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PREFACE

This project was performed in support of the resolution of USI A-17 on
Systems Interactions (SIs). The resolution of US1 A-17 involves deciding
whether SI studies ought to be required and, if so, what sort of study will
best meet NRC needs in this area. This project represents a limited trial of
a particular approach, carried out to illustrate strengths and weaknesses of
the approach.

A major element of NRC's Task Action Plan for the resolution of USI A-17
was to compare the results of this project (which used fault trees) with
results of a similar project carried out at LLNL (which used digraph-
matrices). Accordingly, the two projects were closely matched in scope and
level of effort, and essentially the same documentation was supplied, under
NRC control, to the two labs.

It must be clearly understood that this project is not a full-scope SI
study. Only certain accident sequences are considered; within these
sequences, only certain interaction types are considered; and for these
sequences and interaction types, only limited information was made available
to the labs. For comparison purposes, these limitations were deemed accept-
able by NRC, provided that the limitations were comparable between the labs.

Although this report is not a substitute for a full SI study, it has
achieved a number of important successes, and has thereby contributed to the
resolution of US! A-17. In particular, by applying prescribed methods, BNL
found a significant, previously undetected single active failure which causes
loss of LPI in medium or large LOCA sequences. Additionally, other situations
were found which warrant further review to establish whether regulatory
requirements are met. This report discusses those strengths of the present
method which have contributed most directly to these results.
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1. INTRODUCTION

This report presents the results of an application of fault tree tech-
niques to a search for system interactions (SIs) at Indian Point Unit 3, per-
formed in support of the resolution of Unresolved Safety Issue A-17 on System
Interactions. This first section describes the background of the project and
the scope of this report and of the project as a whole.

1.1 Background

Unresolved Safety Issue A-17 (USI A-17)1 is concerned with what, if
anything, should be done about Systems Interactions. One possible resolution
is to conclude that nothing needs to be done. Another possible resolution is
to require plant-specific Sl studies aimed at icgentifying SIs at particular
plants. [If studies revealed the existence of SIs, any which were judged sig-
nificant could of ccurse be addressed, and if no SIs were found, a suitable
basis for the negative finding could be made available. If a decision is made
to perform SI studies, it is appropriate to ask what sort of study best serves
these intended purposes. The answer to this will depend on the efficiency of
the different methods and the degree of confidence that can be placed in the
results

The project reported here addressed the above questions in support of the
resolution of USI A-17. Several years ago, USNRC asked for recommendations
regarding preferred methods for carrying out SI studies. BNL recommended? a
phased application of Fault Trees/Interacting Failure Modes and Effects Analy-
sis (FT/IFMEA), in which a logical model of the plant is developed iterative-
ly, in successively more detailed stages. Thisproject is an application by
BNL of part of its own recommended method. Other laboratories have also made
recommendations. In particular, Lawrence Livermore National Laboratory (LLNL)
recommende” a method using a logic model based on so-called "digraphs" rather
than fault trees.3

NRC therefore decided to compare these two methods (fault tree and di-
graph) to demonstrate their strengths and weaknesses. It was decided to apply
both methods concurrently to selected identical portions of Indian Point Unit
3, and to try to ensure that the same input was used in both studies. This



might mean that the results ublcined from the two projects would reflect di-
rectly on relative strengths and weaknesses of the two methods. Additionally,
although a major utility-sponsored PRA had already been performed on IP-2 and
IP-3,4 and although a separate utility-sponsored SI study had also been con-
ducted on IP-3,% it was hoped that the results of the two applications would
shed additional 1ight on the extent to which SIs are a problem.

1.2 Scope of the Project

The topics addressed in this project were chosen by negotiations be-
tween BNL, LLNL, and NRC. It was important to NRC to maximize the overlap in
the areas studied by the two laboratories so that the results could be scored
more easily. Early agreement was reached not to address containment systems
or the reactor subcriticality function, and to emphasize “"early" core melt se-
quences. This led to development of a list of accident sequences and corres-
ponding frontline systems which is given i Section 2.

Certain areas of inquiry (addressed below) which might have been pursued
here were eliminated in order to concentrate on other areas and to avoid over-
lapping other NRC work. Several of these exclusions were spelled out in the
Statement of Work. One such exclusion is that of human error. By now, it is
well established that human error is ger=rally an important consiueration, but
it is also being addressed in other NRC programs and was therefore out of
scope here. Maintenance errors are not modeled here, nor are control room
operator errors. The only counterproductive human acts which are reflected in
this project are based on misinformation due to display malfunction. These
acts ars not “errors," and as treated here do not invulve human factors con-
siderations; humans are treated as extensions of the hardware, which behave by
procedures according to the information displayed.

Another excluded area is the effect of certain control system malfunc-
tions. Events of this type appear in some of the sequences modeled, but have
n§t generally been emphasized.



So-called common cause failure effects have also been excluded. Thus,
for example, no primary event on the fault tree corresponds to "failure of two
diesels for unspecified reasons."” Some studies incorporate such developments,
using beta-factor arguments based on operational data, but this has not been
done here,

The Statement of Work contemplated a fairly detailed analysis of spatial
coupling, but because of the lack of documentation, a much reduced effort was
carried out, as described in Section 2.

1.3 Scope of the Report

Section 2 briefly mentions the method originally recommended by BNL for
full-scope SI studies, and then describes how the methodology was tailored for
the unique scope of this project. Section 3 describes the findings, and de-
taiis what constitutes a “finding" within the context of each sequence ana-
lyzed in the study. Then "“discovered systems interactions” are quantified so
that their safety significance can be assessed. Section 4 offers comments on
the method which was followed in order to address NRC's need to understand
strengths and weaknesses of the method employed here.

The Appendices provide information about the system models and compendia
of results. The main body of this report contains "findings" which are fail-
ure combinations that satisfy a screening criterion for significance; the
appendices contain a more exhaustive set. of failure combinations, most of
which are not judged to be probabilistically significant.

References for Section 1

1. Task Action Plan for Resolution of USI A-17, January 1984,

2. A. Buslik, I. Papazoglou, and R. A. Bari, Review and Evaluation of Systems
Interactions Methods, NUREG/CR-1901, 1981.

3. H. P. Alesso, I. J. Sacks, and C. F. Smith, Initial Guidance on Digraph-
Matrix Analysis for Systems Interaction Studies, NUREG/CR-2915, 1983,



Indian Point Probabilistic Safety Study, Power Authority of the State of
New York, Consolidated Edison Company of New York, Inc., 1982.

Power Authority of the State of New York-Indian Point 3 Nuclear Power
Plant Systems Interaction Study, Ebasco Services, Inc., 198l.



2.  METHODS

2.1 Overview of the General Approach

The method on which this project was based has been discussed elsewhere,
and will not be extensively reviewed here.} Its steps are summarized in
Table 2.1.1. The method is intended to cover the full range of possible acci-
dents; accordingly, the early phases of the process emphasize development of
an overview. Owing to the special circumstances governing this project, im-
portart steps in Table 2.1.1 were bypassed; the actual steps performed are
given in Table 2.1.2. while the proposed method (Table 2.1.1) contemplates a
full-scope study of a previously unanalyzed plant, this project was performed
as a limited s.ope application of fault tree methods for demonstration pur-
poses, carried out on a plant which had already been extensively studied.

Noteworthy features of the method are (1) the emphasis on explicitly
modeling the initiating event, in orde- to search for correlations between
initiating events and failure of mitigating systems, (2) basing the searches
for spatial and induced-human interactions on results of the functional model,
(3) solving the model first at, say, the train level and scrutinizing the re-
sults of this development before proceeding to develop the model to a finer
level of resolution, in order that SIs can be discovered early in the process
and that the development of the model benefits from the iterative feedback
process, and (4) linking the support systems to the frontline systems as well
as the other support systems.

In the first phase, a functional model was developed which prescribed the
scope of the searches for spatial and induced-human interactions. Important
interactions are those which link events that appear jointly in minimal cut-
sets of the functional model; the results of the functional medel therefore
provide 7ne way to set priorities in the search for spatial or induced-human
coupling.

Systems were resolved first to the segment level (a segment being a group
of components in series, lying between two nodes of the system). For each
segment, functional failure was modeled as failure of supports to the segment
or internal failures, 1.e., failures not due to supports. For each segment,
all events internal to the segment were collapsed into a <ingle event. For



example, a segment consisting of several valves in series would have a single
event corresponding to plugging of any of the valves, spurious transferring
closed because of local faults, failing to open because of local faults, etc.

It is essential that analysis of mitigating systems' failure be properly
conditioned on the character of the initiating events. A number of things
were done to accomplish this:

1. A fault tree for transient initiators was developed. Transient accident
sequence cutsets were displayed including the particular transient-initia-
ting event for at least those transients which functionally correlate with
support system faults,

2. Certain conditions were explicitly displayed on the fault trees as events:
presence of a safety injection (SI) signal, whether a LOCA was medium or
small, etc.

3, 40T logic was used to distinguish failure modes appropriate to different
conditions. For example, at IP-3, the component cooling pumps are running
or not depending on the availability of offsite power and on the presence
of an SI signal., “Failure" of these pumps must be judged against the pre-
vailing conditions.

Thus, in general, accident sequence cutsets contained explicit indication
of all relevant conditions. Consider the example of a transient sequence ini-
tiated by a service water failure leading to a turbine trip accompanied by
failure of fast transfer and eventual failure of auxiliary feedwater pumps to
start. The cutset will display the service water failure, the fast transfer
failure, and the failures causing the pumps not to start; since different com-
ponents of the actuation logic come into play for non-LOCA scenarios, the pre-
sence or absence of a safety injection signal may show up explicitly.

A1l essential support system fault trees were developed and linked, with
certain exceptions which can be classed as environmental control systems. For
each frontline system, then, the resulting model explicitly displayed all sup-
port faults as described above. At the indicated level of resolution (the
segment level), it is still possible to survey cutsets out to, say, third
order in a meaningful way. This is a logical necessity if cutset searching is
to play any role in the search for spatial or induced-human interactions.



Before this project was undertaken, a substantial wutility-sponsored
PRAZ (hereafter “the PRA" or “the IPPSS") had been performed, and a separate
utility-sponsored SI study (hereafter "the PASNY study") had also been com-
pleted.3 Concurrently with the BNL application of its fault-tree-based ap-
proach, Lawrence Livermore National Laboratory (LLNL) was applying its own
method to a study of the same accident sequences, basing its development on
digraph codes rather than fault tree codes. For purposes of a straightforward
comparison, both labs were to have received essentially the same information
and covered essentially the same ground. Accordingly, the PRA was to have
been used by both labs as a source document (and the PASNY SI study was, for
the most part, not made available to either lab).

Priorities which had been established for this project and the circum-
stances which governed the availability of information combined to dictate em-
phasis of some portions of the search and deemphasis of others. Systems and
sequences to be analyzed were chosen through a process of mutual agreement be-
tween LLNL, NRC, and BNL in which documentation considerations were signifi-
cant: this bypasses most of the early (thinking) steps given in Table 2.1.1.
Ultimately, the sequences analyzed and the success criteria chosen were taken
(where possible) from the PRA, A meaningful study of spatially coupled SIs
cannot be based solely on diagrams available to BNL, and must entail a good
deal of physical inspection and analysis; accordingly, the iterations of steps
I1J-1IN on Table 2.2.1, recommended in a search for spatial interactions, were
deemphasized in favor of a reduced search for “"candidate spatial SIs"
(CSSIs). 1In this study, CSSIs are essentially locations which are potentially
critical by virtue of their linking different events in a cutset; here, how-
ever, neither physical .nspection nor physical analysis has been performed,
and the CSSIs are therefore simply candidates.

The search for induced-human interactions corresponds to a very re-
stricted subset of the possibilities for operator involvement in accident se-
quences. In this study, traditional "human factors" considerations were out
of scope, as these are being considered in other NRC-sponsored work. Again,
the method given in Table 2.1.1 is more general than that used in the current
project.



In summary, then, this project is not a full-scope SI study. To focus
more directly on NRC needs, and to stay within the constraints imposed on the
project, BNL has developed a segment-level (see Section 2.2) functiona! model
of certain accident sequences, and has made a limited application of this
model to a search for candidate spatially coupled system interactions and dis-
play-malfunction-induced system interactions.

2.2 Approach to the Search for Functionally Coupled Syctems Interactiors

2.2.1 Scope

“Frontline" systems (FLS) to be analyzed are listed in Table 2.2.1. In
this project, a "frontline" system is essentially a system which (a) is in-
directly related to one of the safety functions being analyzed (protection of
RCS boundary, control of coolant inventory, removal of decay heat), and (b)
has been selected by consensus for study. On this basis, main feedwater (MFW)
has been listed as a FLS, although it has been modeled here essentially as a
transient initiator (reasons for this are given in Section 2 of Appendix A).
Support systems considered were those which support any of these frontline
systems. As it turned out, environmental control systems were not modeled
(fire protection, HVAC, etc.).

Accident sequences considered are given in Table 2.2.2. These, too, were
arrived at by consensus. Factors in the selection were:

(a) a decision to emphasize certain safety functions (e.g., removal of
decay heat) and not others (e.g., reactor subcriticality),

(b) a decision not to analyze containment systems,

(c) a decision to emphasize “early" core melt sequences (and not
recirculation phase failures), and

(d) a decision to avoid certain control systems failures which are being
considered in other NRC-sponsored work.



Table 2.1.1 Approach to Study of Systems Interactions

1. Selection of Systems for Detailed Evaluation

a. Study Plant Design and Operating History

b. Develop a List of Accident Initiators

¢. Develop a Functional Event Tree

d. Assign Frontline Systems to the Functions of the Event irees

e. Assign Support Systems to Frontline Systems

f. Develop Dependence Tables or Diagrams for Front-Line Systems and
Support Systems

g. Develop Systemic Event Trees

h. Develop Fault Trees for Accident Initiators

i. Develop List of Secondary Effects of Accident Initiators

II. Identification of Systems Interactions
(These steps are to be iterated at successively finer levels of

resolution)

. Perform Cascade Failure Analysis

Develop the System Fault Trees

. Generate Minimal Cutsets

. Search for Interactions in the Minimal Cutsets
. Complete Search for System Interactions

- B Rl
-

I1I. Evaluation Criteria for System Interactions

o. Evaluation (Ranking) of System Interactions

2.2.2 Methodology and Implementation

The method (Section 2.1) calls for evaluating the model at successively
finer levels of resolution. The reason for this is as follows. For purposes
of illustration, consider the example of the three HPI pumps, which share a
common location. Analyzing the few functional cutsets emerging from an early,
low-resolution evaluation, one is led directly to ask whether the three pumps
have anything in common, and to realize that there is indeed spatial commona-
lity; the obsarvation does not have to await the development of the full,
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Table 2.1.2 Stages in Present FT/IFMEA Application

l'

8.

Initiation of Work

Begin process of agreement on project scope between BNL, NRC, and LLNL.
Receipt of Documents Describing Systems and PRA

Receive from PASNY the documents to be used as input for both labs.
Selection of Systems Combinations for Detailed Evaluation

Develop consensus between BNL, NRC, and LLNL as to which frontline systems
to analyze and which accident sequences to consider,

Fault Trees Development - Cascade Failure Analysis for Functional Inter-
actions

This step corresponds to IIj-I'n (Table 2.1.1) for functional inter-
actions.

Cascade Failure Analysis for Spatial Interaction

This corresponds to Steps IIj - IIn for spatial interactions, where now
the functional model implicitly prescribes the components and locations
which (by virtue of being functionally important) are important areas to
be searched for spatial interactions.

Revision of Fault Trees - Final Set of Minimal Cutsets for Spatial Inter-
action

This task corresponds to steps IIk-IIm (Table 2.1.1).
Cascade Failure Analysis - Induced Human Interactions

This task was a search within the functional model for coupling between
failures which derived directly from display malfunctions.

Revision of Fault Trees - Final Set of Minimal Cutsets for Induced-Human
Interactions.

Owing partly to the reduced scope of this portion of the project, no
induced-human couplings discussed here warranted modification of the
model.

Evaluation of the Discovered Interactions
The safety significance of each cutset is considered with regard to its

quantitative probabilistic significance and to acceptance criteria of the
Standard Review Plan/licensing basis for IP-3.
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2.3 Approach to the Search for Candidate Spatially Coupled System
Interactions

2.3.1 Scope

The scope of the present search for candidate spatially coupled system
interactions (CSSI) represents a balance which reflects the information made
available to BNL and the limited end use (i.e., comparison of methods) antici-
pated by NRC for the results. The purpose of this section is to describe this
scope and how this part of the project was executed.

The emphasis of the BNL approach was to set priorities for physical anal-
ysis; that is, rather than anaiyzing all possible spatial interactions, one
analyzes those which

- couple pairs of events appearing in minimal cutsets of the functional
model,

- satisfy somc screening criterion for susceptibility, e.g., a pair of
objects may be considered susceptible to spatial coupling if the
coupled objects share a common location (e.g., fire zone).

For present purposes, “potential significance"” means the following.
One is usually interested in interactions between event A and event B only if
they appear jointly in at least one minimal cutset. Otherwise, they may con-
tribute to each other's probabilities, but not usually in a way that dramati-
cally changes any one cutset probability. If A and B are in the same minimal
cutset, however, and if they are spatially correlated, the cutset probability
may be much higher than if they were uncorrelated.

Given a potentially significant candidate, there are grounds for invest-
ing in physical analysis and/or visual inspection to determine the credibility
of the candidate. This is appropriate in a full SI study and would have to be
done before any conclusion could be drawn about the candidate's contribution
to core melt probability. However, the scope and purpose of this project is
to test the process of identifying candidates, not to perform the analysis
necessary to elevate a candidate to the status of being a credible contributor
to risk.
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- Valves which are energized in the safe position are assumed to spuri-
ously change state to the unsafe position if their control circuits
are in the affected zone.

- Electrical components (buses, transformers, circuit breakers, motor
control centers, battery chargers, batteries, diasels, inverters, dis-
tribution panels) in the affected zone fail to perform their func-
tions.

