir-
oculation path
to feed Lank

Wone
None

None

Open CT-80 to
divert {low

valve CT-A0

Close control
valve CT-80




Table B.3.6.

(continued)

Potent 1al Fallure Mode

Tsmndiate Effects

Interface Al Subsystem Semedial Aotion
Component Mode Invo) ved Vithin Subsystes Interface Within Subsystes
3. Tube rupture - Cool ing water released to None Concentratios ocan
concentrate; dllutes be adjusted
boric acld concentration from borio scid
iz tenk
8. Lons of heat tranafer - High temperature boric acid  None Close comtrol
capabiiity returned Lo concentrated wvalve CT-80
boric ascid storage tanks
5. Cooler leabs - Decreased concentrate flow None unless concentrsled Bone
borie acid storage Lanks
are empty
6. Inlet flow falls Evaporator No concenirate flow None unless concentrated Close control
Concentrate boric scid storage tanks valve CT-R0
are emply
7. Cooling water control Control Signal No concentrate flow None unless concenirated Close oomtrol
valve falls trom Conoen- boric acld storage tanks valve CY-N0
trate Cooler are emply
Discharge
Temperature
6.0.26 Temperature 1. Electric peser Eleciric Power Ko signal to cooling water Mo signal to cooling See 6,020
Transaitter supply 1.1ls conlrol valve water control valve;
see 6. 0.28
2. fConnection leaks Process Signal No signal to transeitter Bo signal to cooling See 6.0.20
water control valve;
see 6.8.20
3. TYronsmitter fails - Mo signal to cooling water No signal to cooling See 6,020
control valve water control valve;
nee 6.8.2%
$.8.27 Control Valve 1. Instrusent air Instrument Alr  Loas of concentrale flow None unless concentrated Close cooling
{(cT-80) supply fatls control boric scid storage tanks water cuatrol
are emply valve, divert
concentrate
flow back to
evaporator
through CT-38
or to feed Lank
through CT-36
2. Control signal fall: Control Signal Loss of concentrate flow None unlens concentrated Ciose cooling

te upen/close
valve

foom
Evaporator
Tremperature
Tianseitter

control

boric acid storage tanks
are cmply

water control
valve; divert
concentrale
flow back Lo
evaporstor
through (T-38
or to feecd tank
through CT- 36

nee




Table B.3.6.

Potential Fatlure Mode

(continued)

Temelinte Effects

Interface
Mode Invol ved

Within Sebaystea

At Subsystes
Interface

Renedial Aotlon
Within Subsystem

Deborating Demineralizer:

Manual Control 1.

Valve

Manual Isoclation
Valve

Deborating
Demineral izer

Miscellanecus
Piplig

Waste, Dratln,
Semple Lines

Manual
VYalves

Isolation

Spuriocus signal to
open/close valve

Control Signal
From
Evaporator
Tempersture
Transaitter

Internal v.lve
fatlure

RC Bleed ficw falls RC Bleed Flow

Valve falls closed

Valve fatl» closed

Tank leak:
Tank emptivz

Tank vent, relfefl
valves [ 01 open

Resin satur tes

flew falls

Caustic Cauntice

tlectric power Electr e
suppldy 1o trace
hoating falls

froce heating fatla

Fower

Iines fall open

Valves Fall closed

Loss of concentrate flow
control

Loss of concentrate flow
controi

No flow to deboraling
desineral tzer

No flow to deborsting
denineral tzer

No flow Lo dedborating
demineralizer

Decreased bleed flow
No bleed (low
Decreased bleed (low

No boron resoval froms
bleed llow

No demineralizer
regeneration

Boric aclid may crystallize;
omall poteatiasl for
plugging and loss of flow

Fortc acld may crystallize;
small potential for
plupping and loss of MNow

Decrened tleed Mlow

No bleoed (low

None unless concentrated
boric acid storage tanks
are empty

Mone uniess boric scid
storage Lanks are emply

No flow to makeup filters

None If alternate [ow
path avallable

Mone If alternate
path avellidble

None If alternate
paty available
None If alternate
path avallablie
None If slternate
path available
None If alternate
path avallable
None If a)ternate
path avail ble

None If alternate
path aveilable

None I alternate
path avnllable
None 31 alternate

palh avatlable

None 10 alternate
path avatlable

Closs cooling
water oostrol
valve; divert

valve; divert
concentrate
flow beck to
evaporator
through CT-38
or to feed tank
through CT-36

Alternate (low
path svallable

Alternate low
path available

Alternate flow
path avallable
Alternate Mlow
path avallable
Al ternate flow
path avallable
Alternate (low
path avallable
Alternate flow
path avatlable

Restore Lrace
heating; unplug
lines

Reatore trace
heating; unplug
lines

Allernate fMow
path avsilable

Alternate flow
path svaitlabie
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B.4., FMEA OF THE PRESSURIZER AND ASSOCIATED CONTROL SYSTEM

Table

B.4.1 Failures of the pressurizer pressure boundary . .,
B.4,2 Failure of pressureizer system equipment or outputs

B,4.3 Failures of inputs to the pressurizer system




Table B.4.1.

Failures of the pressurizer pressure boundary

fallure

Pussible Causes

tffects

Kewmedial Action

¥

Pressuilzer ot Pressurizer
Sutye Line Fairlwme

Thermowell Fatlure

Heatoer Mount ing Fallure

Level Seansing Lane
Faitlute (Stcam Space)

Mateslal defects,
thermal stress

Materlal faltlure

Material defect, uncovered
heater energlized and
subLequent ly shocked

Material defects

Swall to large hot leg LOCA

RCS Leak. Indicated water
temp. may be Ligh., Ind,
level may bLe high (small
ctfect)

Swmall to lacge hot leg LOCA

RCS Leak. Affected
jnstiument recponse

high ot unknown.

Pressur lzor may be filled.

Emecrgency Procecouses
for LOCA's wmust be
fol jowed.

tmergency Procedures
for RS lcaks sust be
followed, Other Lemp.
elemcut may bLe selecred
for indication based ou
a comparison to Lhe
saturation lemperatute
at the indicated
pressvre,

Emcigency Procedures
for LOCA's mustl be
followed,

Emergency Proceaures
for RCS leaks must be
followed., One ot the
two operable level
measurcment s may be
selected for iIndication
based on a compatison
ul the three
indications.

gee




Table B.4.1,

(continued)

Failure

Pussible Causcs

Effects

Kemedial Action

Level Sensing Line
Fallute (Water Space)

Spray Line Failue

High Pressure Safcly or
keliel Valve Line tallure,
Safety Valve Farlue

FORV Fairls Open

Matcrial defects

Mateslal delects,
Lthermal etress

Matertal Jdefect,
mechanical stress

Sputious signal wmaintains
valve open, PORV taliure
to cluse after wpening
(See Falluee of Inpuls Lo
Freonsuslzer Systoem)

RCS Leak. Miected
inst, responc
low or unknown

Swmall LOCA. Preusurizer
filled during KRCS
deprensurizat fon,

Small LOCA., Puessutizer
tilled during k(S
depressurization,

Swall LOCA. Pressurizer
filled dueing RS
depressurization,

Emergency Procedures
for R(CS leaks must Le
folluwed. Oune oF tne
two operable level
Measutementl c may be
selected for indication
Lased on a comparicon
of the thiee
ingications.

Emecrgency Procedures
for swall LOCA's munt
be followed,

Ewergency Procedures
tor emall LIA's must
be folloved,

Lwergency Proccoures
tor Swall LOCA's must
be followed, Oper PORV
way be fdentified Ly
PORV accoust ic monitog
{detalls unavailabile)
and/ur discharye pipe
high Lemp. indication.
LOCA way be terminated
by closure of the FORV
Bluck Valve, KC-v4.
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B.4.2. Failure of pressurizer system equipment or outputs

Fallure

rossible Caunseu

Litects

emedial Action

1. Failure of Sclected
level Transmitter Low

2. Fatlure of Selected
Level Triaounsmittier High

Teansmitter fallure

A.C. Power fallure

Transmitter fallure

Low prescutizer level
signal. Makeup valve
opens. Pressutizer fills
tesulting in a probable
high pressure telp,
fLetdown storage tank

cmpt les. MNsater Lanks 2,
3 and 4 fail off due to
indicated low level.

Maximum pressutizer level
signal. Makcup valve
closes resulting in 6'ow
decicase in pressucizer
level., RC pump seal
injection con! fnucs.

Operator can cumpaic
the three level
measurements thoough
the computer and select
one o1 tne two ovperable
transmitters for
inaication and/or
control. Manual
control of makeup valve
possible. Operator
sust transfer makeup
pump suction Lo HWST
prior to draining
makeup tank.

See TaLle 6, Fallure
of Pressurizer lnputs

Operator can compaie
the three level
weasutements thiough
the computer and selecrt
one of Lhe Lwo operable
Lransmitiers ‘o
fndication and/ox
control., Manual
control of makeup valve
possible.

One



Table B.4.2.