- Equipment (pumps, valves) which energizes to perform its function
fails, if its power or control cables are routed through the affected

Zone,

- Electric heaters for the BIT fail because of fire in the zones con-
taining them.

- Transmitters in the affected zcne fail to transmit a signal.

Given this information, wherever any particular events on the functional
fault tree are influenced by "fire in zone 17," say, an event F17 is defined
in the fault tree as implying those events. This straightforwardly leads to
new cutsets which are mixtures of F__ events and functional failures. For
some purposes, this is adequate. More revealing transformation of the func-
tional events are discussed in a Sandia report®; the simple prescription
given above leads to a result which is more condensed but less scrutable.
This approach has been taken here as a simplified first cut.

Some years ago, Sandia conducted a systems interaction study5 which
illustrated the logic of augmenting a functional model with “linking charac-
teristics” correlating hardware failures, in order to produce a combined
result. This was done using SETS. The present search for spatially coupled
SIs also uses SETS, and has benefited from the Sandia work. However, there is
one difference. The Sandia report recommends obtaining the minimal cutsets
for the functional model ("Run the SETS computer programs to obtain minimal
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cutsets. Store these cutsets but do not review them [!]") and then transform-
ing the cutsets by using the linking characteristics. This works if the cut-
sets obtained initially are a reasonably exhaustive set. In the present
study, however, functional results were obtained out to second order. These
second-order results would be relatively uninteresting to transform, because
some omitted triple might be the lowest-order cutset at which some common
location factor could come through. Because of this, because the model is not
burdened with excessive detail, and because low-order cutsets are of primary
interest in this application, it is easy, inexpensive, and sufficient to rerun
the calculation using the augmeited fault trees.

2.4 Approach to the Search for Induces Human System Interactions

2.4.1 Scope

Human actions play an important role in accidents. Maintenance errors or
testing errors can render individual trains or even whole systems unavailable;
misdiagnosis of plant conditions, or procedural errors in dealing with acci-
dents, can be crucial.

None of these actions is the subject of this phase of the project, al-
though the word “human" figures prominently in its title. Human factors are
studied extensively in other NRC programs; this large area continues to devel-
op. To avoid overlap with other programs, and in keeping with the overall
project emphasis on mechanical coupling, this search was confined to linkages
between hardware failures which are mediated by operators who are correctly
following procedures but who are misled by display malfunctions or erroneous
procedures, To see more concretely what is being sought, consider the hypo-
thetical example of a bus fault which initiates a plant transient and also
causes some instrument failures. If these instrument failures mislead the
operator and cause him to do further harm according to procedures, then the
coupling between the bus fault and the additional harm is the "induced-human
system interaction.”



18

The documentation used in completing this search included Indian Point 3:

System Descriptions

- Piping and Instrumentation Diagrams
- Emergency Procedures

- O0Off-Norma! Operating Procedures

- Alarm Response Procedures

- Operating Procedures

2.4.2 Methodology and Implementation

Figure 2.4.1 summarizes the method used to search for potential induced-
human systems interactions. The functional fault trees defined the boundaries
of the search and the documentation noted above provided the input data. The
original plan envisioned for this analysis was to search cutsets to see
whether an induced-human linkage co:ld be found that would reduce the order of
any cutset., For reasons to be discussed in Section 4, this approach was not
followed. Instead, a decision was made to proceed by individual analysis of
each of the 750 or so primary failure events (PE) in the functional model, to
see whether any given event could cause, or be caused by, some operator action
relating to any other PE. The term “primary failure events," as used here,
means events at the limit of resolution of the present model, namely, basic or
diamond events on the fault tree.

The first step in this search was to categorize the PEs with respect to
their potential for induced human interactions. A listing was obtained for
each frontline and support system of the PEs that made up the functional fault
tree for that system. This grouping of PEs by system facilitated a categori-
zation of the PEs., Five categories were defined:






20

Appendix D of this report provides the results of these first three steps
for all the PEs of the functignal fault trees.

Step 4 of the search was a further screening of the Category 1 PEs to
identify "candidate induced human system interactions" (CIHSIs). The screen-
ing criteria used for this step were the following:

A, Do two or more Category 1 PEs have the same stimulus?
B. Is any PE the stimulus for any other Category 1 PE?

C. Is the human response to any PE the same as the human action that
causes the Category 1 PE?

Table 2.4.1 shows the Category 1 Pts that met any of these three screen-
ing criteria and were thus identified as CIHSIs.

Step 5 of the search was to consider whether any of the CIHSIs credibly
leads to a reduction in the order of any functional cutset.

This was accomplished by first reviewing the CIHSIs from Table 2.4.1 in
the context of their respective cutsets, in order to identify whether the
CIHSI would be valid under the given combinations of planrt conditions (e.g.,
an operator might be induced to secure one train of a redundant system except
when the other train is out of service). Any CIHSIs emerging as valid would
have been added to the appropriate fault trees, and the effect on the cutsets
would have been studied. This latter step was not performed, as none of the
items in Table 2.4.1 was found to be valid in the context of its cutsets.
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3.  FINDINGS

In the course of this project, a logical model was construct2d which
gives system failure modes for certain top events. This list of failure com-
binations is intended to be exhaustive (for the types of failures considered)
for one- and two-element cutsets. One now asks about their significance:
which of them, if any, represents a "discovered systems interaction,” and what
is the probabilistic significance, if any? The next subsection (3.1) dis-
cusses the notion of systems interaction, and in Subsection 3.2, “"discovered
systems interactions” are guantified.

3.1 Definition of Systems Interactions

This section considers definitions of “Systems Interactions.” The lan-
guage appearing in the following definitions is taken from earlier BNL work 1
and from a recent Task Action Plan for USI A-17 (January 1984).2 These
definitions broadly governed the scope of the project as a whole. This sec-
tion culminates in Table 3.1.1, which qualitatively indicates, for the systems
and sequences analyzed, what sort of cutset would be considered to represent
an S1 at Indian Point 3.

A formal definition of system interaction (SI) can be given as follows:

An SI exists if two or more faults (in the same system or in distinct
systems, these being associated with vital safety criteria) are dependent, and
the dependence was not intinded in the design.

An example may serve to illustrate why intent is invoked, and what other
considerations might substitute for it. Consider the case of the RWST supply-
ing water to three HPI pumps thrcugh a single line containing une or more sup-
posedly open valves. Plugging of these vaives will fail the HPI, but this is
not an SI, because the designer was aware of it and, presumably, considered
the plugging event to be a low probability one. "“Intent," therefore, becomes
involved because it is necessary to discriminate against trivial Sls.

More coi.cretely, an SI is an undesirable result deriving from a single
credible failure within one system, component, or structure, which propagates
to other systems, components, or structures by inconspicuous or unanticipated
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Table 3.1.1 Sequence-Specific Characterization of Systems Interaction

Event Design-Intended Examples
(Refer to Table 2.2.1) Leading Cutsets of SI
L a*a*a a*a
T*L a*a*a*a a*a
p*a
p*a*a
a*a*a
Usmall LOCA a*a*a a*a
p
medium LOCA a*a 4
p
D a*a a
p
S,2(P) p a*a
a*a*a
a*a*0
$,(Q) a*a a
p
S,(P)*U p*a*a*a axa
a*a*a
Key: a = active failure

p = passive failure
0 = operator act

a*a
p*a

cutset consisting of two active failures
cutset consisting of one passive and one active failure
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interdependences. “Undesirable results" of particular significance for this
study are the folliowing:

1. Degradation of redundant portions of a safety system, including con-
sideration of all auxiliary support functions. Redundant portions
are those considered to be independent in the design and analysis
(FSAR, chapter 15) of the plant.

2. Degradation of a safety system by a non-safety system.
3. Initiation of an accident (e.g., LOCA) AND

a) the degradation of at least one redundant portion of any one of
the safety systems required to mitigate that event,

or

b) degradation of critical operator information sufficient to cause
him to perform unanalyzed, unassumed, or incorrect action.

4., Initiation of « transient (including reactor trip) AND

a) degradation of at least one redundant portion of any one of the
safety systems required to mitigate the event,

or

b) degradation of critical operator information sufficient to cause
him to perform unanalyzed, unassumed, or incorrect action.

From the language of the foregoing ("intended in the design," "unantici-
pated interdependences"), it is clear that the notion of design intent is in-
volved. In some areas, assessment of design intent is less straightforward
than might be supposed. Demonstraiing that a system will succeed in spite of
an assumed single active failure does not imply that the designer was content
5imply to make the system single-failure-proof. Thus, while Chapter 15 analy-
ses are generally required to postulate certain failures, these cannot be
assumed to define the intended level of redundancy, which is frequently higher
than one might conclude from such a conservative approach.
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In this study, success criteria for frontline systems have been taken to
be those used in the [PPSS. For a specific scenario, then, a flow requirement
is defined; considering the pumps which are available and their capacities,
one arrives at a measure of how many independent active failures the system
was intended to withstand. For example, consider the HPl system given a
medium LOCA. The HPl system has three pumps; two are required to operate to
mitigate a medium LOCA. Therefore, two pump fa 'ures imply HPI failure, but
one pump failure does not (indeed, by the single failure criterion, cannot).
The design intent which pertains to HPI for medium LOCA is therefore essen-
tially the single-failure criterion. For small LOCA, however, one out of
three pumps is enough. In this study, then, any two-element cutset for HPI
corresponds to a systems interaction.

The case of RCP LOCAs calls for additional discussion. The event ana-
lyzed here is failure of systems providing cooling to the RCP seals. One
question is, what is the intended level of redundancy of the supports? Brief-
ly, the argument is as follows. The two direct support systems are the
charging system which provides seal injection flow, and the component cooling
system which provides cooling to the RCP thermal barriers and to the charging
pumps. It can be assumed that both the thermal barrier cooling and the seal
injection must be lost to cause a seal LOCA. However, because the charging
pumps depend on CCW, they can arguably be eliminated from counting towards the
“intended" redundancy. (City water can cool the charging pumps in lieu of
CCW, but this requires a manual act outside the control room.) Here, then,
the criterion for RCP is taken to be that applied to CCW. The CCW system has
three pumps; two are sufficient for any scenario, and one is sufficient for
critical loads under some conditions if the operator eliminates nonessential
loads it order to direct the single pump's flow to where it is most needed.
"RCP Seal Failure" is therefore either three active pump failures, or two
active pump failures and one active operator failure. An adverse SI for the
top event "seal LOCA" is therefore a double active failure which fails CCW or
a single active failure which fails more than one pump's worth,
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Linkage between initiating event and mitigating system is of special
importance, as mentioned above in examples of SIs. Since HPI is required to
mitigate an RCP seal LOCA, any linkage between the seal system and HPI is of
potential interest. It was indicated above that the design intent for HPI,
given small LOCA, corresponds to triple redundancy and that the design intent
for RCP seals would be taken to correspond to triple redundancy; the design
intent for the core damage sequence "RCP seal LOCA and HPI failure" might
therefore be argued to correspond to sixfold redundancy. This is excessive,
because the emergency ac power system is itself a three-train system support-
ing both HPI and CCW. Here, one comes up against an example of the “incon-
spicuous” and "unanticipated" provisions in the definition of SI. It is clear
that two active failures (for the sequence RCP and HPI) would surely corre-
spond to an SI, and a sequence consisting of three active failures would also
qualify because the initiating event is included. Since this exhausts the
scope of the present study, we need not carry the argument further.

3.2 Functionally Coupled Systems Interactions

This section presents cutsets w#hich meet the following criteria:
1. They meet the criteria given in Section 3.1 for Sls.

2. They have two or fewer events.

3. They were not found by the [PPSS.

4, They contribute to the top event at a level greater than the cutoff
chosen, which was a system unavailability of 108 or a sequence
frequency of 10'8/yr, depending on the particular top event being
evaluated.

This quantification has been performed in order to provide some perspec-
tive on the cutsets. This project has not been carried out with any intention
of requantifying the top events defined in the I[PPSS; qualitative insights
have been sought, and found, and the present exercise is simply a final cull-
ing process, assigning a rough measure of significance to the cutsets. A com-
plete list of the cutsets for each system/sequence is provided in Appendix C.

Table 3.2.1 displays the events which appear in those cutsets which
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Event

Table 3.,2,1 Primary Event Quantification

Description

AFBLKG-BFD67

AFBLKG-BFD68

AFBLKG-BFD69

AFBLKG-BFD70

AFSEGA-6-8-NOA

AFOO1-A-INT

AFO10-A-INT

AFO 1 1-A~H

AFO11=A-INT

AFQ14~A-INT

AFO15-A-INT

AFO24-A-INT

AFO25-A-INT

Fallure Rate

Back | eakage of BFD67 and other check valves
Back leakage of BFD68 and other check valves
Back leakage of BFD69 and other check valves

Back leakage ot BFD70 and other check valves

Fallure of operator to align CW at AFW pump,

CT64 fails closed,

Motor-driven AFW pump 31 tallure,

Operator fails to bring AFW pump 32 up to speed,

AFW pump 32 fallure,

Fallure of flow path from AFW pump 31 to SG32.

Fallure of tlow path from AFW pump 31 to S5G31,

AFWS injection line fails to supply water to S5G32,

A or Mission
Probabi ity Time Q
of Fallure T (Unavall-
on Damand Source (hours ) abliity)
in discharge, 2.6E-7/hr I1PPSS 245 6.2E-5
In discharge, 2,6E-1/hr 1 PPSS 6.3€~5
in discharge, 2.6E-7/hr 1PPSS 6,3E-5
In discharge, 2.6E-T/hr I PPSS 6.3€E~-5
7.E-3/D 1PPSS 7.E-3
9,2t-8/hr IPPSS 258 2.4E-5
1.51E-3/D 1PPSS 1.51E~3
7.E-3/0 1PPSS 7.E-3
4.6°E-3/D IPPSS 4,61E-3
7.3t-4/D IPPSS 7.3E-4
7.3t ~4/0 1PPSS 7.3E-4
T.16=5/D IPPSS T.1E-%
7.16-5/0 1PPSS 7.1E-5

AFWS Injection line fails to supply water to SG 31,

0€



Table 3.2.1 (Continued)

Fallure Rate

A or Mission
Probability Time 0
ot Fallure T {Unavall-
Event Description on Demand Source (hours) ability)
CCO15-A-INT HPI pump 31 ol or seal Hx faliure, 3xlo‘slhr I1PPSS + 720 1.1E-2
NUREG/CR~
2815
CCO 18-A- INT Manual valve 787 falls closed, 9.3x10" &/ne 1PPSS 720 5,365
CSO15-A- « wT Segment 5 internal fallure, 9.2x10" ¥nr IPPSS 258 2.4E-5
CWOG2~-A~-INT internal fallure of CT-49 segment, 9.2%10° alhr 1 PPSS |.75x|05 1.6E-2
EPA-LATE-LOOP LOOP during mitigation (within 8 hrs of initiator), 3.1E=-5/hr I1PPSS 8 2.56-4
SPA-TR~| N~LOOP Transient-induced LOOP, 3.41E-4/D I1PPSS 5.41E-4
(P.1.6-217)
EPADS~INT-F Local fault In DG31, 1.44E-2/0 1PPSS 8 2.2E-2
FTS
9. 4E-4/hr
FTR
EPA)6~S~F Local fault of tie breake: 2AT3A, 1.33E-3/0 1 PPSS 1.53E-3
EPDO 3-02-F Local fault at dc power panel 33, 3.25E-8/hr 1 PPSS 2.8BE-4
(2.8E-4/yr)
EPDO2-02-F Local fault at dc power pane! 32, 3.25€E-8/hr I1PPSS 2.66-4

§3



Table 3.2.1 (Contlnued)

Fallure Rate

A or Mission
Probability time 0
of Fallure ¥ (Unavall-
Event De<cription on Demand Source (hours) abllity)
EPDI12-F Faliure of ba‘tery 32, 1.1E-3/D NUREG 1.1E-3
EPD13~F Fallure of battery 33, 1.1E-3/D NUREG 1.1E-3
EPD3132-U-F Fault In dc power panels 31 & 32 associated with tie breaker, 6.0E-5/yr NUREG 6E~5
EPI21-15-F Local fault In inverter 31 or cable, 3.77€~6/hr 8 IE-5
HPOO2-A~INT HP| pump 32 Internal tallure, 2.3E-3/D | PPSS 2.3E-3
HPOOTA-C~ I NT Leakage past NC MOV 1852A, G .B7E-8/hr I PPSS 720 3.5€-5
HPOO78~C~INT Leakage past NC MOV 18528, 9.87E-8/hr I PPSS 120 3.5€-5
HPOOT9-A- INT Internal fallure segment 7€ (plugging) (2 sections), B.6E-9/hr 1 PPSS 1.3:!0"’ 1. 1E~-4
tach Section
HPOOTF-A~INT valve 1846 opens, diverts flow to CVCS hold-up tanks, 2.0E-8/hr, I1PPSS L 1.56-8
HPO 1 1A~ A=~ INT No valve 1862 or MOV 842 or MOV B43 falls closed, 9.2E-8/hr 1PPSS 360 9.9€-5
Each valve
LPO 16-A RMR min flow |ine plugged MOV 1873 or 743 PC, 9.15€-8/hr 720 6.6E-5
Each valve
SE-S2-EGI~INT Local fault of DG3! breaker actuation scheme, 1.33 E-3/0 1 PPSS 1.33E-3

et



Table 3.2.1 (Continued)

Fallure Rate

A or 4dission
Probability time Q
ot Fallure T (Unavalli-
Event Description on Demand Source (hours) ability)
SWNL ~A-CONT SW pump 35 falls to restart, 1.36E-3/D 1PPSS 1.36E-3
SWN2 ~A- | NT-F Fallures in NSW pump 35 segment, 4,.68E-5/hr 1PPSS 8 3,75-4
SWN3~A- | NT-F Failures In NSW pump 34 seqment, 4.68E-5/hr I PPSS 8 3.75-4

131
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survive the culling process. For purposes of comparison between LLNL and BNL,
it was agreed to use IPPSS failure data wherever these were available and
applicable.

3.2.1 (Qualitative Insights Regarding Discovered Functional Sis

Qualitative Insight

Understanding the cutsets is much easier if a few key points are made
clear. These are presented here. [ach sequence is then discussed separately.