{(continued)

Fallurc

FPussible Causes

Effecis

Remedial Action

Fallure of Selected
Temperature Element
nigh ot Low

Falluse of Relicf/Salelry
Valve Blicharge Line
Theimocouple

Fallute of Non-Selected Level
T nomitter or Temporature
Element Migh o Low

Falluie of Spray Valve Closed

Falluwie ol Spray Valve Open

Element opens or shorts

T/C opens

Transmitter or Element fallure

tarlwie of valve or solenoid

Fartlure ol valve

Indicated higher or Jjower
level. Makeup control
valve modulates to achieve
higher or lower setpoint
level.

Low Indicated temperature.
This fallure wonld be
confusing to the operator
il the assoclated reltef
valve develuped a leak.

Ho immedlate elfects unless
operator switches to tallea
outlput (see Fallure of
Selected Teancmitter),

Loss of power operation
pressute rteduct fon control,
Hoy result in reactor trip.

Slow depressurization of
RCS. Eknerglzing ol
prevsntizer heatovrun,

Uperator can compare
the two indicatcd
Lemperatures tm ough
the cumputer to the
Saturation tempetatuie
at the indicated RCS
pressure and selecy Lne
operable tiransaitter,

Failure may bhe detected
Ly a comparison ol the
three T/C readings and
confrimed by test.

Computer indication/
alarm available to
opcrator for
identification ol
falled Lransmitter,

Shutdown required for
tepale,  Operalog
contio) ot PORV
tegquired for
depressurization Lo
cold shuctdown.

Shutdown required for
tepale,. Operator may
contrel depressuriza-
tion by clusing Spray
Klock valve,

ine



Table B.4.2.

{(continued)

Fallure

russibile Causes

kffects

Hemedial Action

Failute of PORV Closed
(For Fairluce of PURV
Open, Sce Talle 4,
Falluge ol Presswrizer
Piessure Boundaiy)

Fallure of PORV or Spray
Block Valves Upen

(For Fatlure of valves
Closed, See Talkle 6,
Fallures of Pressurizex
Inputs)

Precsut izer Neater Element
Falls

tatlure of vaiv: or solenoid

Valve fallures

Corrvelon,

shott clicuit

PORV unavallabile for high
pressure tranclents.
Incrcased sately valve
actuations. No low
pressure relief avallable
during shutdown.

Valves unavallable for

isolating FTORV or spray
valve if cither failed

Gpen.

sSmall reduction In heater
capacity. May not bLe
nol 1ced.

Shutuown required fox
tepales. Moy be
ditficult Lo detect.

Hay bLe difficult to
detect. An unisvlated,
open PORV traunsient is
contiollea by Emergency
Procedutes for a small
LOCA. An unisolated,
open spray valve
tequires careful
control of RCS
temperature to reach
cold shutdown,

Heater fallure may be
identified by a clrculre
brcaker opening.
Replacement during
tefucling shutdown
required.

¢he




Table B.4.3.

Failures of inputs to the pressurizer system

2.

Falluce

Possible Causes

Etfects

Remedial Action

Power Lo Selected Level
Transmittes: falls (LT! or LT2)

Power to Selected Level
Transwmitter LY)

Breakcr opens deencrgizing
Kl Emcrigoncy 01 or Emergoency
02 btevdors

ffus Kl fails

Breaker Opens deenergizing
KU teeder for transmitter
(details unavailabilce).

Bus KU falls

lLow pressurizer tevel
signal. Makeup valve
opens.  Poessui lzer fills
resulting in protable high
Dressure tilp. Makeup
Bloraye tank empties.
Heater Lanks 2, 3 and 4
deenergized. Total effects
of loss ot KI “"Emergency
11* or “Emergency #2°
feeders unevaluated.

Loss of Power to ICS.

lleaters, PORV, Spray Valve
are olf or closed, Main
Feedwater tripped. Makeup

Control valve tiansfers to
“"hand control . Slow
decrcace In pressurizen
level and pressute occurs
prior to operator
fntervention,

Low piessurizer level
slynal Makeup valve
opens. Pressurizer fills
resulting in probable high
pressuce trip.  Makeup
Btorage tank cmpties.
licater banks 2, 3 and ¢
deenergized, Effects of
luss of KU transmitter
power supply unevaluated.

Low pressurizer level
signal. Makeup valve
opens.  Pressurizer fills
resuiting in probable high
pressute trip. Makeup
storage tank emplies.
Heater banks 2, 3 and 4
deenergized. lLoss of plant
computer. Etfects of loss
of KU not fully evaluated.

Other transmitters may
Le selected, Manual
control or Makeuy Valve
tequired prior to
selectiun ot operable
transmitier. GSece
Fallure o1 Pressurizen
Equipment, ltem 1,
Failucte ot Seiected
Transmitter Low,

Emcrgency Procedure fox
Luss ot ICS Power must
e [ollowed. Manual
contrcl ot PORV, spray
valve, heaters and
wakeup vaive availablc
due to automatic
transfer o1 selecced
loads to Bus Ku,
Emergency fcedwater
autumatically actuated,

Ene

Other transmitters may
bLe selected, See
Faillure ot Pressurizer
Equipment, ltem 1,
Fallute ot Selected
Transmitter Low,

Other Transmitters may
be selected. Operator
Can compare transmitter
outputs by alternately
scleccing tne three
Lransmitter outputs for
for inaication and
control.



Table B.4.3.

{(cortinued)

Failute

Fossible Causes

Eftects

Remedial Action

3. Power to Selected
Teapcrature Esjement Falls

4. Pressuilzer Weater Power
tails Off

a) Single NHeater Bank

) Single 600 VAC Bus Failuce
(XM, X1, XJ, XK, X5, X6, X7)

Fuse opens deenciglzing
tewmperature element

Bus K1 tatls

Power feeder fallure
(Breaker pens), pressure
switch f(ailure

Breaker opens, bus fallure

Low pressurizer water
temperature signal. Makeup
valve will open Lo maintain
higher selpolnt.
Temapetature corrcspunding
to 0 MV signal from biridge
clicult unknown.

Loss of power to ICS,
Hleaters, PORV, spray valve
are off or closed. Main
feedwater tripped. Makeup
control valve transfers to
*hand control.® Slow
decrease In pressurizer
level and pressure occurs
prior to operatos
intervention.

Less than 500 kw of 1500 kW
capacily deencrgized. Power
vperal fon may continue,

Approximately S00 kw
of 1500 kw capacitly
deenergized, Power
opetat lon may conlinue.

Other tewmperature
clement may bLe selected
based on cumparison ot
Lhe Lempcralure signals
through the compuler Lo
the saluration tespera-
ture at tne lnajcated
pressure.

Emcrgency Procedure fox
Loss o1 IUS Puwer must
be followed. Manual
Control ot FORV, spray
valve, heaters, and
makeup valve avallable
due to automatic
transfe: ot selecced
loads to Bus kU,
Emergency feedwater
aulomatically actuated.

Repalt during power

opcration possible.

Repalr during power
operation possible,

hhe



Table B.4.3.

(continued)

Fallute

Fossible Causes

Effects

Remcdial Action

€) “ingle 4160 VAU Bus
Fallure (7TC, T, TE)

d) Spurious tLoevel
Intes lock

€) Spurious Nigh Fatlure of
Fiecsure Signal

Bus fallure

Selected level
transmitter lalls low,
Misc, modules fall low

Selected nartuw range
precuure transmitteg
Clevult falls high.

Approximately S00 kw
of 1500 kW capacity
deenerglzed. Power
operation may continue.

Heater Groups 3} and 4 off,
Heater Group 1| ovperable,
Hcater Group 2 controllable
from ASP. Pressutizer

Lo 1o level alarwmed.

See Fallure of lressurizer
Outputs, Item |, Fallure

of Selected Level
Transmitter,

PORV and spray valve open
Creating small LOCA.
Heaters deencrglzed.

See Fallure of
Pressurizer Pressure
Boundary, ltem 8, PORV
fFiils Open.

Repalr during power
operation possible.

See Fallure of
Pressurizer Ourputs,
ftes 1, Fallure of
Selected Leve)
Transmitter Low.

The opcrator can
compare the J.alcated
pressure sigral Lo Lhe
KPS nartow range
pressure zignals to
fdentify tne failure.
PORV and spray valve
may bLe manually
controlled. Tiansfer
to an KPS pressuie
signal for contiol o¢
repate foriowing Lone
teactor telp is
required,

Ghe




Table B.4.3.

(continued)

Fallure

Fossible Causes

Effects

Remedial Action

Heater Power Falls On

a) Single Heater Bank

L) Multiple Heater Banks

Pressurte switch, controller
tatl on

Sclected narrow range
pressure transmitler circult
talls Jow,

Probal.le high pressure
reactor trip. PORV and
tpray valve actuation,

FORV and spray valve
cluse. MNHeaters energizea.
High pressure reactor
trip. Operation ot Code
Safety valves pussible.

Specitic control room
indication of energized
heatetr unknown. HNeator
group(s) may be
wanually deencryized.

The operator can
compate tne Inaicated
prensure slgnals to the
RFS natrrow range
pressure signels to
identify tne f[ailure.
Heater guoups, PORV and
spray valves may bLe
manually controlled.
Transfer to an RIS
pressure signal fox
contiol or repars
following reactor trip
teyuiged,

9he




Table B.4.3.

(continued)

Failute

Feasible Causes

Effects

Remedial Action

6.

Power to Spray Valve
Svlienoid falls ott

Fressure switceh fallure,
cuntivller failure

Selected nartow trange
pPressure transmitter
Clecull faills Jow.

Fatlure of Bus K1

Spray Valve cluses. Loss
ol power operation
pressure reduction control,
may tesult in reactor trip.

Spray valve and PORV close.
flcaters encrgized, High
pressure reactor trip.

Loss of Power to ICS,
Spray valve, PORV, heaters,
are off or closed, main
feedwater trlpped, Makeup
valve tiansferv to “hand
contiol.® Slow decrease
in precsurizer level and
pressuie vccurs prior teo
oyeratlor intecvention,

PORV operable |t
tequired, Manual
control oL spray valve
may be possible.
Repale foliowing
teactor shutdown or
telp required,

The operator can
Compare thne indicated
pressure signals to the
KPS nattow range
pressure signals to
identify the fajilute.
Heater groups, PORV and
Spray vaives may be
manually controlled,
Transfer Lo an RPS
pressure signal for
control or repailr
following reactor trip
tequired,

Emergency procedure for
Loss ot ICS Power must
Le followed., Manual
control ot PORV, spray
valve, heatcrs and
Makeup valve availahle
due ‘v automatic
transfer or selecced
loads to Bus KU,
Emergeoncy feedwater
automatically actuated.

-
-3



Table B.4.3.

{continued)

Fatlure Pussible Causcs

Effectes

Remedial Action

7. Power to Spray Valve
Solenoid falle oun

Fressure switch, contreller
flatls on

Sclecled nartow range pressure
transmitter clrcuit fatls high,

8. Power to Spray Block
Valve tails on

Controller fatlure

Spray valve opens. Slow
depressurization of RCS.
Encigizing of pressurizer
heaters.

PORV and spray valves open
creating small LUCA.
Heaters deenergized. Sce
Fallure of Pressucrizer
Pressure Boundary, Item 8,
PORV Falls Open.

Valve closes isolating
spray and spray bypass
flow., Loss of power
operat ion pressuce

reduct fon contiol. Spray
nozzle may Le theimally
stiesved.

Spray valve may be
sanually closed or

lsolated. See Fallure
of Pressurizer
Equipment, ltew 7,

Fallut > of Spray Valve
Open .

The operator can

compate the indicated
pressure signals to the

RPS nactrow range -
pressure sigunals to =
identify the fallure. o
PORV and spray valve

may bLe manually

controlled. Transfer

to an RPS presouce

signal for control or
tepalt folliowing tne
reactor trip 18

required.

PORV may be manually
controllea to avoud
reactor trip or will be
automatically
conttolled to limit RCS
pressure following
reactor teip. Control
toom indication ot
block valve closuie
unknown .,




Table B.4.3.

{(continued)

Terieic

rossible Causes

Effects

kemedial Action

10.

Powcr
Valve

Power
Valve

Power
Valve

to Spray Block
fails ofi

to PORV Block
farls oft

to PUORV Block
fails on

Contgoller ¢r bus fallure

Controlier or bue fallure
(1500 VAC XF)

Controller fallure

No lmmcdiate etfects. I
the spray valve falls open,
it cannot Le isolated,

No immediate effects. If

PORV fails open, 1t cannot
be lsolated.

Block valve closes.
Possible safety valve
actuation on high pressure
transients.

If identified, repais
of bus or controuller
during power operation
may be possible., Sce
Fallures ot Pressurizer
Equipment, Item 9,
Failute ot PORV or
Spray Block Valves.

If identifled, repair

of bus or cuntroller n
during power opetation L
may bLe possible. Sece
Fallures of Pressusizer
Fquipment , ltem 9,

Fallure of PURV or

Spray Block Valves.

Indication of block
valve closure usknown,
If ldentified, repalx

during power operation
may be possible.



Table B.4.3.

(continued)

Fallure

Possible Causes

Effects

Remedial Action

12.

Power to PORV Solenoid
fatls oft

Pressure switch fallure,
controller fatlure, fallure
of Bus LIB

Selected nairow range
pressure Lransmitter clrcult
fails low,

fFalluge of Bus Kl

PORV closes. Posslible
safety valve actuation on
nigh pressure transients

Spray valve and PORV close,
heaters enciglized. High
pressure geactor trip.

Loss of puwer to ICS.
Spray Valve, PORV, heatets
are off or clescd. Main
fecdwater tripped, Makeup
valve transfers Lo “"hand
control.* Slow Jdecrease
in pressurizer level and
pressure occuts prior to
operator intervention,

If identified, repails
during powct operation
may Le possible.

The operator can
compare the indicated
pressure signals to the
KPS nattow range
pressure signals te
identify tne fallure.
Heater groups, POKV and
spray valves may be
manually controlled.
Transfer Lo an KPS
pressure signal fue
control or repat
following reactor taip
tequired.

Emcrgency procedure tor
Loss ot ICS Powe wsustl
Lbe followed. WM:oual
control ot PORV. spray
valve, heaters nd
Makeup valve available
due to automat o
tiransler o1 se ected
loads to Dus ¥i.
Emergency fee: vatex
automatically actuated.

062




Table B.4.3. (continued)

Falluce Pussib:le Causes

Effects

Remedial Action

13. Power to PORV Solenold Pressute switch or
fails on contruller fallute

Selected nartow range
pressure transmitter clrcuit
fatis high.

PUORV opens cicating small

LOCA. Piessurizer

tills.

PONV and spray valve open
Creating small LOCA,

Pressurizer (ills,

Heaters

deenciqglzed. See Falluce
ol Pressurizer Pressure

Boundary, item 8,
Falls Open.

PORV

See Failure ot
Pressurlzer Pressure
Boundary, Item 8, FORV
Falls «,9n.

The oper tor can
compate ne Ingicated
pressute slgnale to Lhe
RPS nacres range
pressure signals to
fdentify ne fallure.
PORV and ipray Valve
may Le mo wally
controllel. TYransfer
to an RPE pressure
slgnal for comtrol o«
tepalec fuliowing thne
tcactor teip ls
tequired,

162
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B.5 CONTROL SYSTEM FAILURES THAT CONTRIBUTE TO STEAM GENERATOR OVERFILL

The Oconee 1 MFW control system has an overriding requirement to fecd
the SG as long as the differential pressure ("water level") is sensed
below Yow level, [25 in. on the selected A-D (A'-D') sensor - see

Fig. A.3). Between 25 in, and 344 {n., control is not based on level
during normal operations. A complex of demand-related signals is met by
the control system, and, within the specified operating range, most
simple /berrations that might occur in a component are compensated by
action of the ICS. When the sens2d level exceeds 344 in,, the ICS sends
a signal to close the MFW control valve, If despite this the
differential pressure level rises to 359 in., a signal is sent by
circuitry outside the ICS (see Fig. A.4) to trip the MFW pumps. Note
that this signal will cause actuation of the trip only if signals are
sent from both the B~D and the B'-D' sensor sets. (See A.2.2.2 and
RaR:2:93),

It is apparent, therefore, that the MFW cannot overfill a SG (above the
359-1in. level) unless both high level protection features are defeated
and an overfeed mechanism is initiated that is not controlled by cross
limits or by any of the other compensatory features of the ICS. We have
accordingly classified possible failures as they may cause one or
another of these malfunctions (B.5.1),.

Note that a number of SG overfeeds would reduce steam quality to the
point where water enters the steam line even though the differential
pressure on A-D did not cause either high level control or high level
pump trip. However, significant accumulation requires defeat of both
high level protection devices.

The AFW system {3 not subject to the high level protection features,
Therefore, once the system (s on AFW, less control system failure is
required to bring on 5G overfill, Two things should be borne in mind:
(1) there must have been a prior failure or unusual circumstance to
bring on the AFW, and (2) the AFW pumps water much more slowly than the
MFW with a full open or nearly full open control valve, Hence, in the
AFW case, there |s more time for intervention and less potentially
damaging momentum carried by the water,.

B.5.1 Classification of Failures Leading to SG Overfill

Type A: Failures that place both the high level MFW pump trip and the
high level control valve closure {n a failed state, Since both of these
systems depend on the same level detection equipment, a failure there
would affect both equivalently. The fnllowing Type A failures are
possible:

a. A sufficlient leak in selected pressure tap B (B') or the connecting
pipe from {t, or in the packing of either blocking valve on which
the connecting pipe terminates (A.2.2.2.2).

b. Fallure of valve V (Fig. A.3) of the selected set in the closed
position during operation (A.2.2.2.3).
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¢. Any failure of the selected B-D (B'-D') MFW AP cell--mechanical,
hydrauliec, or electrical--which causes the cell to read a low level
when the level is actually high (A.2.2.2.4).

Further description of Type A failures appears in App. A.2,2.2. As
observed there, since these are failures of level indications of the
selected set, the indications brought to the control room display are
inconsistent with other level indications displayed there., The failure
should be detected when the operator notices and understands the
inconsistency.

Type B: Failures that place the high level MFW pump trip in an
undetected failed state. As noted before, the MFW pump trip circuitry
Is independent of the ICS, which controls the high level control valve
closure. Further, the pump trip requires a confirming signal from the
nonselected B-D (B'-D') set.

a. Any failure causing relay 2A or 3A (Fig. A.4) to fail with contacts
open places SG A pump trip in an undetected failed state.
Analogously, 2B and 3B for SG B (A.2.2.3.1).

b. Any fallure causing relay FPTX (Fig. A.Y4) to fail with contacts open
will put trip signals of both SGs in undetected failed state
(A.202.3-2).