The nomenclature applied to the events and logic gates within the BNL
mode! is not that used in the IPPSS. The present methodology requires that
the level of resolution be as coarse as possible while displaying all support
linkages. The IPPSS resolution tended to be finer, and the IPPSS did not
cover exactly the same ground as this study. It was, therefore, decided to
create an independent nomenclature that would be self-consistent, would be
directed toward the search for system linkages, and would provide the flexi-
bility of coding more information into the event names as the need arose.
Event names are restricted to 16 characters by the SETS code. Appendix B
provides the listing of all primary events and their definitions.

Dc Control Power (Battery 32)

There is an important functional coupling between redundant trains of
various systems taking power from 480-V buses 3A and 6A. The coupling is most
telling in the medium LOCA sequence, wherein it leads to a single active
failu-= mode for LPI; but it affects the cutsets of other sequences as well.

Refer to Figure 3.2.1. Most of the present discussion revolves around
the availability of ac to 480-V bus 3A. One sers that 3A is supplied from
6.9-kV bus 3. Ordinarily, power to bus 3 is cominag from the unit auxiliary
transformer, but following a turbine trip, a fast transfer should be made so
that power to bus 3 comes from bus 6. If power to 3A is unavailable from bus
3, then 3A can receive power from 2A if breaker ZAT3A closes. However, this
happens automatically only if 2A also loses cffsite power and after diesel
generator 31 closes on 2A. If 3A loses offsite power and 2A does not, 3A
remains deenergized until an operator closes 2AT3A. One way to lose offsite
power to 3A is by a failure of bus 3 fast transfer foilowing a turbine trip.
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To Unit AUX To Offsite
Transformer Power
To6.9kV '
Bus S I [l[} i
L - . 6.9kV
Bus 2 . Bus3x g Bus6* g
SST2 SST3».L¢< SST6 =
Bus 2A ! Bus 3A d Bus GA** + 480V
2AT3A 3ATEA
DG3I RHR RHR | DG32
MCC 37 480V
---Denotes fast transfer upon Botte:y 32
turbine trip Battery e
* Denotes Bus/Breagker control power Charger |
derived from DC PP 32 T
ONormaily open circuit breaker DC Power 125v DC

@Normally closed circuit breaker Panel 32 * * *

Loads of Interest:
69 kV Bus 6
69kV Bus3
480 V Bus 6A

Figure 3.2.1 Selected portions of IP-3 electrical
power system.
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Next, consider the causes of failure of bus 3 fast transfer, Clearly,
breakers could be involved, but for present purposes, the importast failure
mode is unavailability of dc. The dc power controlling the fast transfer of
bus 3 is derived from dc bus 37, which also serves 480-V bus 6A,

Finally, consider the sources of power to dc bus 32. One source, of
course, is its battery. Another is bus 6A via MCC 37. However, whenever an
SI signal is present, MCC 37 is shed from 6A, and dc bus 32 is powered only by
its battery. Given an SI, then dc battery 32 is responsible for controlling
loads on 480-V bus 6A, and for fast transfer of bus 3 supplying offsite power
to 3A. The SI signal directly (immediately) causes the shedding of dc bus 32
via MCC 37 and indirectly initiates fast transfer (30-second time delay for
turbine trip following reactor trip), so that fast transfer following an SI
depends on the battery.

Now let us assemble this chain of events for a particular case, namely,
large or medium LOCA., Assume that dc battery 32 is unavailable upon demand.
An SI signal is generated, whereupon dc bus 32 is shed from 6A. Without dc
control power, the LPI pump which ought to be picked up by 6A will not start.
The fast transfer of bus 3 (delayed by design for 30 seconds) will not take
place, leaving 3A without offsite power. Since 2A is unaffected, 3A will not
automatically receive onsite power so the other LPI pump, which ought to be
picked up by 3A, will not function.

Therefore, battery 32 is a single failure for large or medium LOCA. How-
ever, the effects are also significant in other sequences. The bottom line is
that two supposedly independent 480-V buses are affected; LPl is special in
that its two trains are powered by these buses, but it is clear that other
systems are affected.

Service Water to Diesels

In this model, two out of three service water pumps are required for
system success. This means that failure cof two diesels in a LOOP sequence
causes failure of the third diesel, because one diesel powering one service
water pump is not considered a success state. (There is insufficient service
water flow to the diesel.) Many of the cutsets in the appendices reflect this
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logic. Note that events other than TR-LOOP, EPA-TR-IN-LOOP, and EPA-LATE-LOOP
cause loss of normal power to one or more 480-V buses, so that this coupling
affects scenarios other than obvious cases of LOOP.

Service Water Cooling of CCW Heat Exchanges

The present model considers loss of conventional service water to imply a
failure of component cooling. Ultimately, this is correct, but for short-time
scenarios, it is likely to be a substantial conservatism. As an alternative
to development of different logic for long and short terms, however, this con-
servatism was left in place, with the attitude that manifestly conservative
cutsets would not be taken at face value. This comment applies to spurious SI
scenarios or LOOP scenarios, which interrupt conventional service water and
thereby deprive CCW of a heat sink until operator action is taken to restore
it. Note that operators, in this study, are assumed to take proper action

unless instrumentation faults mislead them.

3.2.2 Quantification of Discovered Functional Systems Interactions

Cutsets are presented and quantified for each top event considered which
yielded cutsets meeting the criteria spelled out at the beginning of Section
3. 2.

3.2.2.1 Auxiliary Feedwater System (Event L)

Cutsets are shown in Table 3.2.2. Note that wherever EPD12-F appears,
the effect discussed above under "Dc Control Power (Battery 32)" 1is being
manifested. (The cutsets shown here are for the case of a LOCA, i.e., an SI
signal 1is present, for some purposes.) The events appearing in conjunction
with EPD12-F cause failure of the turbine-driven pump. Other cutsets are
failures of suction to the AFWS pumps.

3.2.2.2 Transient and Loss of Auxiliary Feedwater (Event T+*L)

Cutsets are shown in Table 3.2.3. Again, many of the cutsets are related
to the discussion of "Dc Control Power (Battery 32)." Here, however, the bat-
tery itself is not displayed explicitly. [In transient cases (except LOOP)
there is no signal to shed MCC 37 and thereby deprive dc bus 32 of its normal
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Table 3.2.3 Quantified Cutsets - T*L Sequence

Initiat‘ng Event

Enabling Event

Sequence Frequency (Events/yr)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)

EPDO2-02-F
EPDO2-02-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD3132-U-F
EPD0O2-02-F
EPD02-02-F
EPDO2-02-F
EDPO2-02-F
EDP3132-U-F

AFO11-A-H
AFO11-A-INT
EPAO8-INT-F
AFO10-A-INT
SWN2-A-CONT
EPAL6-S-F
SE-52-EGL-INT
EPD13-F
AFO14-A-INT
AFO15-A-INT
SWN3-A-INT-F
SWN2-A-INT-F
EPA-TR-IN-LOOP
AFBLKG-BFD67
AFBLKG-BFD68
AFBLKG-BFD69
AFBLKG-BFD70
EPA-LATE-LOOP

(2.8E-4/yr)*(7.0E-3) = 2.0E-6

(2.8E-4/yr)*(4.6E-3) = 1.3E-6
(6.0E-5/yr)*(2.2E-2) = 1.3E-6
(6.0E-5/yr)*(1.56-3) = 9.0E-8
(6.0E-5/yr)*(1.4E-3) = 8.4E-8

(6.06-5/yr)*(1.33E-3) = 8,0E-8
(6.0E-5/yr)*(1.36-3) = 8.0E-8
(6.0E-5/yr)*(1.1E-3) = 6.6E-8
(6.0E-5/yr)*(7,3E-4) = 4,4E-8
(6.0E-5/yr )*(7.3E-4) = 4,4E-8
(6.0E-5/yr)*(3.76-4) = 2,2E-8
(6.0E-5/yr)*(3.76-8) = 2,2E-8
(6.0E-3/yr)*(3.41E-4) = 2,0E-8
(2.86-4/yr)*(6.3E-5) = 1.8E-8
(2.8E-4/yr)*(6.3E-5) = 1,8£-8
(2.8E-4/yr)*(6.36-5) = 1.8E-8
(2.86-4/yr)*(6.36-5) = 1.8E-8
(6.0E-5/yr)*(2.56-4) = 1,5E-8










42

3.2.2.4 Failure of HPI Given Medium LOCA (Event S,*U)

The cutsets shown here (Table 3.2.5) all have the property of failing all
flow through one of the two injection lines (lines 16 and 56). One of these
events (CCO18-A-INT) accomplishes this by failing two pumps directly; the
others fail the BIT injection line,

3.2.2.5 Failure of LPI in Conjunction With Medium LOCA

One of these cutsets (Table 3.2.6) has previously been discussed in Sec-
tion 3.2 under "Dc Control Power (Battery 32)." The other is failure of mini-
mum flow protection for the LPI pumps. This is expected to apply when, and
only when, depressurization of the RCS is slow enough for the LPI pumps to
need this protection. Such events may be only a subset of all "Medium LOCA"
events.,

3.2.2.6 Transient-Induced RCP Seal Failure [Event S,(P)]

Treatment of this event in this study differs from the treatment of other
events, The RCP seals are protected by two normally operating support Sys-
tems. “Long-term" failure of both of these is assumed to lead to seal fail-
ure, where "long term" probably means on the order of half an hour or more.
At [P-3, there are certain transient conditions under which these support sys-
tems are interrupted or degraded by design, and are to be restored by operator
action, Human error would appear to be an important topic in this area, but
was specifically excluded from this project.

Here, the event has been modeled initially with no credit for operator
action. The resulting cutsets are, for the most part, overconservative in
that they ignore the plant's design basis which clearly takes credit for
operator action in this area, These cutsets are given in Appendix C. They
were then examined for recovery potential, resulting in a much shorter list of
cutsets not clearly within the operator's ability to recover,

Finally, these were measured by the criteria given at the beginning of
Section 3.2, and only the two shown on Table 3.2.7 remain., These are loss of
multiple dc buses and loss of offsite power, either transient induced or






Table 3.2.6 Quantified Cutsets - S,D Sequence
S; = 1.17E-4/yr

a4

Contribution
Unavailability
Cutset (Event D) Events/yr
EPD12-F 1.3E-7
LPO16-A 7.8E-9
Table 3.2.7 Quantified Cutsets - S,(P) Sequence
Cutset Quantification Events/yr
EPD3132-U~-F * EPA-TR-IN-LOOP (6,E-5/yr)*(3,4E-4) 2.0E-8
EPD3132-U-F * EPA-LATE-LOOP (6,E-5/yr)*(2,5E-4) 1.5E-8
Table 3.2.8 Quantified Cutsets - S,(P)*L Sequence
Cutset Quantification Events/yr
EPD3132-U-F * EPA-TR-IN-LOOP (6.E-5/yr)*(3,4E-4) 2.0E-8
EPD3132-U-F * EPA-LATE-LOOP (6.E-5/yr)*(2,5E-4) 1.5E-8
Table 3.2.9 Quantified Cutsets - S,(P)*U Sequence
Cutset Quantification Events/yr
EPD3132-U-F * EPA-TR-IN-LOOP (6.E-5/yr)*(3.4E-4) 2,0€-8 }
EPD3132-U-F * EPA-LATE-LOOP (6,E-5/yr)*(2,5E-4) 1.5€-8 i
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Table 3.3.1 provides a list of zones capable of "causing" each top event
as described above. In Table 3.3.2, for each zone, an explanation is given of
how this zone might cause the top event in question. Note that these
explanations are generally not unique: there may be several ways in which a
given top event could be caused from within a single zone.

For some purposes, it is useful to ask how the results change if a loss
of offsite power is assumed. It turns out that given a LOOP, zone 22 must be
added to Table 3.3.1 for top events D, U,, and U,, because the service water
pumps are vulnerable in this zone and the diesels' failure on loss of service
water will lead to these top events.

3.4 Induced-Humanly Coupled System Interactions

No induced-humanly coupled interactions were identified. This does not
mean that none exists; as discussed in Sections 2 and 4, the search excluded
certain important areas, and the search procedure actually enployed is not
believed to be optimal.

Certain linkages turned up by the search are identified in Appendix D,
but are not considered significant. An operator misled by a single instrument
might, under some conditions, introduce multiple faults, until further reflec-
tion and checking other instruments led to a more accurate understanding of
plant conditions. These linkages have not been presented here even as candi-
date induced-human SIs because, in the context of the cutsets of interest, the
operator is expected not to take those actions or is expected to recover
quickly from those actions,

As discussed in Section 2.4.1, this result should not be taken to imply
that human action does not contribute to sy¢ interactions; this result is
considered to reflect the premises and scof. .his part of the study.

3.5 Regulatory Perspective

Cutsets for each of the top events considered in this study were reviewed
to see whether any of them corresponds to a breach of regulatory require-
ments. Two categories of requirements were considered:
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SRP 8.0
Electrical Power Systems

Specific guidance for this review came from the following passage and was
applied in the consideration of the many single bus tie breakers within the
[P-3 design: “Regarding the interconnections through bus tie breakers, an
acceptable design will provide for two tie breakers connected in series and
physically separated from each other in accordance with the acceptance crite-
ria for separation of safety-related systems . . . ." The above acceptance
criterion was formulated after the licensing of IP-3, but was included in the
modeling, A failure mode causing a single tie breaker to fault two buses
would be extremely significant. However, no single-failure mechanisms were
found that would accomplish this failure mode, and of the double failures
(e.g., bus fault AND spurious breaker operation), none made the probabilistic
cutoff,

SRP 9.2.1
Station Service Water System

The service water system must be capable of withstanding a single active
failure with loss of offsite power and still meet its functional require-
ments.

SRP 9,2,2
Reactor Auxiliary Cooling Water

The component cooling water system must be capable of withstanding a
single active failure with loss of offsite power and still meet its functional
requirements.

SkP 9,3.4 -
Chemical and Volume Control System

The charging and letdown systems must be able to sustain the loss of any
active component and meet the minimum system requirements for plant shutdown
or accident mitigation with or without a loss of offsite power.
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SRP 9.5.1

Fire Protection (Appendix R, 10CFR50)

This review used the fire zones estblished by the [P-3 Fire Hazards Anal-
ysis as applicable to define the spatial zones of the plant. These zones were
considered in light of the criteria of Appendix R, 10CFR50, which require at
least one train of shutdown equipment to be available following an assumed
fire large enough to render incperable all equipment within a given zone.
Appendix R further states that the above criterion is not to be applied in
LOCA (design basis accident) sequences. An alternative criterion states that
it is permissible for both trains necessary for achieving a cold shutdown to
be damaged if repair to one could be made within 72 hourst This criterion was
not considered here, because the focus of the modeled sequences is on early
core damage. Cutsets involving two independent fires were not analyzed
further, nor were any cutsets that included a fire that was not the initiator
of the transient.

SRP 10.4.9
Auxiliary Feedwater System

The guidance of BTP ASB 10-1 was used in reviewing this system. Part 5
of that position deals with high energy line breaks (HELB) within the system
itself. These were treated here as follows. It should be noted that the
model was not developed to explicitly consider piping ruptures. For the LOCA
sequences, HELBs within the auxiliary feedwater system were not considered, as
they are passive failures. For the transient sequences, major piping segments
with failure mode 'A' (NOIF) were assumed equivalent to HELBsS and the cutsets
were reviewed accordingly. In this limited investigation of HELBs, one cutset
was found that violated this regulatory criterion. This is discussed in the
following section.

Results

Table 3.5.1 provides a listing of the functional cutsets, for each
sequence, that penetrate regulatory acceptance criteria. Those cutsets pene-
trating SRP criteria are so labeled; all others are believed to be in
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potential violation oi 1CCFRS50. The spatial analysis identified a number of
candidate fi-~e zones that could theoretically, of themselves, fail a given
system or sequence. As these culsets are only products of a screening anal-
ysis, they are cited but not quantified here. See Section 2.3 for further
discussion,

Two cutsets of LPI were significant: EPD12 (battery 32) and EPD02-02 (dc
bus 32). These two cutsets have the same effect, although their probability
of occurrence is quite different. This particular failure mode is discussed
in detail in Section 3.2. Upon verification of this finding, the utility
immediately effected a design change.

The single cutset for AFWS (transient) reflects the acceptance criteria
of SRP 10.4.9 BTP ASB10-1. The first element (AF011-A-INT) is considered to
be equivalent to an HELB in the steam supply line to the turbine driver of AFW
pump 32. This event should cause a transient, and the SRP requires that AFWS
be capable of withstanding a single failure and still meet functional require-
ments. The second element (EPD02-02) represents a loss of dc bus 32, AFOll-
A-INT fails the turbine-driven pump 32 and causes a transient, EPD02-02 pre-
vents the starting of pump 33 on bus 6A and fails fast transfer of bus 3 which
leaves bus 3A deenergized and thus fails pump 3l.

For the sequence T*L, six basic groups of events have been identified.
Group 1 consists of EPD3132-U (failure of dc buses 31 and 32 via their single
tie breaker) and TR-IN-LOOP (transien’.-induced loss of offsite power). Loss
of the two dc buses initiates a transient and prevents the starting of diesels
32 and 33, This would still leave diesel 3 powering AFW pump 31 on bus 3A,
but the model requires at least two nuclear SW pumps to support even one
diesel; therefore, the third pump is assumed to be lost in a relatively short
time,

T*L Group 2 consists of F22 (fire in the SW pump zone which fails SW
pumps 31, 32, 33, 34, 35, and 36), EPDO1-02 (loss of dc bus 31), and TR-IN-
LOOP, F22 initiates the transient; per the model (given LOOP), lack of
service water fails the diesels, which fails AFW pumps 31 and 33. EPDO1-02 is
the dc bus which feeds inverter 31 which in turn feeds instrument bus 31. The
turbine controls for pump 32 require instrument bus 31.
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T*L group 3 consists of a common initiator and four single failures.
EPDO2-02 (dc Bus 32) deprives AFW pump 33 of control power and fails fast
transfer of bus 3, leaving AFW pump 31 without motive power. The four single
failures all relate to failure of the turbine pump. EPI21-15 is failure of
Inverter 31, EPI21-02 is failure of instrument bus 31. AFOll-A-H is failure
of the operator to regulate the turbine pump, and AFOl1-A-INT is failure of
the turbine pump or its steam supply.

T*L group 4 provides two sets of elements in conjunction with TR-IN-
LOOP. The first set of elements all have the effect of failing service water
and initiating a transient. Because of SW failure, the diesels will ulti-
mately fail and AFW pumps 31 and 33 will be lost. The second set all have the
effect of failing the turbine pump. EPDI1 is battery 31 and its failure con-
tribution arises because the normal (ac) feed to dc bus 31 is shed upon bus 5A
undervoltage (LOOP) and this deenergizes Instrument bus 31. The other ele-
ments have already been discussed above.

T*L group 5 consists of EPD02-02, EPD11, and TR-IN-LOOP, EPD02-02 initi-
ates the transient and fails control power for bus 6A. In this case, AFW pump
33 and NSW pump 36 are not available., EPDI1, as discussed above, is the only
power source for dc bus 31 (given LOOP), and for this cutset it represents the
loss of an NSW pump and of AFW pump 32 turbine control. This leaves AFW pump
31 being powered by diesel 31, which will shortly fail because only one ser-
vice water pump will be available and the plant as modeled requires two.

T*L group 6 consists of EPDO1-02, a set of single failures and TR-IN-
LOOP. EPDO1-02 initiates a transient, prevents the sequencing of an NSW pump ,
and fails AFW pump 32 turbine control. The single-failure elements all lead
to failure of a second NSW pump and thus leave the remaining motor-driven AFW
pump on a diesel which will shortly fail for lack of cooling, SE-52-EG2-INT
Is failure to connect diesel 32 to bus 6A (loss of AFW pump 33 and NSW pump
36). SE-52-EGL-INT is failure to connect diesel 31 to buses 2A and 3A (loss
of AFW pump 31 and NSW 34), EPA16-S is failure of automatic bus tie breaker
2AT3A which leaves bus 3A deenergized (loss of NSW pump 35 and AFW pump 31).
EPA12-INT is failure of diesel 32 and EPAO8-INT is failure of diesel 31; their
respective consequences are the same as outlined above for buses 6A and 2A/
3A. EPDI3 and EPD1Z are failure of batteries 33 and 32, respectively; again
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their respective consequences are the same as outlined above for Buses 2A/3A
and 6A as they prevent energization and loading of the bus.

References for Section 3

1. See Reference 2, Section 1.
2. See Reference 1, Section 1.

3. Code of Federal Regulations, Title 10, Part 50, Domestic Licensing of
Production and Utilization Facilties, 1984.

4. NUREG 0800, Standard Review Plan for the Review of Safety Analysis Reports
for Nuclear Power Plants, LWR Edition, July 1981,



Table 3.5.1 Cutsets Penetrating Regulatory Criteria

D (LPI Failure)
1. EPD12
2. EPD02-02
[ 3. See Table 3.3.1 for description of single fire zones.

l Uy (HPI-Medium LOCA)
; 1. See Table 3.3.1 for description of single fire zones.

Up (HPI-Small LOCA)
1. See Table 3.3.1 for description of single fire zones.

L (AFWS; oca) failure given LOCA)
None

L (AFWS(TR) failure given transient)
1. AFOL1-A-INT(HELB) * EPD02-02 (SRP 10.4.9)
2. See Table 3.3.1 for description of single fire zones.

T * L (Transient and failure of auxiliary feedwater)

Transient Initiator Single Active Failure

i 1. EPD3I32-U  * . * TR-IN-LOOP
& 2. F22 . EPD02-02 * TR-IN-LOOP
& EPI21-15
| EP121-02
| 3. EPDO2-02  * AFO11-A-H
| AFO11-A-INT
= 1. F22 ¢ EPDIL
| SWAO6 EP121-15 §xnv¢rter)
SWNG-A-INT | * | EPI21-02 (I Bus 31) * TR=IN-LOOP
; SWN6-A-INT AFO11-A-H
| SWN7-9-INT AFOL1-A-INT
| 5, EPDO2-02 EPD11 *  TR-IN-LOOP
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4, COMMENTS AND CONCLUSIONS

4,1 General Comments

On the basis of experience gained in this project and in other projects,
comments and insights are offered on the method described in Section 2.
Two general categories of comments are offered below which bear on the success
of this project. In following subsections, comments are offered separately on
the functional, spatial, and induced-human phases of the project. Finally,
some overall conclusions are provided.

4.1.1 Particular Strengths of the Present Approach

Scrutability and completeness of the modeling done here were materially
enhanced by the following:

1. Explicit conditioning of mitigatino system status/failure modes on
the character of the initiating event (e.g., shedding of MCCs on an
SI signal).

2. Explicit conditioning of system/component failure modes on plant
conditions (e.g., the availability of onsite power to bus 3A being
affected by the availability of offsite power to bus 2A).

3. Explicit linking of all support system fault trees with frontline
system fault trees,

4, Working with primary sources of information (e.g., plant drawings as
opposed to other studies), and understanding the operation of the
system,

4,1.2 where to Stop Modeling

The burden of this study is to identify the intersystem/intrasystem de-
pendences, in order to ascertain whether the redundancy or independence of the
giver systems is compromised. Accordingly, for this study, it was decided to
logically link all required support systems to frontline systems, in order to
obtain accident sequence cutsets entirely in terms of basic events. (Certain
systems related to environment, such as HVAC, require special consideration,
because their failure does not immediately fail other systems.) For detailed
fault trees corresponding to the end product of a PRA, this might be extremely
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challenging, depending on the computer code being used. Here, because the
trees are not overburdened with detail and because the main interest is in
low-order cutsets, it is perfectly feasible. Moreover, as it turns out, it is
extremely desirable: for example, the finding of one single active failure
(battery 32 in LPI) emerged as a direct resuit of this systematic process.
Neglecting the failure modes of fast transfer following a LOCA would have
hidden this failure mode.

The previous obscurity of this failure mode, together with the method of
its eventual detection, shows that it is necessary to explicitly model and
Tink all direct functional support systems, unless these are sufficiently
self-contained to be regarded as featureless black boxes. This is a simple
matter of completeness. Once the cutsets have been reviewed, and the qualita-
tive implications of the basic model are fully grasped, quantification can
proceed expeditiously.

4,2 Comments on Functional Phase

4,2.1 Use of the SETS Code

It was decided to use the computer code SETS! to analyze the fault
trees developed in this project. SETS is a flexible and powerful tool for use
in fault tree analysis. Other codes exist, of course, and several might have
been perfectly reasonable choices. Some of these enjoy th: reputation of
being easier to use than SETS., However, the generality of SETS is such that
any logically definable transformation that is likely to be of interest can be
implemented within SETS (possibly at some human expense), while some other
codes appear to gain their relative user friendliness by sacrificing some gen-
erality, This comment is not offered as an established insight; the point is
simply that SETS appeared to be the least inherently constraining choice. Ul-
timately, it may be found that the incapacities of some easier-to-use code
manifest themselves only in areas which are useless anyhow; but at the outset
of this study, this was a judgment that the team was unwilling to make,

Other factors weighing in favor of SETs:

+ SETS was already up and running at BNL (9/82 versions).
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« SETS works in conjunction with a fault tree drawing code. The impor-
tance of automated fault tree drawing should be emphasized. Among the
many benefits derived from use of this combination is that the tree
drawn by the code is derived from the SETS input, and therefore corre-
sponds to the tree SETS is actually analyzing, whether or not this is
the tree that the user thought SETS was analyzing.

4.2.2 Level of Detail

It was decided initially to develop system fault trees to the “segment"
(or supercomponent) level 2 A segment 1s essentially a portion of the
system consisting of one or more components in series. Defining segments is a
standard way to go about constructing a fault tree. In a normal PRA, the
fault tree would show, for each segment, all support system faults leading to
fatlures of components within the segment, all pertinent failure modes of all
components within the segment, and probably a number of different maintenance
errors, In the functional phase of this study, support faults are included as
above, but details of failures internal to a given segment are collapsed into
a single event, The purpose of this, of course, is to prevent a pointless ex-
plosion of the number of cutsets produced by the model, If segment A has 50
internal failure events, and seyment B has 20, then segment A * segment B has
1000, In later phases of the study, it is appropriate to transform the events
“segment A" and "segment B" to display some of this structure, in order to see
whether there are interactions (e.g., spatially coupled) between the two, but
in the functional! phase this is logically unnecessary and basically undesir-
able,

Earlier plans were to develop insights about the systems and sequences
first at the system level, then at the train level, and only then at the
segment level, This approach is probably desirable for one or two analysts
developing their own understanding of the plant, but for a sizable team the
coordination required (e.g., in assembling such high-level information and
then pausing to admire the view before proceeding to the segment level) was
more trouble than it was worth, Formally, skipping these steps runs the risk
of not finding a functional SI as early in the study as is theoretically
possible, but the likelihood of this is believed to be small and the conse-
quences are not great,
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4.2.3 Logic Loops

The occurrence of logic loops in complex fault trees is a well understood
problem. For example, diesel generators generally depend on service water
after their first few minutes of operation, while the service water pumps
depend on the diesels immediately after a loss of offsite power. Blindly
modeling the diesels' dependence on service water and service water's depen-
dence on diesels creates a loop. In a sense, this can be viewed as an arti-
fact o1 the neglect of time dependence in the construction of the loop. Some
approaches to the problem are based on recognizing this time dependence, [t
is typical to speak of "breaking" logic loops, and to treat such problems as
having short-term logic and long-term logic.?

In the present study, however, a somewhat different approach is taken,
Consider the failure of power at a 480-V ac bus which supports an essential
service water pump, Conceptually, one separates out those bus failure events
which do not depend on service water, and feeds this subset into the tree for
failure of service water, Thus, the tree for failure of service water will
include local faults of the diesel, but not failure of service water to the
diesel, Similarly, service water failures other than diesel failures are
separated out, and fed into the tree for diesel failure.

In this approach, partial replicas of certain subtrees appear in more
than one place. But while this increases the number of gates, it does not in-
crease the number of primary events, and it allows the primary event defini-
tions (internal diesel fault, etc.) to retain their general time-independent
intuitively clear significance, while still providing an exhaustive set of
cutsets for "failure of service water” and "failure of diesel generator out-
put” within a single globa! fault tree.

Detatls of this approach must, of course, depend on the system to be
mode]ed,
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4.2.4 Obtaining Minimal Cutsets From the Fault Trees

4,2,4,1 Size of the Problem

The prescription outlined above (proceeding to the segment level, showing
all support faults and a single "internal" fault for each segment) led to a
substantial amount of fault tree development. Along the way, consideratle en-
ergy was spent 1in preventing unnecessary development of detail within
segments. Even so, as dependences are followed from one system down into an-
other and then into yet another, the number of cutsets grows explosively.

A feature of SETS which proved particularly useful here is its ability to
gather events into "independent subtrees," which are essentially portions of
the fault tree which can (at least temporarily) be treated as diamond events.
This feature is capable of compensating for certain possible lapses '~ »nalyst
discipline which might otherwise have resulted in overdevelopment of some
events (f.e., inclusion of detail that does not shed light on dependences ).

4,2,4,2 Truncation

As support faults are developed and resolved into lower level support
faults, the number of cutsets can easily become unmanageable, and it s Aiffi-
cult to avoid truncation while working at the segment level (let alone the
component level),

There 1s more than one type of truncation, One type involves assigning
probabilities to basic events and discarding cutsets whose probabilities are
less than some cutoff, As truncation methods go, this has a good deal to rec-
ommend 1t., For present purposes, one is interested in discarding cutsets
which are unlikely to bear fruit in a search for spatial or induced-human in-
teractions, and while any truncation method 1s capable of throwing away a cut-
set that should be searched, probabilistic truncation is less arbitrary than
truncation on number of basic events in the cutset carried out without regard
to their probability., Probabilistic truncation keeps apparently likely cut-
sets even 1f they are high order, while rejecting presumptively unlikely ones;
truncation on cutset order does not distinguish multiple pipe ruptures from
multiple diesel failures. In spite of this, in the early phases of this pro-
Jject, truncation on cutset order s essentially written into the statement
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of work, Clearly, however, fundamental questions remain about the desirabil-
ity of basing a cutset search on a body of cutsets derived using truncation on
cutset order, This issue is intimately connected with that raised in the next
subsection, which has to do with the effect of modeling assumptions,

Initially, the goal in this project was to obtain cutsets out to fourth
order (which seemed to be a substantial but not prohibitive undertaking), and
search them for interactions which would reduce them to first or second
order, Early in the project, cutsets were actually obtained to fourth order
for all top events except those involving RCP seal LOCA (which were carried
out to third order). This operation confirmed the "substantial-but-not-pro-
hibitive" assessment, for the case of fully linked frontline and nonenviron-
mental support systems, Because it was a substantial effort, the need to do
it again when the fault trees were completed was examined carefully. Reasons
for doing it again ranged from administrative (simply to deliver cutsets to
some specified order) to technical (a serious intention of searching the cut-
sets). NRC called for second-order cutsets, which turns out to be a usefully
revealing level of development, That is, for an ostensibly three-train sys-
tem, 4 three-element cutset does not correspond to an SI, but a two-element
cutset may do so. For reasons specific to this project, which are discussed
elsewhere in this section, higher-order cutsets were not Sought, and cutsets
were therefore developed only out to second order, with certain special events
not counting in the length of the cutset.

4,2,4,3 Modeling Assumptions

It 1s part of the essence of an S| study that unexpected and obscure con-
nections are sought., With this in mind, one may be inclined to make one's
models as “complete" as possible. This may suggest, for example, modeling
failures of heat tracing used on a suction line. However, this may involve
thousands of cutsets, which, plugged into another system fault tree at a low
level, mey give rise to an astronomical number of cutsets for that system,
(If it 1s not clear why heat tracing would do this, consider that electric
heat tracing calls power, which calls diesels, which calls service water,
which calls dc . . . .) If heat tracing fatlure is arguably important, then
well and good, but in some cases it will not be, and in order to proceed, one

needs to fall back on either probabilistic truncation or a convincing physical
arqument,
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Apart from the difficulties of dealing with astronomical numbers of cut-
sets, there is the more fundamental problem that a hard-won list of cutsets
can easily be dominated (in terms of numbers of cutsets) by cutsets which are
inherently implausible, Thus, cutset searching schemes which weigh all cut-
sets alike will tend to allocate effort to areas which happen to have large
numbers of cutsets, without regard to their probability; and from the above
discussion, it should be clear that "conservative" modeling assumptions can be
crippling under these circumstances.

4,2.5 Fault Trees Used in Multiple Contexts

An essential feature of this project is that a fault tree has been de-
veloped for the transient-initiating event itself. The point of doing this is
to shed light on failures which link initiating events to unavailability of
mitigating systems, Failures in the electric power system are obvious exam-
ples of such events.

A certain complexity can result from this approach, however, as different
transients impose different demands on systems. For many reasons, the failure
logic changes appreciably, depending on whether a safety injection signa! is
present, or whether offsite power is available. The present study differs
from some of its pre fecessors in that an attempt has been made to handle this
complexity in a few lirge fault trees, within which certain events are toggled
by the analyst to handle different cases. This does not differ conceptually
from simply running many different trees for different cases, which is closer
to the usual practice; it means simply that the task of assuring accuracy and
completeness is carried out on a single complex tree, rather than piecemeal on
multiple trees which are individually simple. At this point, it seems that
while the large-single-tree approach s taxing to review, it forces the
analysts to confront completeness in a single list of cutsets, rather than
allowing a multiplicity of more nerrowly defined cases to obscure the absence
of an important one,

A further side effect of this approach leads to seeming conservatism in
some cases, For example, if a safety inje tion signal is present, certain
loads are shed from emergency buses, among them conventional service water,
This leaves component cooling without a heat sink. This, in turn, conserva-
tively applying binary logic, leads to an RCP seal LOCA, In brief, a spurfous
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SI seems to lead to an RCP seal LOCA. In some cont:xts, it is presumably
appropriate to model loss of service water as leading to failure of CCW; in
others, it is not (at least, in the present case, not immediate failure of
CCW). The approach adopted here thus highlights failure modes which closer
inspection may rule out. In tnis sense, all cutsets given here are strictly
provisional, and all primary events are to be regarded as having rather
general meaning.

4,3 Comment on the Spatial Phase

4.3.1 Infcrmation Gathering

Previous descriptions of the method being surveyed here imply an emphasis
on searching functional cutsets for spatial intracutset coupling. In the
actual analysis, however, a different emphasis emerges. Cutset searching is
one approach, but information about parts of the plant which are not already
in the cutsets must be brought in, A zone may contain only one component
which appears in a frontline system fault tree or any of its support system
fault trees; but if, in addition, the zone contains components which can cause
transients, this needs to be known., Therefore, even before the cutsets are
confronted, a list of zones containing all modeled components should be gener-
ated, and 1t is logically necessary to know all the components in these zones.

In this project, the Fire Hazards Analysis and certain plant arranj;ement
drawings were primary information sources. This means that only major compo-
nents and selected power cables could readily be located. The information
presented here must therefore be considered an example of how to proceed. [t
is doubtful that our inventory of any zone's contents is complete, and these
results are theref.ro partial, Onsite inspection 1is necessary before faith
can be justified in results of this type,

4,3.2 Screening Analysis

Given a set of zones, components located therein, and susceptibilities, a
simplified mode! can readily be generated which corresponds logically to
further development of the events in the fault tree, It is feasible to pro-
vide cutsets 1in which only an explicitly delineated part of a zone |s
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destroyed (by a fire, say), and other failures occur for other reasons. This
should be the goal of the analysis; it becomes especially imortant when the
individual 2zones are large. However, distinctions of this type begin to
require physical analysis, which was not performed in this study.