©. A sufficient leak in nonselected pressure tap B (B') or its
connecting sense line, or in the packing of either blocking valve on
which the, connecting line terminates (A.2.2.2.2).

d. Failure of valve V (Fig. A.2.3) of the nonselected set in the closed
position during operation (A.2,2.2.3).

€. Any failure of the nonselected B-D (B'=D') MFW AP cell--mechanical,
hydraulie, or electrical--that causes the cell to read a low level
when the level is actually high (A.2.2.2.4).

Failures a and b are undetected by their nature, Failures ¢, d, and
@ are undetected because they are fallures of the nonselected set,
which {s not displayed in the control room.

Type C: Failures that block the high level MFW control valve closure
and also initiate SC overfeed,

a, Selected low level signal fails low (B.5,2.r and A.2.2.2.1).

b. Hard limiter on turbine header pressure error signal fails, or the
summer immediately downstream of the limiter produces a false signal.
Either may have the effect of calling for increased flow.

@¢. Fallure high of the low level set point (B.5.2.w).

nge D: Fallures that may initiate fast overfeed by MFW. Simulations
Indicate that these failures are adequately controlled by the ICS,
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AP measurement on FW control valve fails at 0 (B.5.2.a).

FW temperature measurement in one loop fails high (B.5.2.¢).
MFW flow signal fails, showing no flow (B.5.2.d).

Hot-leg temperature measurement fails high (B.5.2.g).

AT, signal fails either way (B.5.2.1).

Tayg determination fails high (B.5.2:4).

Neutron flux measurement fails high (B.5.2.k).

MFW blocking valve position indicator fails in closed position
(B.5l2'm)0

RC flow measurement fails low (B.5.2.,u).

Main steam line safety, atmospheric, or turbine bypass valve fails
open (B.5.2.v).

MFW control valve fails open, or valve control signal fails
demanding valve opening (B.5.2.0).

e E: Fallures that would cause MFW overfeed at a relatively low rate.

imulations indicate that the 1CS adequately deals with these failures,

b.

AP signal across MFW control fails between zero and set point
(B.5.2.b).

MFW flow measurement fails at low value greater than zero
(B.5.2.e).

Reactor inlet temperature geasurement in one loop fails low
(Bls.?.h)l

Startup FW control valve position indicator fails with valve leas
than 50% open (B.5.2.1).

MFW pump speed governor fails (B.5.2.n),
MFW startup valve fails open (B.5.2.p).

MW(e) de.and fails high (B.5.2.8).

Type F: Single fallure causing relatively slow overfill of 50,

A sufficient leak in selected pressure tap A (A') (see Fig. A.3) or
the connecting pipe from that tap or in the packing of the blocking
valves on which the connecting pipe terminates. (B.5.2.r and
Ai2.2.2.1).
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The foregoing classification is useful in the further analysis of the
consequences of the failures, either singly or in combination.

Type C fallures, taken aicne, should cause rapid filling of the SG to
the 3.9-in. level followed by MFW pump, reactor, and turbine trip and
initiation of AFW.

Type D and E failures, taken alone, may be controlled by the ICS. In
Some cases they will lead to system trips. Type D railures are expected
to lead to greater and more rapid SG overfeeds than Type E failures,.

Type A and B failures do not cause SG overfeed but block some or all of
the high level protection. Type A failures, which bring inconsistent
information to the control room display, are expected Lo be detected
sooner than Type B fajilures, which do not.

The one Type F failure is 3 single failure thalL causes rapid filling of
the SG to the 59-in. point and relatively slow continued overfilling
thereafter,

Any Type A failure or any Type B failure followed by any Type C failure

(coming befcre the detection and correction of the Type A or B failure)

will cavse rapid overfill of the SG with the MFW pumps operating at high
speed.

No operator intervention (ameliorative or otherwise) has been assumed in
the sdove discussion.

B.5.2 Detailed Descriptions of Failure Sequerces

The component parts of the FW system, its controls and control signals,
constitute a functional group in which failures could initiate a SG
overfeed. This functional group was examined to find failures that can
lead to overfill of the SG at Oconee, and it was found that all except
one of the overfecd sequences identified would be terminated by
successful action of the high ievel trip of the FW pumps. The exception
Is sequence r below, in which overfeed comes also from the AFW pump
which does not have a high level trip.

The following event 2ets have been identified a= having the potential to
cause SG overfeed. In each case the initiating event appears to lead to
an increase i1a the SC water level. The sequence of events suggested in
each scenario beyond the initiating events is not intended to be taken
as predictive; event sequences can depend upon many things, and
surprising results often ensue. These scenarios are constructed and
presented as guides for mode.ers and simulators to highlight features
that may have special significance. Those indicated were analyzed on a
system simulator in the next phase of this study: the augmented failure
modes and effects analysis.

A most helpful source, which suggested a number of these sequences, was
the Midland FMEA on the ICS.‘
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The AP signal across the FW control valves in loop A fails at its
lowest value. The FW pumps go to high speed stop in an attempt to
control the fajled AP signal back to its set point, Excessive

FW flow resuits from the increased pump speed. Throttle pressure
will increase, Tavg will begin to fall, and the FW flow error will
cause the FW valves to begin to close, Megawatts generated will
begin to increase as the throttle valves move to control pressure
back to its set point. The controls rods will pull, in.reasing
reactor power, to bring Tavg back up to its set point.

However, as long as the tracking mode is not activated, the FW
control valves should control the FW flow back to the original set
point, Hence, the plant should return to its original condition,
except that the high pump speed would result in a higher pressure
drop across the FW control valves. Also, with the higher control
valve pressure drop, the flow control would be more sensitive and
would not be as smooth as normal. The FW valve flow control should
be rapid enough to prevent a high level in the SGs. However, the
high level pump trip protection is available if the FW control
valves fails to act rapidly enough.

The AP signal across the FW control valve fails at some point below
the set point. Qualitatively, the effects are the same as in (a).
However, (a) appears to be the bounding case; the effects in this
case should be less severe. A failure of the AP signal abova the
set-point value should not lead to SG overfeed.

The FW temperature measurement in loop A fails high at S00°F. FW
temperature compensation will cause the total FW flow demand to
increase, resulting in overfeeding both SGs and overcooling the core.
Tavg will begin to drop, causing control rods to pull and reactor
power to increase. Steam pressure will increase, causing the
turbine valves to open and megawatt electric generation to increase,
Because of negative megawatt electric error, the megawatt electric
calibrating integral! will cause the feed forward control demands to
the reactor and FW to decrease. If the megawatt electric
calibrating integral does not reach a low limit, the unit wiil
settle out at its original condition. If the megawatt electric
calibrating integral goes out onto its ‘ow limit (generally set at
-5%), the plant will settle out at a higher power level than its
original condition, If the FW temperature measurement failure
occurs at a low load level, a higher probability of reactor trip due
to low RC pressure exists than at a high load level. This is
because at the low load level the FW temperature is lower than at
the high load level. Hence, a greater percentage increase in FW
flow will occur at the low load level, Further, at iow load levels
Btu limits are less restrictive.

The MFW flow signal in loop A fails, showing zero flow. The loop A
FW control valve will open fully in an attempt to return FW flow to
its set point. The AP across the loop AFW control valve will
decrease below its set point, and the FW pumps will speed up to
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For a failure of Tpa high, method 3 above will give the least error
in the calculation of Tayg, and method 2 will give the greatest
error.

Two cases will be considered. The first case will consider complete
automatic operation of the ICS. In the second case, the reactor

H/A station is in manual, with all other H/A sta.ions in automatic.
In both cases, a failure of Tp, will cause Tavg to be computed
erroneously high. Hence, the ’ravg error in the ICS, given by

Error (Tavg) = Set p(llnt = Tavg
will be negative.

With the ICS in complete automatic, the Tyyo signal modifies reactor
demand. A negative Tayg will cause the control rods to insert. If
Tayg 18 large enough, it can cause FW flow demand toc be modified
through the cross limits from neutron error to FW control. A
sufficiently negative Tyyg will cause the FW demand to be increased.
Hence, with the power generation of the reactor decreasing and the
FW flow increasing, this transient is in the direction of a SG
overfill.

With the reactor H/A station in manual and all other H/A stations in
automatic, the Tyyg error signal modifies the total FW demand
through a proportional/integral controller. A step increase in the
Tayg Signal, such as would be caused by Tpa failing high, has the
potential for driving this control loop to an unstable state. The
negative Tavg signal would initially cause the FW demand to increase
rapidly while the reactor demand remains constant. Again, this
transient is in the direction of a SG overfill.

This transient is initiated by the reactor inlet temperature
measurement in loop A failing low. Proportional control action in
the AT, control will immediately cause the flow demand in loop A to
decrease and the flow demand in loop B to increase. This
proportional control action is limited to 5%. Integral action in
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the AT, control will eventually cause the variable gain multiplier
in the Jow ratioing circuit to be decreased by an additional 20%.
Hence, because of AT, control, the flow demand for loop A flow
equals (100% - 5% - 20%) times the total flow demand. The flow
demand for loop B flow then equals 200% - (100% - 5% - 20%) times
the total flow demand. Therefore, the flow demand in loop A is
reduced by 25% and the flow demand in loop B is increased by 25% by
AT, control. The low failure of the reactor inlet temperature
signal in loop A will also cause an error in the calculation of Tavg-
As noted in sequerce g, there are three methods of determining Tavg-
(see Eqs. 1-3 above).

For a faflure of T,y low, method 3 will result in no error and
method 2 will result in the greatest error in the calculation of
Tavg: It will be assumed that method 1 or 2 is being used to
calculate Tayg. For Ty, failing low, Tayg will be calculated low.
This will cause reactor power to be increased. Also, low Tayo will,
through the reactor cross limits to the FW system, cause total FW
demand to be lowered. Hence, the reactor power increases; the T,y
control causes FW flow to SG B to decrease, and AT, control cause EH
flow to SG B to increase. Whether or not SG B will have excessive
FW flow is not clear.

The reactor inlet temperature locp A-B difference AT, fails high. A
high failure of AT, conveys the false information that on the

primary side the temperature of cold leg A is higher than cola leg B.
The AT, error is apportioned equally in magnitude but opposite in
8ign to the loop A and loop B flow demands. However, the change in
demand in each loop is limited to 25% of total flow demand.

If the initial unit load is high enough, Btu limits will be
activated and limit the increase in FW flow in loop A. This will
cause a net reduction of the total FW flow and an increase in Tavg-
The control rods will insert, reducing reactor power, tu try to
return Tayg to its set point. A reactor trip on high RC pressure is
possible, If the plant is not at high load so that the Btu limits
are not activated, the unit will probably se<tle out at a new steady
state with a cold-leg temperature imbalance. Hence, for a high
failure of AT,, SG A will be overfed and SG B will be underfed.

The reactor average temperature measurement, T,yg, fails high. The
high failure is assumed to be due to one of the ?ollowing three
failures:

1. Failure of the hot-leg temperature measurement in primary side
loop A (i.e., Tpa).

2. Failure of the cold-leg temperature measurement in primary side
loop A (i.e., Tep).

3. A high failure of Tayg for some reason other than (1) or (2).



Each of the three failures will be considered separately., Also, it
is assumed that Tyyg Is calculated by (see scenario g):

for this results in the largest error in Taye for the assumed
failures. If Tavg fails high because Ty, rafls high, scenario g
applies. In this case, the high Th, (assuming Tp, is the outlet
temperature selected by the operator) will increase the allowable
maximum FW flow demands calculated by the Btu limits. If Tavg is
determined to be too high for some other reason, there should be no
effect on the Btu limits,

If Tayg fails high as a result of T,y failing high, scenario g must
be mod?fied to account for the effects of the AT, control loop.

With AT, control coming into play, SG overfeed will not be symmetric
as considered in scenario g. Instead, because AT, control ratios
the FW flows, overfeed of SG A will be greater than of SG B. Hence,
with a high failure of T,a, the overfeed of S0 A should be worse
than that considered in scenario g.

If a high failure of Tyye Occurs for some reason other than a Tavg
high failure of Tpa or Top, Scenario g will again apply except for
the above-mentioned effect on Btu limits.

With all three failure modes resulting in high failure of Tavgs» the
SGs are overfed. In every case there is the possibility that the
reactor may trip on low RC pressure or the FW pumps may be tripped
on high SG level.

The neutron flux density reading fails high. The control rods will
begin to insert continuously, trying to reduce the neutron flux
density reading. The lower the unit load, the larger the neutron
error will be. Through the cross limits, the large neutron error
calls for an increase in the FW flow. Both SGs are overfed, and the
primary is overcooled. The Btu limits will probably be activated
and will limit maximum FW flow demands. The cross limits will cause
the unit to go into track mode, and because of the increased FW flow
and steam pressure, the unit megawatt electric demand will track up.
A reactor trip on low pressure is highl; »robable. Following
reactor trip, the turbine will trip and megawatt electric generation
will go to zero. The unit is still in the track mode at this time,
and FW demand from the integrated master goes to zero. However,
following reactor trip, the cross limits from reactor control to

FW control increase, calling for FW flow close to 100%. Hence, the
Btu limits, and not the feed forward signal from the integrated
master, must be relied upon to run back the FW system.
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When the loop A startup FW control valve becomes less than 50% open,
the 1lnop A startup FW control valve position signal fails to
indicate that the valve is less than 50% open. Hence, the MFW
blocking valve in loop A does not receive a signal to close. The
leakage through the loop A MFW control valve, if excessive, may
cause SG A to be overfed., Also, since the MFW blocking valve in
loop A does not close, the flow measurement used in FW control is
not switched from the MFW flow measurement, which is highly
inaccurate at such low flows, to the startup FW flow measurement.
Thus, control will not be as smooth as normal. If the leakage
through the MFW control valve is large enough, the startup FW valve
may close completely while SG A continues to be overfed from the
leakage. This condition would probably result in a SG high level
trip of the FW pumps.

The MFW blocking valve in loop A is open, b.: iis position indicator
fails in closed position. This causes the ICS to take FW flow
measurements from the sensor in the startup line. If reactor is at
high power, a flow demand signal is sent causing a flow increase in
both loops. Cross limits cause rod insertion signals. Btu limit
may be actuated. SGs are overfed. Reactor may trip on low

pressure,

The speed governor on FW pump A fails high. This will cause FW pump
A to go to its high-speed stop, and FW flow to the SGs to increase.
Flow control will cause the FW contrcl valves to close to return the
FW flows to their set point. As the control valves close, AP
control will cause the speed of FW pump B to decrease. Concerning
the operation of pump B during this transient, three conditions may
occur: the plant may settle out with pump B at reduced speed with
both pumps supplying flow to the SGs; the plant may settle out with
the check valve in series with pump B closed and pump B supplying no
flow to the SGs; or pump B may begin to operate in an oscillatory
mode, with the check valve cycling open and closed. In any event,
pump A will be at its high-speed stop. Also, a AP higher than the
set point may exist across the control valves following the
transient. Some overfeed of the SGs will occur, but a reactor trip
is not anticipated.

The MFW control valve in loop A fails open. (This transient will be
more serious if it is initiated well below full power--say at 25%).
The flow in A increases with the valve full open. The low AP signal
across control valve A leads to increased pump speed. The AT, error
will attempt to reduce flow in A and increase flow in B, and the
total flow demand error will attempt to reduce flow in both A and B.
Because of the valve failure, loop A is not affected by these
signals. Because of the substantial increase in total flow
(resulting from the loop A failure), the total flow demand error
should dominate the AT, error signal in loop B, either immediately
or very quickly, and continue to do so. SG A therefore fills while
SG B empties, If the SG B level drops to low level indication
before high level pump trip occurs in SG A, the low level signals in
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SG B will nverride and prevent the level from falling further.
Hence, the iow level signal in B, together with the total fiow
demand error signal, should keep the level in SG B at about the low
level indicator until the pumps are tripped.

The MFW pumps should trip on a high level signal in SG A.

The loop A FW startup valve fails open. There would be no effect
during operation at power, and probably the failure would not be
detected. However, during plant shutdown the excessive flow in
loop A would prevent the SGs from going on low level control.
Appropriate manual control actions could be used to shut down the
plant safely.

Following a reactor trip, this failure would result in overfeed of
SG A if proper manual control actions are not taken. When the
reactor trips, the turbine also trips; the steam system goes on
bypass control; FW flow demand runs back to low value; and the SGs
are supposed to go on low level cecntrol. With the startup valve in
loop A failed wide open, SG A will be overfed. Without manual
control intervention, FW pump trip on high level in SG A is likely.
Simulation of this failure was required to determine the
quantitative results, which are discussed in Sect. 4,

The control system summer that sums the startup level and turbine
header pressure signal fails, giving low indication. This failure
is equivalent to the corresponding failure in any of the component
signals and causes increased flow to tne SG. The high level FW pump
trip occurs at high level indication.

A sufficient leak in selected SG pressure tap A (A') or in the pipe
connecting it to> blocking valves, or in the packing of either
blocking valve at which the pipe terminates, will cause a low level
signal and an overriding demand for FW. The SGC will fill to the

high level pump trip level, 394 in., and cause trip of the MFW pumps.
The AFW will come on, and (with the low level signal still present
and no high level constraints) the AFW will continue the overfeed,
causing SG overfill. (Consult A.2.2.2.)

Failure of the MW(e) demand signal high will lead to demand for more
FW flow and more reactor power. The FW demand response is much
faster than the core power demand response. However, cross limits
would be activated and limit the rate of increase of FW flow.

Hence, the FW system response would be approximately coordinated
with that of the reactor. That is, if the system energy balance is
taken into account, the FW system should run just slightly ahead of
the reactor. The cross limits should hold the FW system back. Some
SG overfeed should result, but it should not be sevare.

Under normal conditions, the turbine header pressure error signal
compensates the startup level measurement., It is first put through
a hard limiter to limit its effect on the level indication to not
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more than 8 in. However, a failure of the hard limiter signal could
negate the limiting effect. This error is then potentially
equivalent to seguence f.