4.4 Comment on Search for Induced Human Interactions

Discussion of this part of the project is probably best carried out in
Tight of a specific example. Suppose that there is a cutset for accident se-
quence T*L (transient and failure of auxiliary feedwater) which contains an
instrument bus fault and failure of certain AFW flowpaths to the steam genera-
tors, along with other events as well. As developed under the present method,
this cutset would reflect functional dependences and perhaps spatial coupling,
and the idea now is *0o see whether one event in the cutset can cause any of
the others by causing the operator to do something, If so, then the causative
event logically implies the others, and the true minimal cutset i. correspond-
ingiy shorter, Suppose, further, that the instrument bus fault causes certain
fnstrumeits to fail in a misleading way, causing the operator by sor= written
procedure to close the AFW flowpaths in the cutset which prevents flow. Then
one element of the cutset will have induced the operator to cause others,
This 1s an "induced-human SI1." Actually, whether this would be classed as an
S1 under the ground rules given here would depend on how many events the cut-
set ended up with (see Section 3). If this intersction shortened a 7th-order
cutset to a Sth-order cutset, it would not count as an SI, If it shortens a
dth-order cutset to a 2nd-order cutset, it counts as an SI. The essential
qualitative point is the shortening of cutsets., This part of the project was
intended to search for such couplings,

The Original Plan

Ideally, one would construct a data base that contained an explicit index
of all acts mentioned in writter procedures, reflecting the cues that stimu-
late each act., The data base would be used in the following way. Given the
cutset in the example outlined above, one could call for a 1isting of all sro-
cedural acts which have the effect of throttling the indicated flowpath , and
a 1isting of all actfons taken after the instrument bus fault, This informa-
tion, placed in the context of the specific cutset under scrutiny, should lead
to fdentification of the coupling,
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The data base was to have been constituted from information contained in
1P.3 procedures and information contained in the INPO Reactor Operator Task
Analysis Data Base. This INPO data base was developed to identify the train-
ing needs of react.r operators by first determining the tasks performed by
these personnel and then analyzing the cue conditions, standards of perfor-
mance, and skills/knowledge associated with these tasks., This data base is
resident on the INPO computer and is accessed by member utilities through a
telephone network, It is organized in such a way that data can be sorted in
support of a variety of user needs.

The Actual Implementation

The actua) implementation differed from the above in two essential re-
spects., First, BNL was not given access to the INPO data base. (While NRC
has authorization to use the data bYase for purposes related to training, the
present application was not corsiacred to fall within the scope of that
authorization.) This meant that generating a list of causes for flowpath
throttling was done essentially by individuals with operator experience and
knowledge of [P-3, who reviewed IP-3 procedures and related information.
Second, each primary event in the cutsets w<as considered individually, not in
the context of any particular scenarios in which it appeared, and this tended
to deprive the search of what should have been a useful focus. For example,
returning again to the example given above, considering the event "AFW
flowpath blockage” in isolation s less convergent than considering "AFW
flowpath blockage" AND “instrument bus fault."

T™_ lack of access to the INPO < ta base influenced the decision to
search primary events rather than cutsets. This decisfon was also irfuenced
by the following considerations. First, the list of primary events is sub-
stantially complete (never really complete) at a fairly early stage of the
project, certainly before the trees have been debugged and the cutsets ob-
tatned at a useful level of correctness., Second, it had been hoped to obtain
cutsets out to fourth order or so, and to establish priorities for the search
fur interactiont between pairs (triple, etc.) of events by computing an impor-
tance measure defined on pairs (triples, et .) of events (1.e., how many times
the pair/triple appeared in the cutsets), in order to focus the search on the
most important (prevalent) pairs (triples, etc). However, after erxamination



69

of the preliminary round of fourth-order cutsets, it was felt that no reason-
able importance measure could be defined without invoking probabilities. The
number of cutsets containing a particular pair tends to be an artifact of
otherwise relatively unimportant modeling assumptions. At the time, a commit-
ment had been made to proceed without explicit regard to probabilities until
the findings were quantified; a mour=ation of this commitment appears to offer
considerable advantages.

The problems ment,.ned up to now reflect on the basic approach. One sig-
nificant problem arose directly in connection with the content of the func-
tional model, The example given at the beginning of this comment clearly il-
lustrates that instrumentation-related failures are expected to dominate the
fiela of induced-human coupling. Ideally, then, one wants to relate basic
events in functional cutsets to instrumentation failures, Unfortunately, this
is less straightforward than it might be, In practice, instrumentation fail-
ures are reflected in functional cutsets only if they happen to contribute to
an actuation failure or perhaps an automatic control failure, so some hard
work (and a good deal more information than wac made available) is necessary
fn order to explicitly relate a power failure to pertinent instrumentation,
Note that the PRA 4id not conduct much analysis at the lrw-voltage level, and
was not any help in this area. |In fact, there are instrument buses indicated
on recent wiring diagrams which are not reflected in the System Descriptions.
We believe that these are recent modifications.

Summary
« The functional model does not automatically contain instrumentation
failure modes of the type that could straightforwardly be interpreted
in the review for induced-human SIs. A systematic approach to relat-
fng functional failure modes to instrument malfunctions is essential,

« This portion of the analysis has information needs whicn apparently go
beyond those of traditional PRA; instruments which do not directly
fail systems tend not to show up in PRA fault trees. Instruments
which mislead operators, not control circuits, are the objects of
study here,



R R R R RO IR

70

. This portion of the study should consider entire cutsets rather than
individual events,

« Because a high percentage of precursors to potentially severe acci-
dents involve human error,3 broadening the scope of future analyses
to treat the operators as humans rather than machines is recommended.
Maintenance errors should also be included.

+ The ability to search a data base in the manner indicated should prove
to be a considerable strength, if the data base actually spans the set
of procedure-based operator acts. and relates cues to responses,

4.5 Conclusions

The approach used here has proved successful in finding significant in-
teractions which were previously missed, [mportant aspects of this approach
deserve consideration as guidance feveloped by NRC for performance of fu-
ture studies of this type. Summari d below are a few important highlights of
this project, which were fully develoyed in Sections 3 and 4,

Major Findings

Unavailability on demand of battery 32 leads directly to failure of low
pressure injection in large and medium LOCA sequences, and contributes to
fatlure of other systems in other accident sequences as well (e.qg., loss of
both motor-driven auxiliary feedwater trains)., This particular finding moti-
vated the licensee to implement an immediate modification of the plant,

Table 3.5.1 1ists cutsets which, taken at face value, appear to violate
the plant's iicensing basis. At this writing, the status of these other find-
ings, with regard to the process of NRC/1icensee review, 1s unknown,

Lessons Learned

The process of achieving qualitative insfght into the systems' faflure
modes 1s greatly assisted by the following:

. Development of accident sequence cutsets by linking fully developed
support system fault trees to frontline system fault trees.
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Explicit conditioning of events on the character of the initiator;
explicit display of the initiating event in sequence cutsets, explicit
display of the presence or absence of a safety injection signal,
availability or otherwise of offsite power, etc.

Searching large numbers of cutsets for interactions would probably
benefit from a priority setting scheme employing screening probabili-
ties for certain basic events.

Once identified, an SI is usually easy enough to understand; the major
task of an SI study is to manage a large amount of information in such
a way as to identify the system interactions as efficiently as possi-
ble. Two comments are offered here regarding the use of computers in
this area. It is particularly interesting in this case that the bat-
tery 32 failure mode of LPl was actually found by computer; that is,
the computer output came as a surprise to the analysts who had pre-
pared the fault trees which were linked to produce the finding., The
first comment, accordingly, is that an apparently crucial gain in
efficiency was achieved by having a machine systematically consider
combinations of failures which had previously gone unscrutinized by
humans working without the benfit of linked fault tree models. The
second comment 1s that the use of a computer was not in itseif partic-
ularly expensive 1in this project. Of course, analysis of large
Boolean expressions in the course of full-PRA quantitative accident
sequence analysis can seem expensive, but computer costs will general-
ly correspond to a modest fraction of the effort expended in getting
the information together., Additionally, if high-order terms are not
pursued for whatever reason, the cost of obtaining only low-order
terms 15 relatively nominal, The proper perspective seems to be that
computer costs are a) part of the information management problem, b)
not necessarily a substantial fraction of the project cost, and c) a
bargain, in our experience,
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APPENDIX A
SYSTEM MODELS

A.0 INTRODUCTION

The following descriptions are of fault trees developed in this project.
Most correspond to frontline or support systems; the two exceptions are the
"Sequencer" tree, which contains most of the logic trea.ing control of pump
breakers, and the Transient Initiator tree, which is essentially an "OR" gate
top event with inputs from various other trees.

System descriptions are accompanied by figures showing how the systems
were broken down into segments. In most cases, primary fault tree events are
named with these segment identifiers.

Plots of the following fault trees can be found in a jacket at the end of
this report. Each fault tree is plotted on a separate microfiche, and there-
fore, need not be placed in any specific order within the jacket. Each fault
tree microfiche carries the name FITZPATRICK in the heading.

Auxiliary Feedwater

Main Feedwater

HPI Medium LOCA

HP1 Small LOCA

LPI (Low Pressure Injection)
RCP Seal LOCA

Pressurizer

CCW (Component Cooling Water)
CST (Condensate Storage Tank)
Loss of Charging

Loss of Letdown

Electrical Power

Heat Tracing

Instrument Air

RWST (Refueling Water Storage Tank)
Station Air

Sequencer Part 1

Sequencer Part 2

SIAS (Safety Injection Actuation System)
Service Water

Transient
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A.1.  AUXILIARY FEEDWATER

A.1.1 Introduction

The auxiliary feedwater (AFW) system serves to remove decay heat by sup-
plying water to the steam generators in the course of mitigating transien:s or
small LOCAs., Additionally, it serves along with the main feedwater system in
startup or shutdown operations, or during hot standby.

The AFw system includes two electric-motor-driven AFW pumps and one
steam-turbine-driven AFW pump. Ordinarily, these take suction from the
condensate storage tank (CST), but the city water storage tank is also
available as a backup source. Each of the motor-driven pumps normally
supplies two of the four steam generators, while the steam-turbine pump
supplies all four,

Air to all AFWS ADVs (city water suction PCVs, AFW pump discharger FCVs,
and atmospheric S/G relief dump valves) is backed up by an independent nitro-
gen supply system, The PCV 1139 AOV (AFWS turbine-driven AFW pump turbine-
steam inlet governor valve) is not backed by the nitrogen system, but has its
own control air supply.

A.1.2 Top Events

For this SI study, only one top event is of interest for this system:
failure to remove decay heat through the steam generators. Scenarios in this
study for which AFW 15 required are small LOCAs and transients.

A.1.3 Success Criteria

For all transients and for small LOCA, AFW mission success requires at
least one auxiliary feedwater pump feeding to two steam generators. This
corresponds to at least 200 gpm to each of at least two steam generators. AFW
flow must be inftiated within 30 minutes of the trip.

At least one means must be available for removing steam from the SGs.
Either the atmospheric steam generator dump valves or the steam generator
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Table A.1 Electric Power Dependences for AFWS

Bus Event Name

SG31 ADV PCV1134 Inst Bus 33 EPI23-01
S$G32 ADV PCV1135 Inst Bus 34 EPI24-01
SG33 ADV PCV1136 Inst Bus 34 EP[24-01
SG34 ADV PCV1137 Inst Bus 33 EP123-01
AOV CW to AFW Pump 31 Inst Bus 33 EPI23-01
AOV CW to AFW Pump 32 Inst Bus 31 EPI21-01
AOV CW to AFW Pump 33 Inst Bus 32 EP[22-01
Pump 31
480-Volt Motive Power Bus 3A EPA14-T
Dc Control Power Dc Bus 33 EPD03-01
Runout Protection Ext

(FCV 406A & FCV 4068B) Inst Bus 33 EPI23-01
Pump 33
480-Volt Motive Power Bus 6A EPAL1l-T
Dc Control Power Dc Bus 32 EPD02-01
Runout Protection Ext

(FCv 406C & FCV 406D) Inst Bus 32 EPI22-01
Pump 32
Control Power HC1118 Inst Bus 31 EPI21-01
EHT HTG320-T*

*Heat tracing related failure of Pump 32 suction line requires
low ambient temp, no flow in line 1080, and loss of power to EHT
FP-DP 32 from MCC 35 (EPA28-T)
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A.2. MAIN FEEDWATER

A.2.1 Introduction

This section briefly discusses the main feedwater system (MFW). It is
not usual for this system tc be discussed in any detail in studies of this
type, and its role in the present study needs some clarification.

Among the reasons the MFW might appropriately be studied are the fellow-
ing:

1. Some PRAs take credit for use of the MFW system to remove decay
heat.

2. Since loss of MFW initiates a plant transient, any significant
linkage (interaction) between MFW and AFW might connect a challenge
to the AFW system with some degradation of its performance.

Accordingly, at an early stage of the study, it was intended to study the
MFW system with the goal of exploring both of items 1 and 2 above.

However, information available tu us indicates that it is difficult, at
best, to use the MFW system immediately after a trip. In fact, procedures
call for a manual trip of MFW after a reactor, turbine or generacvor trip, and
in any case, certain automatic actions following a reactor trip will lead to a
MFW trip. Moreover, while the MFW system at [P-3 is being upgraded to permit
practical operation at low flow, this modification was not in place when the
present anlaysis was performed. Analyzing abnormal scenarios (such as MFW
operation after a total AFW failure) for the sake of realism is well beyond
the scope of the present study, which is intended to shed light on existing
and prospective regulatory practice, rather than on beyond-design-basis recov-
eries. Consideration of MFW in this study was therefore limited to its possi-
ble correlation with AFW failures. Correspondingly, development of the MFW
fault tree was undertaken for the purpose of highlighting support system
faults which would affect AFW operation as well.

A fault tree was developed for the MFW system and included as part of tie
transient initiator fault tree.
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A.3.  HIGH PRESSURE INJECTION

A.3.1 Introduction

The high pressure injection (HPI) system provides water to the RCS in the
event of a loss-of-coolant accident (LOCA) or other depressurization events.
In this study, two scenarios calling for HPI are considered; small LOCA and
medium LOCA. Only the injection phase is considered.

The HPl system includes three centrifugal electric-motor-driven pumps.
These take suction from the RWST and inject into the cold legs of the RCS.
One of the two paths from the pumps to the cold legs passes through the boron
injection tank. The boron itself does not play a mitigating role in the sce-
narios considered, but the flow path is, of course, necessary. This path must
be kept heated or the highly concentrated boric acid will crystallize, block-
ing the flowpath.

A.3.2 Top Events

The top events considered are failure to supply sufficient HPI flow for
each LOCA scenario considered.

A.3.3 Success Criteria

These criteria are based on the IPPSS analysis.

Small LOCA - at least one out of three high pressure safety injection
pumps capable of feeding at least one out of eight RCS cold leg injection
paths,

Medium LOCA - at least two out of three high pressure safety injection
pumps capable of feeding at Teast two out of four RCS cold leg injection paths
in each safety injection sy tem discharge header.

A.3.4 Assumptions

1. It was conservatively assumed that the break incapacitates one cold
leg.
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A.4. LOW PRESSURE INJECTION

A.4.1 Intrceduction

The low pressure injection (LPI) system is designed to inject water into
the core following a large or medium LOCA. The LPI system also performs other
functions, but is analyzed here for the injection phase of large or medium
LOCA scenarios.

The system includes two pumps, each capable of delivering 3000 gpm when
primary pressure is 150 psig. During the injection phase, the pumps take suc-
tion from the RWST, and inject through four cold leg injection paths. Opera-
tion of this system during the injection phase is, of course, required to ue
completely automatic.

A.4.2 Pertinent Top Event

There is only one pertinent top event: failure to inject, following a
large or medium LOCA.

A.4.3 Mission Success Reguiremert

At least one of the two LPI pumps must inject through two cold leg paths
(it being assumed that the break incapacitates one of the four existing cold
leg injection paths). This is based on the IPPSS analysis.

A.4.4 Assumptions
The following failure modes were considered:

1. Insufficient Flow (failure mode A)
This failure mode includes plugging of pipe segments and valves,
valves failing closed, and pump failures.

2. Flow Diversion (failure mode E)
The following flow diversion paths were considered:

., Flow diversion to the containment sump, given failure of MOV-885A
and MOV-885B in the open position (event LPO15-E1 and LPO15-E2).



Flow diversion to the containment sprays (flow path used in the
containment spray recirculation mode), given failure of MOV-889-A
or MOV-889-B in the open position (LPO14A-E and LPO14R-E in the
fault tree). It was assumed that:

a) With one LPI pump operating, and MOV-889A or MOV-8898 failed
open, sufficient flow is diverted to the containment spray to
cause failure of LPI.

b) With both pumps and both heat exchangers providing normal
flow, opening MOV-889A and/or MOV-889B will not divert suf-
ficient flow to cause failure of LPI.

c) With both pumps and one heat exchanger providing normal flow,
opening MOV-889A or MOV-889B will divert sufficient flow to
containment spray that LPI will fail. This assumption is
based on the design flow rate (3000 gpm) of the heat exchang-

er.

Flow diversion back to the suction (upstream of MOV-882), given
failure of MOV-863 and BV-1863 in the open position (events LP003-
El and LP-003-B2 in the fault tree).

Note: The inclusion of these flow diversion paths as failure modes

of the LPI is considered very conservative and may, in fact,
be wrong.

The following flow diversion paths were not considered:

.

Flow diversion to the suction of the HPI pumps, given failure of
MOV-888A or MOV-8888B in the open position. This flow diversion
was not considered because part of this diverted water would be
injected into the cold legs through the HPI pumps. However, if
Cv-847 is also failed (reverse leakage), a portion of this
diverted flow would go back to the RWST and to the LPI pumps '
suction.
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« Flow diversion to the recirculation sump, given a failure of
MOV-1802A or MOV-18028 in the open position AND (reverse flow
through CV-886-A and recirculation pump 31 OR reverse flow through
CV-886B and recirculation pump 32).

Loss of Minimum Flow Protection

It was assumed that if the minimum flow line is blocked the LPI pumps
will fail., For a range of break sizes, {he LPI pumps will not inject
for some time until RCS pressure is below shutoff head; it is assumed
here that there is a significant probability that this delay (between
actuation and actual injection) is sufficient to fail the pumps.