Both hign and low failures of RC flow measurement in loop A will be
considered. Consider first a high failure. The reactor coolant
flow imbalance FW ratioing circuit will immeaiately reratio the

FW flows, The FW flow in loop A will be increased, and the FW flow
in loop B will be decreased, leading to overfeed of SG A and
underfeed of SG B. After a short time lag, the AT, control will
decrease FW flow in loop A and increase FW flow in loop B, thus
providing some compensation for the original failure, Whether or
not a reactor trip will occur during the course of events is
uncertain.

Next consider the RC flow measurement in loop A falsely indicating
zero flow. The low failure has a much larger effect than the high
failure, because there is more room on the low side than on the high
side of the RC flow measurement range. A front-end runback to a
lower load level will be implemented immediately in the unit load
demand load limit circuitry. Again, the reactor coolant flow
imbalance FW ratioing circuit will immediately reratio FW loop flows.
In this case, however, reratioing will be in the opposite direction
and much larger. The FW flow in loop A should be decreased to the
point that SG A goes on low level control. In loop B, the Btu

limits should be activated and thus restrain the increase in FW flow.
Hence, in this case, overfeed of SG B and underfeed of SG A occur.

When loop B goes on Btu limits, cross limits to the reactor will
reduce reactor power, and the unit will also go into the track mode.
During the initial phase of this transient, there is a net reduction
in FW flow when SG B goes on Btu limits, and a reactor trip on high
RC pressure is probable.

Failure in the open position of the atmospheric dump, turbine
bypass, or any safety valve in the main steam line will cause an
increase in the pressure drop across the SG and an initial increase
in the feed of the SG. This event is bounded by the small break in
the main steam line.

The low level set point fails, giving a reading at its highest level.
This failure is functionally equivalent to r.
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APPENDIX C

Details of Hybrid Simulation Model Validation and Results

C.1 MODEL VALIDATION DETAILS

As noted in Sect. 4.3 of this report, model validation activities
included comparisons of results with toth data from B&W plants and

calculations from other codes.

Figure C.1 shows SG water level measured in a B&W plant similar to

Oconee 1; the level indication is obtained from the pressure difference
between taps and is the sum of static and dynamic heads. Simulation of
this measurement as a function of load is seen to be in agreement with

plant data.

Figure C.2 shows the primary and secondary temperature profiles in the
Oconee-type once-through generator, and Fig. C.3 indicates the heat
transfer surface utilization, that is, the fraction of tube length in
the boiling mode as a function of load. The measured values were taken
from standard BAW design reports, and the model tracks closely.

Figure C.4 shows the measured and calculated FW temperature as a
function of feed flow after turbine trip and reactor runback in a plant
very similar to Oconee ! in design and operation. Feed flow was a
boundary condition in this test of the balance-of-plant portion of the
model. Because the measurements were made near the input to the SG
and the calculations are upstream of this point by ~20 s, there is a
small delay before the measured values begin to decline.

Figure C.5 compares the core flood tank simulation with an Electric
Power Research Institute analysis of a transient at Three Mile Island
Unit 2.' The right scale is coolant injection as a function of primary
pressure. The left side is the nitrogen over-volume during tank
evacuation,

In March 1980 a turbine trip at Oconee 3, sister plant to Oconee 1, was
accompanied by an ICS malfunction that resulted in overfeed of the SGs.
(see Table C.1). Overfilling continued for -112 s until the high level
trip in SG A caused feed-pump trip. Data from the first 180 s of the
transient were available for model testing. No design data for Oconee 3
were available, and the Oconee 1 design was assumed. Secondary side
information included FW flow and pressure and water levels for both SGs.
Primary side data included power level, pressurizer water level,
pressure, and hot- and cold-leg temperatures of both loops. The hybrid
model is compared with these in Figs. C.6 through C.14, In general, the
model tracked closely, with the exception of the SG B water level which
fell below the measured value after the first minute.
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A3 part of the Pressurized Thermal Shock (PTS) Program, this overfill
transient was also run on both the TRAC PF1 and RELAPS codes. The TRAC

Table C.1. Oconee 3 overfeed transient of March 1980

Event Time (s)

Reactor and turbine tripped
Steam block valves closed

Steam bypass valves opened
Feed train heater drains closed

Feed flow to SG A zeroed by steam pressure buildup

Feed flow to 5G B minimized by steam pressure buildup
High pressure injection initiated on low primary pressure
Feedwater to SG A increased to ~8% flow

FW to SG B increased to ~26% flow
Pressurizer water level and pressure bottomed, began to rise
Feed pumps tripped on high SGC A water level

results? are included in Figs. C.6 through C.14., The RELAPS results,?®
together with the hybrid model results, are given in Figs. C.15 through
C.22. TRAC and RELAPS show good agreement with the plant data except
for the SC B water level which fell below the measured value after the
first minute, as was found with the hybrid model. The PTS study
speculated that the EFW system may have been running, though this is not
detectable in the available information, possibly explaining the higher
measured water level in SG B. The hybrid model shows the same degree of
agreement with the Oconee 3 data as TRAC and RELAPS, and consequently
compares well with these validated production codes.

The hybrid model was used to calculate guillotine-type main steam line
breaks (MSLB), compounded by SG tube rupture of varying degrees (see
Sect. 4.8). The PTS program also explored several steam line break
sequences with the TRAC and RELAP codes. Although tube rupture was not
part of the PTS scenarios, the first minutes (particularly the blowdown
phase) of the PTS scenario labeled MSL86“ were similar to the hybrid
MSLB in other major characteristics. (After the first 5 min, the PTS
and hybrid scenarios purposely followed difterent paths.) Comparison of
important variables during blowdown is shown in Table C.2. Both models
calculated SG dryout in ~20 s. Minimum primary pressures were 1500 psia
in the PTS case and 1535 psia for the hybrid model. The maximum
temperature drop during blowdown was 45°F in the PTS calculation and
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56°F in the hybrid calculation. The comparisons indicated that the
hybrid model, particularly the SG submodel, performed appropriately
during the relatively severe blowdown process.

Table C.2. Comparison of TRAC/RELAP and hybrid model calculations
of the blowdown phase of a main steam line break event

Steam Generator Maximum Downcomer Minimum Primary
Dryout Time (s) Temperature Drop Pressure (psia)
(°F)
MSLB6 Hybrid MSLB6 Hybrid MLSB6 Hybrid
20 21 us 56 1500 1535

C.2 DETAILS OF HYBRID SIMULATION RESULTS

The results of tne four groups of events considered in the augmented
FMFAs are described in Sect. 4 of the report as follows: SG overfill
transients (4.5); Secondary side depressuriza.ion transients (4.6);
Cverheating transients (4.7); and SG tube rupture transient (4.8).
Backup information for these descriptions are included in Figs. C.23
through C.93. References to the respective sections of the report, as
well as descriptions of the events simulated, are included in the figure
captions.
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Fig. C.23., Pressurizer pressure:

overfill (Class 1)* at 100% power.
Intermediate overfeed failure
insufficient to active SG level
protective features other than ICS
interaction.
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Fig. C.25. SG A outlet quality:

overfill (Class 1) at 50% power.
Intermediate overfeed failure
insufficient to activate SG level
protective features other than ICC
interaction.

*Fajilure classes are described in Sect.
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Fig., C.24, Core outlet coolant
temperature: overfill (Class 1) at
100% power. Intermediate overfeed

failure insufficient to activate SG
level protective features other than
ICS interaction.
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Fig. C.27. Core power fraction:
overfill (Class 3) at 20% power. MFW
control valve action in combination
with overfeed failure when high-level
contro' transfer is approached but
not reached.
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transfer and pump trip.
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Fig. C.28. SG A feedwater flow:
overfill (Cless S) &. 20% power.
Overfeed with failed high-level con-
trol transfer and pump trip.
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Fig. C.30. SG A water level:
overfill (Class 5) at 20% power,
Overfeed with failed high-level con-
trol transfer and pump trip.
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Fig. C.31. SG B water level:
overfill (Class 5) at 20% power.
Overfeed with failed high-level con-
trol transfer and pump trip.
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Fig. C.33. SG A steam flow: over-
fill (Class 5) at 20% power., Over-
feed with failed high-level control
transfer and pump trip.
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Fig. C.32. Core power fraction:
overfill (Class 5) at 20% power.
Overfeed with failed high-level con-
trol transfer and pump trip.
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Fig. C.34, SG A steam flow: over-
fill (Class 5) at 20% power.
Overfeed with failed high-level
control transfer and pump trip.
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Fig. C.35. SG A outlet quality:
overfill (Class 5) at 20% power,
Overfeed with failed high-level con-
trol transfer and pump trip.
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Fig. C.37. SG A outlet tempera-
ture: overfill (Class 5) at 20%
power, Overfeed with failed high-
level control transfer and pump trip.
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Fig. C.36. SG B outlet quality:
overfill (Class 5) at 20% power.
Overfeed with failed high-level con-
trol transfer and pump trip.
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power., Overfeed with tailed high-
level control transfer and pump trip.
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Fig. C.47. SG B steam flow: over-
fill (Class 5) at 100% power. Over-

feed with failed high-level control
transfer and pump trip.
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Fig. C.49., SG B outlet quality:

overfill (Class 5) at 100% power.
Overfeed with failed high~level con-
trol transfer and pump trip.
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Fig. C.48. SG A outlet quality:

overfill (Class 5) at 100% power.
Overfeed with failed high-level con-
trol transfer and pump trip.