Failures of the following support systems were included:
« 480-V ac power to the pumps.

« Dc control power to the pumps.

« SI actuation signal.

following failure modes were not considered:

Reverse flow (failure mode C)

The only path for reverse flow would require failure of LPI pump 31
(32) and failure (reverse flow through) CV-738A (CV-738B), it is not
clear that even this combination would degrade the flow sufficiently
to fail LPI.

Rupture (failure mode D)

Human Actions
Operator actions were not considered in the fault tree. Maintenance
errors, including misalignment, were not included.
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Figure A.4.1 Indian Point 3 low pressure injection system
simplified piping and instrumentation diagram.
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A.5. RCP SEALS

A.5.1 Introduction

The reactor coolant pump (RCP) seals are potential LOCA sites. Possible
reasons for RCP seal failure are diverse. Among these reasons is loss of
cooling to the seals. Cooling is provided by systems which can interact with
HPI, which in turn would be involved in mitigating an RCP seal LOCA; there-
fore, there is potential for correlating a LOCA event with a failure of HPI.
This is the main reason for including RCP seals in a study of this type.

Ordinarily, the seals are cooled by seal injection flow, which is a
portion of the flow provided by the normally operating charging pump. Fil-
tered seal injection flow passes through the seals and into the RCS; thus, the
seals normally see clean and relatively cool water. Should scal injection
flow be lost, flow through the seals reverses direction, and the seals see
relatively dirty primary coolant. If the primary coolant passes through the
seals at nc:nal RCS temperature, there is a potential for seal failure, which
increases with the passage of time. Normally, primary coolant flowing up the
pump shaft to the seals will be cooled by the thermal barrier, a heat exchang-
er whose tube side is provided with component cooling flow. This is intended
to compensate for loss of seal injection flow. If, however, both seal injec-
tion flow and component cooling flow are lost, the RCP seals are without cool-
ing, and a LOCA is presumed to occur after some time under these conditions.
Presumably, a few minutes without cooling can be tolerated, but times on the
order of an hour cannot.

Some consideration of the time scale was applied to the results of the
functional model. Here, the usual binary logic has been applied to hardware
failure modes which would lead eventually to an RCP seal LOCA. Having done
this, one obtains cutsets which are extremely conservative in light of the
premises on which the design was based (i.e., procedurally mandated interven-
tion by the operator). In particular, neither the component cooling pumps nor
the charging pumps are considered essential loads during the injection phase
of a LOCA; presence of a blackout (LOOP) signal and/or an SI signal immediate-
ly eliminates seal injection flow, and presence of both signals further
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eliminates component cooling. Moreover, presence of an SI signal! or blackout
signal interrupts SW flow to the CCW hea* exchangers. In a sense, therefore,
not much is required to temporarily interrupt cooling to the seals. However,
the operators are expected to restore these functions under most conditions.
This is fundamentally different from, say, operator recovery of HPI during a
LOCA, which ought to be unneccessary by design; in the case of the RCP seal
supports, operator action is necessary by design. Human factors are out of
the :cope of this study, and we have not assumed the burden of questioning the
des ‘vn from 3 human factors standpoint; here, the operators are part of the
hardware, Therefore, the RCP two-element cutsets have been surveyed, and
where there was a basis for concluding that the operator was expected to
relieve the problem, the two-element cutsets were considered to have become
three-element, and passed thereby out of consideration. These nominally two-
element cutsets appear in the final listings, but do not survive the culling
process which yields the quantified "systems interactions.” In other words,
given this study's premise that the operator will follow procedures to the
letter, no first- or second-order cutsets were obtained that were outside the
scope of the procedures.

A.5.2 Pertinent Top Events

The pertinent top event is RCP Seal LOCA., This is assumed to occur if
seal injection flow and component cooling are lost; cutsets are then screened
to take operator recovery into account.

A.5.3 Mission Success Requirement

Successful RCP seal cooling is assumed to require either CCW to the
thermal barrier or seal injection flow. Seal injection requires a single
charging pump. The requirement assumed for CCW is characteristic of the CCW
system itself, that is, success requires either two CCW pumps operating or a
single CCW pump carrying a reduced load. As mentioned above, the procedure of
taking the hardware alone into account, and ignoring time scales, gives rise
to a model which is conservative by the standard set by the design; CCW is
“failed" by a SI signal because conventional SW is shed.
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A.5.4 Assumptions
It has been assumed in this mode! that the charging pumps require

cooling. The possibility of intermittentiy operating the charging pumps
without cooling for long enough to cool the seals has not been considered.
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A.6 PRESSURIZER

A.6.1 Introduction

The pressurizer was divided into seven major segments for the initial
FMEA and fault tree. A schematic of the model with a listing of the segments
and gate nomenclature scheme is shown on Ficure A.6.1. The seven segments are
1) the pressurizer vessel, 2) three code safety relief valves, 3) two PORV &
hlock valve combinations (each PORV modeled independently within the segment
because of differing control aspacts), 4) spray, 5) heaters, 6) pressure con-
trol system, and 7) level control system.

The three SRVs, being independent of other segments and systems, were
modeled as one valve with one failure mode, i.e., inadvertent opening with
failure to reseat., (For quantification purposes, the failure/demanad probabil-
ity was multiplied by 3.) The two PORVs and associated block valves were
modeled separately, as PCV-455C is controlled by the pressure control system
and PCV-456 is controlled by a bistable with a fixed setpoint. Both PORVs
have the same two failure modes, i.e., opening inadvertently and failing to
open when signaled.

The pressurizer spray relies upon the driving head of either RCP 33 or
34, and is controlled by the pressure control system. The failure modes
modeled were rupture of the spray piping, too much flow, and no or insuffi-
cient flow, Auxiliary spray capability was not included in the modeling.

The pressurizer heaters are controlled i1n a mandatory fashion by the
pressure control system. The level control system has the capability of over-
riding the pressure control system and turning on all heaters upon pressurizer
high level or turning off all heaters upon pressurizer low level. The failure
modes modeled were failure to supply heat to maintain primary pressure, and
supplying too much heat, thus raising primary pressure,

The pressure control system is a single-channel system which compares a
reference pressure value to the actual pressure within the pressurizer. The
control system controls both pressurizer spray valves, all four banks of pres-
surizer heaters, and one of the two PORVs., The failure modes modeled were



96

creating either a low pressure condition or a high pressure condition in the
automatic (normal) mode of operation.

A significant SI was found within the pressure control system, The
single channel of pressure control has a 3-position ganged selector switch by
which one of two pressure transmitters (PT-455 or PT-457) may be selected for
providing the actual pressure input signal to the pressure control system
masier controller in various combinations with one of the remaining two pres-
sure transmitters (PT-456 or PT-474) which supplies a signal directly to the
second PORV (PCV-456). The modeled position of this selector switch was
chosen for PT-457 inputting to the pressure control system and PT-456 control-
ling the second PORV, This combination of the three was felt to be the most
conservative one for the study, as it is the only one that allows a single
transmitter/sensor failure to initiate a high pressure transient and simultan-
eously prevent both PORVs from responding. This occurs because independently
of the selector switch, PT-457 also provides an interlocking function to PCV-
457, According to the IP-3 System Description, to prevent a single failvre
from opening a PORV, each PORV requires two pressure transmitters to detect
high pressure in order to open in the auto mode. Therefore, chould PT457 fail
low, the pressure control system would raise primary pressure in an attempt to
match the output of PT-457 with the reference pressure, and without human
intervention, the high pressure reactor trip setpoint would be reached.

The level control system is modeled in a manner similar to that of the
pressure control system. It is a single-channel system which compares a ref-
erence level value (which is a function of reactor power level) to the actual
level within the pressurizer. The control system controls the charging pump
speed controller, isolates letdown, turns off the pressurizer heaters on low
level, and turns on all heaters on high level. The failure modes modeled were
creating either a low level condition or a high level condition in the auto-
matic (normal) mode of operation.

The single channel of level control has a 3-position ganged selector
switch by which any two f the three level transmitters may be selected for
various control purposes. No obvious difference between switch positions was
apparent., Therefore, the control switch was modeled as shown in Figure 13 of
the System Description. This figure shows Channel III (LT-461) supplying
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input to the master level controller and Channel 1! (LT-460) being used for
isolating letdown and deenergizing the heaters on low level.

A.6.2 Pertinent Top Events

The two top events modeled in the pressurizer fault tree are LOCA and
reactor trip associated with pressurizer malfunctions/failures. Included
under eactor trip are the three RPS logics associated with the pressurizer,
f.e., 1) two out of three high level, 2) two out of three high pressure, and
3) two out of four low pressure.

A.6.3 Success Criteria

“Success" in the pressurizer model means that pressure and level are kept
within bounds by the control systems and that the integrity of the RC boundary
represented by the pressurizer is not breached.

A.6.4 Assumptions

1. The failure modes assumed are listed and discussed above.

2. Assumed control switch positions and basis for selection are dis-
cussed above.

3. Control systems are powered from the same instrument bus as that of
the selected input sensor/transmitter. This was assumed to be due to
lack of specific details within the documentation provided for the
study.

4, Loss of control system power for the pressure control system renders
it inoperable, and all control actions are terminated. (IP-3 System
Description)

5. Loss of control power to the level control system sirulates a low
level condition and the charging system responds to create a high
level cundition, (IP-3 System Description)
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A7 COMPONENT COOLING WATER SYSTEM

A.7.1 Introduction

The component cooling water (CCW) system is a closed loop cooling system
which is designed to remove residual and sensible heat from various primary
plant components during power and shutdown operations, and under accident and
transient conditions. The CCW consists of three pumps, two heat exchangers,
which are cooled by service water, two surge tanks, and two supply and return
headers (see Figure A.7.1). During normal plant operation, two of the three
pumps are required to supply the necessary flow for plant cooling loads. Pump
32 has been modeled as the standby pump. The three CCW pumps are always lined
up to the common pump discharge header and pump return header. The pump dis-
charge header cross-tie valves and the purmp suction header cross-tie valves
are normally open during power operation. Both CCW heat exchangers are fed
from the common pump discharge header. Low discharge pressure on either heat
exchanger supply header (which indicates insufficient capacity) starts the
third CCW pump.

Three groups of loads are modeled in the study as requiring component
cooling water: the charginj pumps, the high pressure injection pumps, and the
reactor coolant pump thermal barrier. All other safety loads served by the
CCW system do not require external cooling prior to the recirculation phase of
an accident, and were therefore not modeled.

The two support systems required by the CCW system are service water and
electrical power. Electrical power is made available to the three CCW pumps
except under the condition of a concurrent occurrence of bus undervoltage (or
LOOP) and an SIAS actuation signal. Under this latter condition, the running
CCW pumps will be tripped and none will be automatically restarted.

Modeling of this system was, for some purposes, conservative. Failure of
conventional SW “"fails" CCW, for example, by depriving it of cooling for the
short term; this is an oversimplification. In some scenarios, operator action
is essentially built into the system, as when the operator is obliged to
reduce CCW loads 1in order to ensure the sufficiency of a single CCW pump,
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It is evident that the design contemplates operator intervention, and it is
implicit that the time available for operator action is adequate.

A.7.2 Pertinent Top Events

For the charging pumps, the top events are no-or-insufficient flow to the
three charging pump oil coolers. Beyond the individual manual isolation
valves, the fault tree is common for all three pumps. Additionally, for the
charging pumps, city water provides a backup source of ccoling water.

For the high pressure injection pumps, the top events are no-or-insuffi-
cient flow in the CCW loops. The HPI pumps have booster pumps supplying CCW
to themselves, and do not require that CCW pumps operate during the injection
phase. Pump 31 is aligned to CCW loop 1 and pumps 32 and 33 are aligned to
CCW loop 2.

For the reactor coolant pump thermal barrier, the top gate is no-or-
insufficient pumped flow in loop 2. This same gate is predominant in the CCW
portion (i.e., excluding city water) of the three charging pumps discussed
above.

A.7.3 Success Criteria

The success criterion for SI pump cooling is to have water in the two CCW
loops such that the shaft-driven booster pumps have a suction source.

The success criteria for the charging pumps and RCP thermal barrier are
either two out of three CCW pumps running with normal flow, or one CCW pump
and operator action to reduce other CCW loads.

A.7.4 Assumptions

1. CCW pump 32 is assumed to be in the standby mode and pumps 31 and 33
are assumed to be running,

2. The HPl pumps are assumed to require both the oil and seal heat
exchangers for operation,

3. The charging pump oil coolers are assumed to be required to support
the operation of the charging pumps.
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A.9.4 Assumptions

It has been assumed that minimum pump speed on one charging pump (due,
for example, to loss of control circuit output) is sufficient to meet RCP seal
injection flow requirements but not to meet charging flow requirements.



Figure A.9.1

Chemical and volume control system simplified P&ID.
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a bus undervoltage condition (i.e., SIAS and bus undervoltages are modeled as
“failure" modes of those loads).

For the dc power panels, a division similar to that for the ac buses was
performed. Each dc bus was divided into two parts. The first part was
modeled exactly as it occurs in the plant; the second part was modeled without
any ac power input. This latter portion of each power panel was created to
break the logic loop associated with dc power and the diesel generators.

The diesel generators were modeled as having four distinct failure cate-
gories. The first three categories are dc control power, diesel generator
circuit breaker and actuation scheme (Sequencer FT), and service water for
cooling the jacket water and lube oil cooler heat exchangers. These repre-
sented all of the major support system interdependences. All other failures
were combined into a fourth category labeled internal failures. The logic
loop associated with the diesels and the service water system was broken
within the service water fault tree.

Portions of the overall electrical power fault tree play a role in a
transient initiation, and portions play a role in supporting the mitigating
systems. This was accomplished by placing a number of flags (house events)
within the fault tree so that only those portions appropriate for a given
sequence would be included in the solution. An alternative approach would
have been to develope separate trees for different scenarios.

A “inal word about failure modes is in order for full understanding of
the fault tree model. All the normal failure modes associated with an elec-
trical power system have been included (2.g., open circuits, breaker transfer-
ring to wrong positions, etc.). However, we have selectively applied a fail-
ure mode which we have referred to as an "unclearable fault." An unclearable
fault is one in which an electrical fault occurs in such a place in the power
system that more than one bus is deenergized in the clearing of the electrical
fault., Specifically, it has been applied in six places within the fault
tree, The first two places are normally closed circuit breakers ST5 and ST6,
the feeder breakers to 6.9-kV buses 5 and 6 respectively. An electrical fault
within either of these two breakers would result in deenergizing both
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bus 5 and bus 6. This is significant in that loss of these two buses means
Toss of two circulating water pumps, which gives a plant trip. It further
means that offsite power is not available to mitigate the transient, as all
offsite power given a turbine trip comes through buses 5 and 6 (as discussed
above). The last four places where an unclearable fault has been modeled are
the four normally open single tie breakers which connect redundant and
otherwise independent safety buses together. Three of these (2AT5A, 2AT3A,
and 3AT6A) connect the pairs of 480-V safety buses that are included in their
names. The fourth breaker ties together dc power panels 31 and 32. The con-
cern here is that any flashovers within these breakers (that have all poles on
both sides of the breaker continually energized and most probably out of
phase) would cause the loss of two safety buses.

[f the "unclearable faults" affecting multiple safety buses were credible
as single events, they would be extremely significant. For this reason, hasty
elimination of this failure mode has been avoided. However, no evidence has
been found which lends credence to this failure mode as a single event, and in
the reporting of results, unclearable faults in the 480-V tie breakers have
been logically mapped into double failures. The tie breaker linking dc buses
has been left as a single; there is no evidence for a credible single event
faulting both dc buses either, but this event has been left in the results to
represent scenarios in which both dc buses are lost. Previous work has
estimated a frequency for this which would effectively rec.ire that the event
be modeled, given its consequences.

A.10,2 Pertinent Top Events

The electrical power system is a support system within the study and, not
unexpectedly, supplies the entire electrical needs of the plant. Therefore,
all the other fault trees use varicus gates from the electrical tree, includ-
ing the 120-V vital ac buses, 125-V dc buses, 480-V buses and MCCs, and the
6.9-kV buses.

A.10.3 Success Criteria

NA
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A.10.4 Assumptions

1.

2.

3.

5.

No operator actions are allowed to be taken with respect to the power
system. A few operator actions were included for completeness in the
model, but none were allowed in the solution of the sequences.

Everything within the power system is initially in its normal full
power alignment/status.

The occurrence of any transients or LOCAs gives a reactor and turbine
generator trip, and removes the unit auxiliary transformer as a
potential source of power. (In this study, this essentially defines
“transient.")

A1l LOCAs are accompanied by an SIAS.

The battery chargers were assumed to be capable of carrying the
entire dc load profile in the absence of their accompanying bat-
teries. In practice, this is not usually the case. However, given
no documentation in this area, this was the assumption made.
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It has further been assumed in the RCP seal failure sequence that failure
of heat tracing (both redundant circuits) is failure of the heat-traced
segment,

A.11.5 Review of Leading Cutsets

On the basis of the commonality of the heating circuits from their power
sources to the control boxes, a number of single failures are found to result
in loss of heat tracing for each of the heat-traced cowponents. The signifi-
cance of this is addressed in the analysis of the appropriate sequence(s).
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A.12.0 [INSTRUMENT AIR

A.12.1 Introduction

The instrument air (IA) system provides clean, dry air pressure to a
number of components, including many air-operated valves (AOVs). The analysis
given here is based on a system having two compressors; during the plant
visit, BNL was told that a third is being added because maintenance of header
pressure requires one compressor to run essentially all the time and the other
compressor to run some of the time, so that there is no real redundancy in the
existing two-compressor system.

It should be noted that in many applications instrument air is backed up
by bottled nitrogen. Where this is the case, nitrogen backup has been cred-
ited explicitly in the fault tree for the system being supplied by [A/nitro-
gen, Additionally, many valves fail to the "safe" position on loss of air.
For these reasons, IA does not loom large in the cutsets.

A.12.2 Pertinent Top Events

Top Gate [AGOl: NOIF from IA system to Nuclear Services, DGS, and out-
side services,

Top Gate [ACPGl: NOIF from IA system to conventional plant services.

A.12.3 Mission Success Criteria

Availability of both compressors has been assumed to be necessary in
order to maintain adequate pressure. Loss of either compressor is assumed to
lead to a transient,
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A.13.0 REFUELING WATER STORAGE TANK

A.13.1 Introduction

The refueling water storage tank (RWST) provides the water supply for the
HP1, LPI, and CVCS systems. The fault tree for the RWST model includes the
tank itself, the common suction line for the three systems mentioned above,
and the heating systems provide for these two elements to prevent boron pre-
cipitation. The tank itself is heated by auxiliary steam from the hotwell,
and the bus suction line is heated by electrical heat tracing.

A.13.2 Pertinent Top Event

The top event of the fault tree is loss of the RWST source. The HPI,
LPI, and charging system fault trees deal with the consequences of the loss.

A.13.3 Success Criteria

NA

A.13.4 Assumptions

It was assumed in the development of the fault tree that failure of
auxiliary steam to the RWST or failure of the electrical heat tracing for its
discharge line would not fail the RWST unless very cold weather was also
present.
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A.14,0 STATION AIR

A.,14.1 Introduction

The station air system provides a backup source of air to the instrument
air system and only this role has been modeled in the study. The system con-
sists of two possible air supplies and a header/distribution system., The
primary air source is the [P-3 compressor. This compressor receives cooling
from two closed cooling loops and requires only one to sustain operation. The
cooling loops are in turn cooled by the service water system. The backup air
source is the [P-1 station air system. This system is included but not devel-
oped in the medel. The only other support system required for station air is
electrical power and this becomes unavailable because of bus undervcltage (or
LOOP) or SIAS actuation,

A.14,2 Pertinent Top Events

The top event in the fault tree is failure to supply station air to the
instrument air system.

A.14,3 Success Criteria

The success criteria modeled into the fault tree are that either the [P-3
or IP-1 compressor provides sufficient capacity, and that either of the two
IP-3 compressor cooling loops provide sufficient cooling.
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A.15.0 SEQUENCER

A.15.1 Introduction

The Sequencer tree was developed to model the actuation of the major
active components (diesel generators and pumps) within the scope of the
study. There is no "sequencer" per se in the IP-3 design that would, for
example, sequence loads following a LOOP or SIAS. Each pump that was modeled
has its own timer for actuating its breaker to close onto a bus. The scope of
the modeling included all start signals (SIAS, undervoltage, and manual from
the control room) and included all intervening relaying up to, but not includ-
ing, the actuated device (e.g., the circuit breaker itself). The only support
system required is dc control power and its failu-e prevents both automatic
and manual (from the control room) start capability for all modeled compo-
nents, except for auxiliary feedwater pump 32, whose turbine driver is actu-
ated by the loss of its dc supply.

The reason for grouping the actuation circuitry for these components in a
separate fault tree, rather than incorporating earh into its appropriate
front-1ine or support system fault tree, is relat-d to the manner of its
development. It was judged most efficient (in terms of time and manpower) to
have one person develop all of the actuation logic (from a common set of draw-
ings) and then to keep it togetner for ease of reference and review.

The basic structure of each actuation logic is quite similar, and a
general description of a typical actuation circuit follows. Specific differ-
ences of importance for each of the actuation scheme: will be addressed in the
following section.

The logic model traces, by specific components modeled directly from the
[P-3 electrical schematic diagrams, the actuation path from relay to relay
between the initiation signal and the actuated device. For example, response
to bus undervoltage (or LOOP) and SIAS is developec at the bus level by relay-
ing logic within the switchgear, Specific relays energize, depending upon the
event detected, and these relays in turn actuate the time delay relays assoc-
fated with each individual load (e.q., SI pumps 3 seconds, RHR pumps 8 sec-
onds, etc.). All pumps are sequenced whether or not a LOOP has occurred.
Failure modes are therefore 1) failure of the initiating signal, 2) failure of
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the appropriate bus level relays, 3) failure of the individual load time delay
relays, and 4) failure of dc control power.

It should also be noted that loads on buses 2A and 3A receive SIAS initi-
ation signals from both SIAS trains, whereas buses 5A and 6A receive only
train A and train B SIAS signals, respectively. The actuation scheme in the
model also differentiates between the source of actuation initiation as does
the actual relaying logic within the switchgear. Certain relays will actuate
for a bus undervoltage (LNOP) condition and not for a safety injection signal
and vice versa. 'his situation is addressed by NOT logic. The NOT logic in
the model correspinds to interposing relay contacts within the switchgear.
For example, the "non-S! blackout" relays would be "ANDED" with a "NOT-LOCA"
event, so that during LOCA seguences ("LOCA" = 1 in the model) these relays
would not be counted as their failure would not affect actuation of the pump.

A.15.2 Pertinent Top Events

The top events in the Sequencer fault tree are failure to actuate the
following components: diesel generators (DG) 31, 32 and 33; safety injection
pumps (HPI) 31, 32, and 33; auxiliary feedwater pumps (AFW) 31, 32, and 33;
residual heat removal pumps (RHR) 31 and 32; nuclear service water pumps (SW)
34, 35, and 36; and component cooling water pumps (CCW) 31, 32, and 33, The
three SW pumps are modeled twice each, once for applications other than cool-
ing the diesel generators, and once to break the logic loops created by diesel
dependency on the SW system for the diesels themselves,

The diesel generator actuation model differs in that the circuit breaker
itself is included in the model and there is no intervening relaying, because
bus undervoltage directly signals closure of the breaker as soon as the gener-
ator has attained a given output voltage.

The HPT pumps, RHR pumps, and SW pumps all generally conform to the typi-
cal actuation circuitry discussed previously.
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The major difference to be noted in the CCW pump actuation scheme is that
these pumps will not automatically sequence onto their buses, given that an
SIAS signal and bus undervoltage signal both exist.

The actuation of the auxiliary feedwater pumps (31, 22, and 33) was ex-
plicitly modeled with respect to LOCA sequences and transient sequences. In
addition, the two motor-driven pumps have a common actuation circuit based
upon Lo-Lo steam generator leve! in any one steam generator (one out of
four). The turbine-driven AFW pump (32) is actuated by deenergizing a dc-
controlled, air-operated valve which admits steam to the turbine. AFW pump 32
is also actuated upon Lo-Lo steam generator water level in any two steam
generators (two out of four).

A.15.3 Success Criteria

NA

A.15.4 Assumptions

No assumptions were made in the modeling of the actuation circuitry. The
mode! was derived directly from the applicable electrical schematic diagrams
of IP-3 supplied for the study.
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A.16.0 SI ACTUATION
A.16.1 Introducton

The engineered safeguards actuati n system is supposed to generate an
SIAS signal under certain conditions. Failure to generate such a signal has
been modeled here in the SI fault tree. [In this study, the sequences which
require an SI signal are small LOCA and medium LOCA; HPI pumps, LP1 pumps, AFW
pumps , diesels, and certain valves are affected by this signal.

A.16.2 Pertinent Top Events

There are two redundant trains of SI actuation, and the two important top
events are failure of the SI signal at relays SIL11X and SI21X.

A.16.3 Mission Success

The top events correspond to complete failure of their respective SIAS
trains,

A.16.4 Assumptions

It was assumed (as per I[P-3 procedure PEP-ES-1, p. 7) that for small
LOCA, a containment high pressure condition might not exist; accordingly,
credit for this signal was not taken.

Operator acts were not credited in this area.
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A.17.0 SERVICE WATER

A.17.1 Introduction

The service water system (SWS) provides cooling to a number of components
by supplying Hudson River waier to their heat exchangers and returning the
heated water to the river. One group of three SW pumps, designated "nuclear,"
is diesel backed and meets the cooling requirements of relatively critical
components, including the diesel generators, the containment fan coolers, and
certain other components. Another group of three SW pumps is des ignated "con-
ventional”; it s not automatically diesel backed, and meets the cooling
requirements of less critical systems, such as the component cooling water
svstem, A third group, the backup SW pumps, can be made available under cer-
tain conditions, but this group is neglected in the [PPSS, and for simplicity,
will be neglected here also.

The segmentation scheme is illustrated in Figure A.17.1

A.17.2 Pertinent Top Events

Top events of interest for the SWS are failure to supply service water
to various components, Some of these events contribute to initiation of tran-
sients; some contribute to failure of mitigating systems; and some do both,

For purposes of breaking logic loops, special events were defined in the
service water tree which can feed into the diesel -generator-failure events
without leading to dependences either of service water on itself or of diesels
on themselves., Names of these events contain the letters "DGS" to distinguish
them from other events, For example, event SKNX14-A is “Insufficient Nuclear
SW from Segment NX-14"; it includes all failure modes of the diesels supplying
power to nuclear service water pumps, and would create a loop if fed into the
diesel failure gates. SWNX14-DGS-A, on the other hand, is the same event
except that the supporting diesels' dependence on service water does not con-
tribute to this gate., Gates which manifestly supply only the diesels do not
all carry the appellation DGS, but the headers which supply these gates do.
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Service Water

Top Events Descriptions
SWO34-A Failure to supply SW to DG 31.
SW035-A Failure to supply SW to DG 32.
SW036-A Failure to supply SW to DG 33.
SWC18-A Failure to supply SW to CCW HX 31.
SW37-A Failure to supply SW to CCW HX 32.
SK51-A Failure to supply SW to Inst Air HX 31,
SW52-A Failure to supply SW to Inst Air HX 32.
SWAL15-A Failure to supply SW to Circ. Water Pump 31 seals.
SWAl4-A Failure to supply SW to Circ. Water Pump 32 seals.
SWAL3-A Failure to supply SW to Circ. Water Pump 33 seals.
SWAL2-A Failure to supply SW to Circ. Water Pump 34 seals.
SWALL-A Failure to supply SW to Circ. Water Pump 35 seals.
SWAL0-A Failure to supply SW to Circ., Water Pump 36 seals.
SWT16 Failure to supply SW to BFP & T Lube ofl coolers.

A.17.3 Success Criteria

It has been assumed that SW flow requirements correspond to 2 out of 3 SW
pumps on the nuclear header and 2 out of 3 SW pumps on the conventional
header,

The requirement on the nuclear header 1is the same as that used in the
[PPSS. However, the [PPSS defines a Special Case for the nuclear header, in
which one NSW pump is able to supply SW to the DGS if diversion to the con-
tainment fan coolers is prevented. According to the IPPSS (§1.6.2.3.8.6),
this is accomplished by the closing of TCU-11G4 and TCU-1105. However, these
valves fail open on loss of air or loss of power to the associated solenoid
valve (p. 1.6-799 and p., 1.6-724), and the circumstances guaranteeing their
closure under loss-of -offsite-power conditions have not been establishea. The
2/3 mission success requirement for the NSW header for all conditions has
therefore been retained, though this may depart from the [PPSS. This has a
noticeable gualitative effect on the results, and should probably be pursued.
The approach taken here may be conservative,
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The success criterion for the Conventional header corresponds to the
requirements of the transient initiator tree (2/3 CSW pumps available). The
IPPSS states that after an accident, 1/3 is sufficient, The effects of this
“conservatism” are not very significant,

A.17.4 Assumpt ions

For purposes of this study, it was assumed that the SW system is aligned
S0 .hat the usual nuclear header is supplying the usual nuclear loads, and
s‘nilarly for the conventional header. Mode switch mispositioning has been
1ﬂzluded, however,

It has also been assumed that NSW pump 36 is ordinarily on standby on the
nuclear header and that CSW pump 31 is the standby pump on the conventional
header. Adding options to the trees to consider alternative assumptions is
straightforward; the present case was chosen for the sake of initial simpli-
city, with the idea of later assessing whether there is enough asymmetry in
the system to justify explicit consideration of the other alternatives.

References

1. IPPSS, Section 1 & 2,3.8 (Service Water) and Section 1.6.2.3.6 (Contain-
ment Form Coolers),

2, [IP-3 System Description No. 24, Service Water Systems, August 1975,



Figure A.17.1 Indian Point 3 service water system simplified P&ID.
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A.18 TRANSIENT INITIATOR

A.18.1 Introduction

In this study, the purpose of developing a fault tree for the transient
initiator is to search for interactions which link transient initiation to
failure of a mitigating system., For example, a bus fault leads to a reactor
trip, and simultaneously fails the offsite power path to one of the safety
buses. The following was done in this study. The scope included the follow-
ing transient sequences:

l. Transient and failure of AFW.
2. RCP seal LUCA sequences.
3« Transient-induced PZR LOCA sequences.

Events appearing in mitigating systems (including systems supporting the
integrity of the RC pressure boundary), or their supports, were examined to
see whether they would cause transients, A transient was taken to be an event
which leads to a reactor trip or, in reasonably short order, to a shutdown.

The Transient tree, then, is a large OR gste whose inputs are mostly
support system faults, In addition, a tree for loss of main feedwater to at
least 1/4 SGs feeds into the Transient tree. Other transient initiators that
are not somehow linked with the frontline systems, or their supports, have
been excluded.

A.18,2 Top Events

The top event of the Transient tree is a Boolean OR of that subset of
faults which a) have anything to do with the mitigating systems studied here
and b) lead more or less directly to a shutdown (usually, but not necessarily,
by a trip).

Developed events which are fed into this top event are listed on Table
A.ln'l.



A.18.3 Mission Success Criteria

NA
A.18.4 Assumptions
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The defining characterictic of transient, as used here, 1s that the
reactor shuts down and electric power 1s derivable only from the offsite
source or from the diesels, not from the station generator.

Table A,18.1 Developed Inputs to Transient Initiator Top Event

Event Name

Consequence

MF-5G31323334

CCGRETRN-A
CCG1000-A
CCGTBEOL

RCPMOL -INT
RCPMO2-INT
RCPMO3-INT
RCPMO4 - INT
SIPHASESB

EPA24-T
EPAS2-T
EPASS-T
EPA2S5.T
CD-VAC
CR-01-A
PZRX TRIP

TR-LOOP
[AGOL

TR-SPSI
CV-LOCH
CV-LOLD

Insufficient MFIV to 1/4 SGs

Insufficient CCW to at least 1 RCP
[nsufficient CCW to at least 1 RCP
Insufficient CCW to at least 1 RCP
Insufficient CCW to at least 1 RCP
Insufficient CCW to at least 1 RCP
Insufficient CCW to at least 1 RCP
Insufficient CCW to at least 1 RCP
Insufficient CCW to at least 1 RCP

Loss of 6,9-kV Power to at least 1 RCP
Loss of 6.9-kV Power to at least 1 RCP
Loss of 6.9-kV Power to at least 1 RCP
Loss of 6.9-kV Power to at least 1 RCP

Loss of Conuenser Vacuum
Loss of 2/6 Circ., Water Pumps
Reactor Trip on Pzr Fault

Loss of Offsite Power
Loss of Instrument Air

Spurious SI or Phase B signal
Loss of Charging Flow

Loss of Letdown Flow
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Figure A.13.1 Indian Point Unit 3 refueling water storage tank system simplified.




| AFMRI-A-INT
2 AFBR3-A-INT
3 FaRa-A-INT
A FNESA-INT
5 Fe-A-INT
6 AFOR7-A-INT
7 FO6-A- INT
8 AFNS-A-INT
9 FNS-B-INT
10 A INT
11 AFRLO-B-INT
12 AFRLLAH

13 AFRLL-A-INT
14 AFRLL-A-NDR
15 AFOLL-B-INT
16 AFRI2-A-INT
17 AFO12-B-INT
18 AF@L2-C-INT
19 AFOL3-A-INT
20 HOLI-B-INT
21 WFL3-C-INT
22 AFRLA-R-INT
23 FNA-B-INT
24 FRINC-INT
25 FRISA-INT
2 WFRIS-B-INT
27 FAS-C-INT
28 WRIE-A-INT
29 WFOLT-A-INT
30 FLA-A-INT
31 FAS-A-INT
R AN
33 el -a-INT
3 ez INT
X eee-0-AN
3% FRIA-INT
17 FRI-D-LN
38 FRAH-INT
39 AFRee-D-BLIN
o FRS-INT
ol RFERS-D-BLIN
42 FRRh--INT
Al FR2T-0-INT
MR- INT
A5 R INT
o IR INT
47 R -A-INT
o A INT
A5 FO33-A-INT
9 FRAHG-BFD67