ORNL-DWG 84 -16344

"e \ T T I
b .
.
b
3 400 | al

300 1 1 1

0 2% 50 75 0.0
TIME (mun)
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Fig. C.5%. 3G B cutlet tempera-
ture: overfill (Class 5) at 100%
power., Overfeed with failed high-
level contrel transfer and pump trip.
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Fig. C.53. Pressurizer water
level: overfill (Class 5) at 100%
power. Overfeed with failed high-

level control transfer and pump trip,
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Fig. C.52. Pressurizer pressure:

overfill (Class 5) at 100% power.
Overfeed with failed high-level con-
trol transfer and pump trip.
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Fig. C.55. Total FW flow: over-
fill (Class 7). MFW blocking valve
position indicator falsely indicated
closed; flow reading taken the start-
up meter in Loop A.
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Fig. C.57. Pressurizer water
level: overfill (Class 7). MFW
blocking valve position indicator
falsely indicated closed; flow
reading taken the startup meter in
Loop A.
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Fig. C.56. Pressurizer pressure:
overfill (Class 7). WM™MFW blocking
valve position indicator falsely
indicated closed; flow reading taken
the startup meter in Loop A.

ORNL - DWG 85 - 8663

o P T T
l

o ol P A AR
2 e 0% on 100
TME (mun)
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Fig. C.63. Pressurizer pressure:

secondary side depressurization at
20% power.* Transient induced by
partial steam line rupture or valves
failing open in Loop A.
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Fig. C.65. Core average coolant

temperature at 20% power as measured
by sensors in Loop A. Secondary side
depressurization induced by partial
ateam line rupture or valves failing
open in Loop A.
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Fig. C.64, Pressurizer water

level: secondary side depressuriza-
tion at 20% power. Transient induced
by partial steam line rupture or
valves failing open in Loop A.
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Fig. C.66. SC A outlet tempera-
ture: secondary side depressuriza-

tion at 20% power. Transient induced
by partial steam line rupture or
valves failing open in Loop A.

*Vajlure classes are described in Sect. 4.6.



ORNL - DWG B4 - 16351
I

PRESSURE (pssg)

1
50
TIME (min)

Fig. C.67. SG A outlet pres-
sure: secondary side depressuriza-
tion at 20% power. Transient induced
by partial steam line rupture or
valves failing oper in Loop A.
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Fig. C.69. Steam line A pressure:
secondary side depressurization at
100% power. Transient induced by
partial steam line rupture or valves
failing open in Loop A in combination
with loop B.
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Fig. C.68. SGC A FW temperature:
secondary side depressurization at
1008 power. Transient induced by
partial steam line rupture or valves
failing open in Loop A.
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Fig. C.70. SG A water leve':
overheating at 100% power.* Tran-
sient induced by loss of all FW to
SGs.

*Failure classes are described in Sect. 4.7.
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Fig. C.71. Core power: over-
heating at 100% power. Transient
induced by loss of all FW to SGs.
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Fig. C.73. Pressurizer pressure:

overheating at 100% power. Transient

induced by loss of all FW to SGs.
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Fig. C.72. SG A pressure: over-
heating at 100% power. Transient
induced by loss of all FW to SGs.
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Fig. C.74. Upper core coolant
quality: overheating at 100% power.
Transient induced by loss of all FW
to SGs.
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Fig. C.75. Core coclant flow:
overheating at 100% power. Transient
induced by loss of all FW to SGs.
Primary pumps tripped on low sub-
cool ing margin,
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Fig. C.77. Upper core coolant
quality: overheating at 100% power.
Transient induced by loss of all FW
to SGs. Primary pumps tripped on low
subcooling margin.

e T T T T T
€ 00 J
&
e }
Q
x
&
3
= 500
|
00 . s o DS, RGES— N
o 0 20 5] a0 50 60
TIME (mn)

Fig. C.76. Core average coolant
temperature: overheating at 100%
power. Transient induced by loss of
all FW to SGs. Primary pumps tripped
on low subcooling margin.
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Fig. C.78. Pressurizer pressure:
SG tube ruptures.* Overfill of SG A
followed by partial rupture of one
tube.

®*Fajlure classes are described in Sect. 4.8,
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Fig. C.79. Pressurizer heaters
input: SG tube ruptures. Overfill

of SG A followed by partial rupture
of one tube,
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Fig. C.81. SG A water level: SG

tube ruptures. Overfill of SG A
followed by partial rupture of one
tube.
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Fig. C.80. Core average coolant

temperature as indicated by sensors
in Loop A: SG tube ruptures. Over-
fill of SG A followed by partial rup-
ture of one tube.
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Fig. C.82. SG A pressure: SG

tube ruptures. Overfill of SG A
followed by partial rupture of one
tube.
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Fig. C.83. SG A outlet tempera-
ture: SG tube ruptures., Overfill of
SG A followed by partial rupture of
one tube.
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Fig. C.85. Core power: SG tube
ruptures, Overfill of SG A followed
by full rupture of three tubes.
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Fig. C.84, Pressurizer pressure:
SG tube ruptures. Overfill of SG A
followed by full rupture of three
tube.
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Fig. C.86. SG A pressure: SG
tube ruptures. Overfill of SG A
followed by full rupture of one tube
and total steam line break.



40
£
¢

350
- |
«
i l
HELES

0 ol

0 i \ 1 1 1 1

0 S 10 5 20 2% 30
TIME (mmn)

Fig. C.87. SC A water level: SG
tube ruptures. Overfill of SG A
followed by full rupture of one tube
and total steam line break.
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Fig. C.89. SGC A outlet tempera-
ture: SG tube ruptures. Overfill of
SG A followed by full rupture of one
tube and total steam line break.
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Fig. C.88. Total MFW flow: SG
tube ruptures, Overfill of SG A
followed by full rupture of one tube
and total steam line break.
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Fig. C.90. Pressurizer pressure:
SG tube ruptures. Overfill of SG A
followed by full rupture of one tube
and total steam line break.
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Fig. €.91. Pressurizer water
level: 3S5G tube ruptures, Overfill
of SG A followed by full rupture of
one tube and total steam line break.
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Fig. C.93. Core average coolant
temperature as indicated by sensors
in Loop B: SG tube rupture, Over-
fill of SC A followed by full rupture
of one tube and total steam line
break.
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Fig. C.92. Core average coolant
temperature as indicated by sensors
in Loop A: SG tube rupture. Over-
fill of SG A followed by full rupture
of one tube and total steam line
break.
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APPENDIX D

Review of Draft Report by Duke Power Company

A draft version of this report was sent to the licensee, Duke Power
Company, for their comments. We found their response very useful, and a
number of misconceptions were corrected. We are grateful for the
obviously substantial effort expended by the licensee and have made use
of the material supplied,

This report has been revised substantially since the early draft was
reviewed by the licensee. The revisions have been so extensive that it
is not always possible to make a section-by-section correspondence
between the revised draft and the review comments. A number of comments
in the review have been rendered moot by the revision. In keeping with
current NRC policy, we reproduce here those parts of the licensee's
response that resulted in revisions to the report.

Other licensee comments which were noted but not incorporated in the
report include matters where more than one judgment is possible,
situations with multiple possible outcomes dependent upon initial
conditions, references to calculations or data not available to us, and
comments on the proper limits of the study.

Specific comments referenced by page and paragraph follow.
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— N s A A S T —

Draft Report
Page/Paragraph

Executive Summary

Executive Summary

p- XS-3

p- X5-5, 2.3

Introduction

p. -5, 1.5.3

p. ¥Y-10, 1.5.4%

Review of draft report by Duke Power Company

Duke Power Comments

Various objections to choices of language.

Technical issues as detailed below.

Overfill events which have occurred and caused extensive
damage to the affected steam syetem should be identified
and substantiated instead of alluded to. None of these
events have happened at domestic B&W reactors.

The letdown storage tank (LDST) is well instrumented and
alarmed to alert the operators to low levels. In
addition, there is a nuclear station modification in
progress which will automatically provide a suction
source for the HPI pumps if the LDST empties.

"ESPS" is probably meant to be ESFAS.

Again, the pressurizer spray valve failing open and steam
generator tube rupture events are not overcooling
transients. Specifically, a stuck open spray valve is a
depressurization transient which will be mitigated by
operator action or Engineered Safeguards actuation. What
was the basis for selecting a temperature drop of 100°F
or more as a criterium for an overcooling event?

There is an automatic actuation of the emergency feed-
water upon detection of a low MFWP discharge pressure.

(<750 psig on both pumps.)

Therefore, if the MFW flow would cease without tripping
tne MFWPs, the EFW woula still be automatically started.

Alterations to This Report

The executive summary has been entirely
rewritten, rendering moot the Sugges-
tions made as to phraseclogy.

The rewrite attempted to avold any
technical errors pointed out in Duke
Power comments. See below.

Text 4id not intend to imply that the
events occurred at Oconee or at any
other domestic BAW plants. New refer-
ence is more specific. (Page viii)

The latter modification has been
initiated since publication of the
draft report. Its pending existence is
acknowledged in the body of the new

report .

ESFAS is a preferable term. Time may
not permit hunting down and changing
all the instances of "ESPS," which we
originally adopted because it is the
term uysed in Oconee's FSAR.

In the rewrite of this section, we have
dropped this particular scenario. The
100°F was a PTS consideration.

Iin general, we restrict this listing to
comments that led to (or were
coincident with) changes in our report.
In this case, although no change was
made, we believe an explanation is in
order. Although everything in the
comment is true, our simulation did not
bring us even close to the 750-psig
trip point.
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Section 2

p. 2-28
p. 2-30
p. 2-34%
p. 2-3%
{alsc 3-96)
p. 259
p. 2-62
pe 321
p- 3-45

The post-trip setpoint for the SC level is 25" not 30".

Post-trip RCS temperature is S55°F not S47°F, and is
determined by the post-trip secondary steam pressure of
1010 psig.

The discussion of PTS relating to small break LOCAs
should include mention of the mitigating effect of the
reactor vessel vent valves.

The statement is made in the last paragraph that a low
vessel downcomer temperature will occur in the initial
phase of a failed open PORV transient. This statement
has no basis in fact., The A-49 work does not support
this remark.

Atmospheric exhaust valves at Oconee are manually
operated and are normally always closed. 1i.e., they are
not used for steam generator pressure control after
turbine trip.

RC pumps reguire 6900 VAC, not 13800 VAC,

The turbine bypass valves do have block isolation valves.
Atmospheric vent valves are not part of the ICS.
Emergency feedwater is automatically actuated by only
two signals: Doth MFW pumps tripped or low MFW pump

discharge pressure.

As we have repeatedly told Oak Ridge, the EFW pumps are
not used during a startup.

EFW is actuated by a safety grade 2/4 logic system, The
EFW control system controls 25 inches lavel, but does not
start the EFW pumps.

Low level is not an EFW actuation signal.

Loss of both MFWP also starts all EFW pumps.

Accounted for where pertinent.

Accounted for where pertinent.

Included.

Lower temperatures do occur. However,
no PTS conditions were threatened; the
remark does not appear in the new
edition,

Corrected.

Corrected.
Noted.
True. Remcved from ICS outputs.

Corrected,

Corrected.

worrecticns made.
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P 359
p. 367
p. 3-82

p. 3782, 3.2.9

p. 3-86
through
3-94

p- 3-108,
3.2.10.1.3

p. 3169

p. 170
{also p. 5-2)

Setpoints for LPI actuations are: 550 psig RC pressuwre
or 3 psig RE pressure.

RB spray actuates on 10 psig RB pressure (not 4 psig).

LPI actuates at RCS pressure less than 500 psig or
reactor building pressure greater than & psig. However,
the shutoff head for the pumps is 150 psig.

The headline 3.2.7.3 "Fallure Mode and Effects Analysis...
Sprays System™ is followed by no further text. Its
meaning is not obvious. Same applies to the previous
systems (HPI, LPI...) and to the Paragraph 3.2.8 (should
this be 3.2.8.37).

The minimum level controllied by the main feedwaler as
well as AFW is presently 25 inches, not 30 inches.

The MFW low level limit is 25 inches, not 30 inches.

No information was given concerning the initial conditions
assumed for the simulation runs. If 35°F superneat was
assumed (based on BTU limit conditions) then this is a
gross underestimation of the actual superneat obtained
at Dconee. Between 15-100% load, Oconee's superheat
consistently runs between 48-63°F. Starting with Lhese
superheat conditions could drastically change the simula-
tion run results and thus the major conclusions of the
report.

The first sentence of this section cites "...insufficient
heat transfer rate across the steam generator tubes...”
as an overcocling mechanism. Obviously this (s wrong.
Overcooling is a result of too much SC heat transfer.

Appendix C was not found.

There is no steam guality trip at Oconee.
Dconee has nc steam guality turbine trip.

Figure 4.2.1, §4.2.2, etc., should be %.5.1, 4.5.2, ete,

Corrections made.

Fixed in final version.

Correction made.

Correction made.

Simulations were run with altered
conditions, Discussed in Section 4.9.

Slip of the pen. Fixed.

The material originally intended for
Appendix C instead went into the body
of the draft report. Appendices have
been restructured.

We originally got contradictory stories
regarding quality trip. We take these
comments as the final answer.

Figure numbers have been [ixed,

20t
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o, 4-4

p. %8

There are significant problems with the hybrid simulation
mcdel. The first problem is that no slip Detween the
vapor and liquid phases {s modeled in the steam generator
secondary side. Realistically the steam will move faster
than liquid water. Furthermore, the initial conditions
are inconsistent with the Oconee-! plant. Fig. 4.3.2
shows superneat beginning at more than 70% up the tube
bundle. SC outlet temperature is only STO°F. Manufac-
turers information, borne cut by plant data, indicates
that superheat begins at about 55% up the tube bundle.
The actual steam outlet temperature is about 595°F. The
effect of these modeling deficiencies is to underpredict
the steam outlet guality and therefore overpredict the
amount of wateér in the steam lines during the transient
simulations, Therefore, any conclusions based on the
amount cf water predicted to carry over into the steam
lines Uy the hybrid model are not well grounded.

I. Core: It is not obvious from this description wnich
metnod was selected for the simulation of the core.

More details on the SC simulation are desirable. The
statement that BAW design characteristics were used for
the initial model implies that a change is foreseen.
What will be used in later models?

Was tre plant data from a "clean™ steam generator?
Operational experience shows that a significant inerease
in 5C P can result due to deposits in the steam generator
tube support plates, without significantly influencing
other plant varjaoles.

It would be highly desirable to provide the compariscn of
the mode]l with the cited Oconee-3 data,

The model should be benchmarked against some typical
Oconee-1 transients, for which sufficient data base
exists.

We saw no cases in our simulation of

the generally phase-separated once-
through steam generator in which treatment
of slip would have been significant to
our results. The guestion of these new
initial conditions, however, was taken
very seriously. We revised the model

and made some additional runs. See
Section 4.9 of the revised report.

Additional explanation added.

Additional information provided.

Data used were those provided by Duke

Power Company. They were for a typical
operating steam generator.

Comparison made t¢ turbine trip.

Duke Power responded negatively to our
requests for these data.
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8-20

General Comment

General Commert

Section 2

Sections 5.1
thru 5.8

Does the model predict that the high level MFWP trip
setpoint cannot be reached? This is not in agreement
with Cconee data.

The scale on the Y-axis seems to be in error by a factor
of 10.

“ESAS™ {s an unknown acronym. “ESFAS"™ is probably the
correct term.

The top sentence fragment makes no sense.

There is no automatic termination of MFW on low RCS
pressure at Oconee.

The Cowew..ts contained in K. S. Canady's letter of
12/5/8% to R. S. Stone apply to the Executive Summary,
which is essentially the same as the paper.

The recommended actions have not been analyzed for their
potential negative effects, which could ultimately
outweigh the positive.

ADDITIONAL COMMENTS

There are many typos and missing words and/or phrases.
The report needs 3 good editing.

The abbreviation for instrument air is 1A in Sect. 2.5.3
{Pneumatic System.) Why not IA which is the Oconee
designation?

The fault trees (FT's) contain several event names that
use abbreviations whose meanings are not clear, €.g..
"BAL (7) PMP (2) TRIP INST," "EITHER SG OR RG (?) LEVEL
TRANS FAILS," EITHER MULT (2) MOD (?) FRILS," or

wBAL (?) HI LEV. INT. (2) INST FAILED,” or "ICS III ()
FW DEMAND." There should be a table included in this

Nothing was done in response to this
question, but as a point of informa-
tion, saying MFWP trip set point cannot
be reached is to strong a statement.
The response depends on the specific
transient. In the runs we made, trip-
point was closely approached but never
reached.

Yes. This has been corrected.

Cnanged.

True. This has all been changed.
Right. We have removed that statement.
All of Mr., Canady's comments which have

resulted in changes are covered in the
page-specific remarks above,

not

True. Our recommendations are now less
specific than in the original draft.

True. We hope the final edition is
improved in this regard.

Fixed.

Within space limitations we have tried
to improve readability.



Sections S.1 section of the report that defines the basic and

*wa 5.4 undeveloped event names and provides an appropriate level

(continued) of detailed information for each event. The amount of
detall provided should be guided by the condition that a
reader, knowledgeable of fault trees (FT's) and the ICS,
veing able to reconstruct the FT logic using only the
information contained in the FT's and the suggested table.

The development of the values used in the quantification More information provided.
of the FT's needs to be supported by the specifics
concerning the calculational methods used, assumptions
made, and data sources consulted, Suggest that an appendix
e included in the report to address the avove need for
specifi~s. The values used in the guantification of the
FT's are very important in providing the perspective in
wnich the safety concern rajised by this report is viewed

in context of overall plant safety. Therefore, these
values deserve a high level of scrutability and
traceability.

Section 5.4 It is not appropriate for a report of this stature to We agree. We have pointed out some -
make such an off-handed comment like "both (a) and (b) possible problems; specific remedies o
would, of course, increase the likelihood of spurious should be the responsibility of the wn
pump trips.® concerned utility.

The purpose of the report was to evaluate such acn-safety
related control effects on plant safety. However,
appearing in the report is a final recommendation to make
unevaluated eircuit changes. These changes may create
more safety implications than the present design.
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