129

APPENDIX B

EVENT DEF INITIONS

CT 64 FAILS CLOSED

FAILURE OF CST DISCHARGE PATH TO MD AFW PP

FRILURE OF CITY WATER DISCHARGE SEGMENT WALVES TO PP 33
FRILURE OF CST DISCHARGE PATH TO MD AFW PUW

FRILURE OF CITY WATER DISCHARGE SEGMENT VALVES TO P 31
FAILURE OF CST DISCHARGE PATH TO TD AFW PUW

FAILURE OF CITY WATER DISCHARGE WALVES TO TD AFw AW
MOTOR DRIVEN RFW PUMP FAILURE

DTAB6E SIGNAL UNABLE TO CONTROL PU 33 DISCHARGE PRESSURE
NITOR DRIVEN AFW PUMP FAILURE

PTAMGA SIGNAL UNABLE T CONTROL PU 31 DISCHARSE PRESSURE
OPERRTOR FRILS TD BRING AFW PU 32 P TO SPEED

SEGMENT 11 INTERNAL FAILURE

FAILURE TO WANIPULATE (LOCALLY) TRIP VALVE GIVEN LOSS OF AIR
INGDVERTANT (PENING OF RELIEF WALVE mS5¢

LOCAL FRULT SEBMENT 12

LOCAL FALLT FTV-406C FAILS OPEN

BRCKLERKABE OF FOVARBL

LOCAL FAULT SEGMENT 13

LOCAL FRLT FOV-6060 FRILS OPEN

BAC(LEARABE OF FOVARGD

LOCAL FRULT SEGMENT 14

LOCAL FALLT FCV-A06B FAILS OPEN

BACKLEAKABE OF FCVARGE

LOCAL FRULT SEGMENT 15

LOCAL FALLT FOV-M6A FAILS OPEN

BAOKLERKABE OF FLVARBA

LOCAL FAULT SEGMENT 16

LOCAL FAULT SEGMENT 17

LOCAL FAULT SEGMENT 18

LOCAL FALT SEGMENT 19

NOIF OF STEAM FROM SEGMENT 29

NOIF OF STEAM FROM SEGMENT 21

AFWS INJECTION LINE FRILS TO SUPPLY WATER 10 SB3J
BLOMDOWN FROM 56 33 NOT ISOLATED

AFWS INJECTION LINE FAILS TO SUPPLY WATER TO S634
BLONDOMN FROM 56 34 NOT |SOLATED

AFWS INJECTION LINE FAILS TO SUPPLY WATER TO SB32
BLONDOMN FROM 56 32 NOT [SOLATED

AFWS INJECTION LINE FRILS TO SUPPLY WATER TO 5631
BLOMDOMN FROW 56 31 NOT [SOLATED

ATW ST RLF VALVE PCVIL36 INTERMAL FAILURE

ALL 5VS ABSOCIATED WITH SB33 FRIL TO DPEN

AT STH RLF WALVE PCVIIZ7 INTERNAL FAILURE

ALL VS ASSOCIATED WITH 5634 FRIL TO OPEN

ATH ST RLF WALVE PCVIIIS INTERNAL FAILURE

AL SVS AGSOCIATED wWiTH 5632 FAIL TO OPEN

ATH STH RLF VALVE PCVII34 INTERNAL FAILURE

ALL SVE ABSOCIATED WITw S631 FAIL TO OPEN

BACKLEAKAGE OF BFD67 AND OTHER CHEDK VALVES [N Py DISC LINES



51 AFBLKE-BFD68
52 AFBLKG-BFDE9
53 AFBLKG-BFD70
54 e

55 AFNE-HU-0!

56 AFSEBA-6-8-NOR

57 AUXST-——
58 CC+

59 CC0d1-A-BLK
60 COMR1 -6 INT
61 COM)-A-RSTRT
6e COMMR-A-BLK
63 COMC-A-INT
64 COMI-A-BLK
65 COM3-A-INT
66 COMI-A-RSTRT
67 COMBA-A-INT
68 COMS--INT
69 COME-A-INT
78 COMY7-A-NT
71 COBG-A-INT
72 COMS-A-INT
73 Le1-A-INT
74 CORLI-A-INT
75 CCR12-A-INT
76 COMSH-INT
77 CCR16-4-INT
78 CORL7-A-INT
79 CCO18-A-INT
80 COR33-A-INT
81 CCA3A-A-INT
82 COR3S-A-INT
83 COR6-H-INT
B4 CORI7 A4
85 COa37-A-INT
86 COR38-A-INT
87 CCOH100-A
88 CCH601-A
89 Cro6ee-4
W COoOAI-4

91 CCo80-A
9 CCH804-A
93 CCo8R5-0
94 COBRETRN-A
95 CC8S1

9% CCBTBER|

97 CD-1-A

9% CD-10-4

9 CD-11-A
18 CD-1A-4
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BACKLEAKABE OF BFD68 AND OTHER CHECK WALVES IN PU DISC LINES
BACKLEAKAGE OF BFD69 AND OTHER CHECK VALVES IN PU DISC LINES
BACKLEAKAGE OF BFD70 AND OTHER CHECK WALVES IN PU DISC LINES
LOSS OF N2 TD AFWS ADVS

0PC TR FAILS TO ACTUATE N BACKUP - LOCAL

FAILURE OF 0P TO ALIGN CW AT AFW UMD SUCTIONS
FAILURE OF STW SUPPLY FROM AUX STM SYSTEN

OPERATOR FAILS TO ADJUST COW LOADS

CON PUN 31 TRAIN BLOCKAGE

OO UMD 31 INTERNAL FATLURE

CCW PN 31 FAILS TO RESTART- INT, FAILURE

CON P 32 TRAIN BLOCKAGE

CON PUMP 32 INTERNAL FAILURE- INCLUDES FAILURE TO START
CO% UM 33 TRAIN BLOCKAGE

OO PUMP 33 INTERMAL FAILURE

OO PUNP 33 FAILS TO RESTART- INT. FAILURE

WAL VALVE 766 FAILS CLOSED

WAL VALVE 766D FRILS CLOSED

WAL VALVE 7590 FAILS CLOSED

WAL VALVE 7590 FAILS CLOSED
FRILURE OF COM WX 32 LES

FAILURE OF COW M 31 LES

VALVE 766C OR 7660 FAILS CLOSED

L00P | RETURN HEADER FAILS

LOOP 2 RETURN WEADER FAILS

W1 UM 31 OIL OR SEAL WX FAILURE

W1 UM 32 DIL OR SEAL MX FRILURE

W1 UMD 33 01L OR SERL MX FAILURE

WML OO WLVE 787 FAILS CLOSED

WAL VALVES TD O PUMP 31 OIL COOLERS FAIL

WAL VALVES TO C46 PUMP 32 1L COOLERS FAIL

WAL VALVES TO 046 PUMP 33 0IL CODLERS FAIL

WML VALVE TS6A FAILS 0LOSED

OPERATOR FAILS TO ALIGN CITY WATER

INTERMAL FRILURE OF SEGMENT 37

WAL VALVE 7568 FAILS CLOSED

NOIF COW FROM LODP 32

NOT COM FLOW TO W91 PUMD 31

NOI COW FLON T0 191 PP 32

NOI CON FLOW TO WPI AW 33

NOIF CCW AND CITY WATER TO CH6 PUWP 31 COOLERS

NOIF CCW AND CITY WATER T0 046 PUWP 32 COOLERS

NOIF CON AND CITY WATER TO M PUMP 33 CODLERS

WOV 784 OR 786 NOFC- COM RETURN LINE FRON RCP MOTORS
COW SUPRLY TO RCPUS MOV769, 797 FAIL CLOSED DUE TO INT DR FIRE
VALVEE9 OR 797 FAIL CLOSED

NOIF FROM COMMON DISOMIRBE OF MEATERS 33 10 35

NI FAOM CONDENSATE DUMPS DISCHARGE HEADER

NOIF FROM CONDENSATE PUMPS SUCT [ON MEADER

NOIF FROM MEATERS 134, 344, & 1%
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CHECK VALVES 2188 42180 FRIL CLOSED,
AIR OPERATED VALVE 2948 FAIL CLOSED.
CHECK VALVES 2188 218C FAIL CLOSED.
AIR DPERATED VALVE 2944 FAILS TO OPEN ON DEMAND.
VALVES 374 OR 142 FAIL CLOSED.
NOIF SEAL FLOW FRON CHARGING PUMPS
LOVI12C OR CHECK VALVE 292 FRIL CLOSED
VALVE FCV 1108 FRILS TO OPEN OR VALVE 297(ND) FRILS
BLENDER FRILS
CV328 FRILS TD OPEN OR XV32S (NOFC)
CV327 FRILS TD OPEN OR XV326
FCV 1184 FRILS CLOSED.
FCV 111A FRILS TO OPEN.
FILTER OR FLOW METER PLUGEED.
BORIC ACID TRANSFER PUWP 31
BORIC ACID TAMK 3!
FAILURE OF ELECTRIC MEATER |
LEVEL TRANMITTER LT-112 FRILS.
LEVEL CONTROL LCI128/X FRILS HIGH
LEVEL CONTROLLER LC-1128 OR CONTROL CIRCUIT FAIL.
LEVEL CONTROLLER LC-112C Ok CONTROL CIRCUIT FAIL
VALVE LCVIIZB FRILS TO OPEN,
LETDOWN [SOLATION VALVES FRIL,
REGEN. HX. FAILS.
SUPERCOMPONENT FRILS ITSELF,
JONT, ISOLATION VALVES FAIL,
NON-REBEN. WX, FRILS.
VALVES PCV13S OR TCVIAS FARIL.
REACTOR CODLANT FILTER PLUBBED.
VCT RUPTURE.
ISOLATION VALVES 213A DR213B FRIL TD OPEN.
EXCESS LETDOWN KX, FRILS.
VALVE HCVI23FAILS CLOSED.
LCVII2A INTERNAL FRILURE CAUSING FLOW DIVERSION TO HOLDUP TAMNK
NO OP. ACTION FOR EX. LETDOWN IN SERVICE.
CONTROL CIRCUIT FOR VALVE PCV1I3S FRILS.
FRILURE OF CITY WATER SUPOLY TO CT-49
INTERNAL FRILURE OF CT-45 SCHMENT
LOSS OF DC POMER AT LEVEL INST & CONTR. - SUPPLY NO” FOUND
] NO FLOW IN LINE 1080
| EE-ATL AMEIENT TEW LN
192 EE-CS@15 NO FLOW IN SEBMENT 15
193 EE-MLDCA-RCSCLA MEDIUM LOCA POSTULATED IN RCS COLD LEG ND. &
154 EE-SBLP 0w PRESS IN S85
195 EE-SLOCA-RCSCLA SWALL LOCA POSTULATED IN RCS COLD LEG NO. 4
% EPA-LATE-LDOP LOSS OF GRID DURING MITIGATION PHASE
EPA-TR-IN-LDOP  TRANSIENT INDUCED LDSS OF OFFSITE POMER

EPRRe -5+ LOCAL FALLT AT EPAB2 (6.9 KV BUS 5)
199 EPalR-U-F UNCLERRABLE FRILT AT RIS 5
200 EPARI-S5F LOCAL FALLT AT EPAB3 (S8 XFMR 5)




T AT EPRB4 (RS 58
AT EPAB4 (RS SR
S OF 482 VOLT BLE SR
0P AT 488Y BUS SR, OR LOOP, OR SI
TINDE 33
OCAL FALLT IN DB NO. 33
LOCAL FALLT IN FRST TRANSFER BREAKER SCHEME
LOCAL FALULT AT EPABE (SS XFMR ¢
LOCAL FALLT AT 28
LOCAL FALLT AT EPRR7 (BLS 24
LOSS OF A8V BUS 28
0P AT BUS 2R, OR LOOP, OR SI
LOCAL FALLT INDE 3
LOCAL FALLT IN DB NO.
LOCAL FAULT AT EPARS (6.9 KV BUS ¢
INCLEARABLE FALLT AT BUS &
LOCAL FALLT AT EPALR (5SS XFMR &
LOCAL FAULT AT EPALL (BUS BA
OCAL FALLT AT EPALL (BUS BA
1SS OF 488V RS &R
P AT A8V BUS 6A, DR LOOP, DR SI
LOP AT BUS BAIHP] VALVES
OCAL FALLT IND6 3
JCAL FRULT INDE NO,
OCAL FALLT IN FAST TRANSFER BREAKER SCHEME
OCAL FAULY AT EPAL3 (5SS XFMR 3

OCAL FAULT AT EPALA (RUS 34
Al

LOCAL FAULT AT EPALS (BUS 34
POMER SUPPLY FRILURE OF 488v BUS 3R
0P AT 482V BUS 3R, OR LDOP DR SI
OCAL FRULT AT EPALS (TIE BKR 2ATSA
JNCLERRABLE FAULT AT EPALS (TIE BKR 2ATSA
FIRST FRILURE IN TIE BXR 2ATSA
SECOND FRILURE IN TIE BKR 2ATSR
OPERATOR DOES NOT CLOSE 2AT3R
LOCAL FRULT OF 2AT3A TIE BREAKER
OCAL FAULT OF TIE BXR 2AT3R
LOCAL FAULT AT EPALG (TIE PW%EW 2AT3A
CLEARABLE FALLT AT Emit TIE BKR 2AT3A
'.:’S' FRILURE IN T )Q
SECOND ‘QZL:RE
LOCAL FALLT A
INCLERRABLE FALLT R
FIRST FAILURE IN TIE BKR 3ATHA
SECOND FRILURE IN TIE BKR 3ATeA
OCAL FALLT AT MCC 39,
39 LOSS OF POMER
OCAL FALLT AT MCC 36C.
LOCAL FAULT AT mCC 2,
LOSS OF POMER FROM 488V AC WCC X




251 EPRRI-G-F
252 epaet-T
253 EpRR1-T-Y
254 EPRRR-S+
255 ePRee-T
256 EPRE3-5-F
257 EpRe3-T
258 EPR24-SF
259 EPRA-T
260 EPR2S-S-F
21 EPReS-T
262 EPARE-S5-F
263 EPRRG-T
264 EPRRT-S-F
265 EPRRT-T
266 EPRCB-5-F
267 EPR2B-T
268 EPACS-S-F
269 EPRRS-T
278 EPARR-S-F
271 EPRS1-S-F
272 EPASe-SF
273 epRse-T
274 EPRSA-S-F
275 PPRSS-5-F
276 EPRSS-T
277 EPAST-S-F
278 EPRSB-SF
279 EPReR-5-F
289 EPRGIY

281 EPRBIC
282 EPRBL3

283 EPRG14

284 EPAEBIS
285 EPRELE

286 EPDOI-Q!
287 EPDOL-&F
2688 EPDR1-96F
289 EPDRL-31
29N EPDRL-P1F
291 EPO8L-P3+
2% Poee-!
293 ePDmR-01-V
294 EPDRC-82-F
295 epDee-a2-v
2% EPD@R-94-V
297 EPDee-%-F
298 EPDRe-32
299 epDR2-3e-V
300 EPDRR-Pe-F
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LOCAL FALLT AT WCC 37,

W 37 LOSS OF POMER

LOP AT EPRZ1 (MCC 37) (WP VALVES)

LOCAL FALLT AT EPR22 (MCC 368)

LOSS OF POMER T0 MCC 368

LOCAL FALLT AT MCC36B (SE6 EPRE3)

L0SS OF POWER TO MCC 368

LOCAL FALLT AT 6.9V BUS 1

LOSS OF POMER FROM 6908V AC BUS NO. 1
LOCAL FAULT AT 6,V BUS 4

LOSS OF POWER FROM 6308V AC BUS MO. &
LOCAL FRULT AT XCC 33

L0SS OF POWER FRON 488V AC MCC 33
LOCAL FALLT AT MCC 34

NO POWER AT WCC 34 - FROM EPS FT

LOCAL FAULT AT WCC 35

LOSS OF POWER FROM 482Y AC MCC 35
LOCAL FALLT AT MCC 31

WCC 31 LOSS OF DOWER

LOCA. FAULT AT MCC 38

BXR UT2 FAILS OPEN - DE-ENERBIZES BUS 2
LOCAL FAULT AT BUS 2

LOSS OF POWER FROM 6908V AC BUS NO. ¢
BKR UT3 FRILS OPEN - DE-ENERGIZES BUS 3
LOCAL FALLT AT BUS 3

LOSS OF POMER FROM 6300V AC BUS NO. 3
FAILURE OF UNIT AUX XF%ER

BKR UT1 FAILS OPEN - DE-ENERGIZES BUS !
BKR UTé FAILS OPEN - DE-ENERBIZS BUS 4
LOP AT EPAR3 (5§ XFMR 5)

LOP AT EPABG (6.9KY BUS 2 + S5 XFWR 2)
LOP AT EPRI3 (6.9KY BUS 3 + 55 XFWR 3)
LOP AT EPAIR (SS XFMR &)

LOSS OF POWER FROM 6300V AC BUS NO. S
LOSS OF POWER FROM 6908V AC BUS NO. 6
LOSS OF DC POMER REGD TO OPEN AGV 261A OR C
LF AT DC POMER PANEL 31.

LF AT BATTERY CHARGER 31, CB, CABLES.
L0SS OF 125V DC DISTRIBUTION PANEL 3
LF,FB16 OPENS.

LF, FB13 OPENS.

LOSS OF DC POMER REGD TO OPEN AOV 261B OR D
LOP AT DC PP 32(HPI VALVES)

LF AT DC POMER PANEL 32.

LOP TO OC PP 32(HPI VALVES)

LOP FROW EPD22(HP] VALVES)

LF AT BATTERY CHARGER 32, CB, CABLES,
LOSS OF 125v DC DISTRIBUTION PANEL 32
LOP TO DC DP 32(HPI VALVES)

LF,FB12 OPENS.



301 EPDR-PA-F
38 EPDR3-R!
303 EPDR3-%0F
304 EPDRI-6-F
385 EPDR4-&-F
306 EPDRA-86F
307 EPDLI-A
388 EPDIL-F
3#5 EPDI2-A
310 EPDI2F
311 EPDI3-A
312 EPDI3-F
313 EPDIA-F
314 EPDR—

315 EPD313e-U-F
316 EPGENTRAN
317 EPIALIX
318 EPI-R2X
319 epl21-
320 EPI21-8F
X1 EPI21-%
322 PIR21-15F
323 PI21-SkF
4 P12
325 PPle-ke-F
326 EPI22-96
37 EP1R-15+
326 EPI22-SN-F
329 P13~
339 EPI23-8-F
331 EPl23-%
3R PI23-15F
333 EPI123-GW-F
334 EPI24-01
335 EPl2e-dF
336 P29
337 P24
338 EPI24-15-F
339 EP124-CBF
349 EPI24-Sk-F
341 EPLRI-®
342 EPLOI-96
343 EPLRL-10
344 EPLOI-1L
345 EPLRI-12
346 EPLRL-5W
347 EPLR1-GWF
348 EPLER-9C
349 EPLBR-85
359 EPL82-5H
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LF,FBI3 DPENG.

LDP AT EPD @3 (DC POMER PANEL 32)

LF AT DC POMER PANEL 33,

LF AT BATTERY CHARGER 33, CB, CRBLES.

LF AT DC POMER PANEL 34,

LF AT BATTERY CHARGER 34,CE, CABLES,

BATTERY 3! FRILURE

LOP AT EPD 11 (FAILURE OF BATTERY 31).

LOP AT DC PP 32 - BATTERY 32 SOURCE ONLY

LOP AT EPD 12 (FRILURE OF BATTERY 32,

BATTERY 33 FAILURE

LOP AT EPD 13 (FRILURE OF BRTTERY 33).

LOP AT EPD 14 (FAILURE OF BATTERY 34),

CONTROL POMER LOST 7O SPRAY CONTROL VALVES - N0 SPRAY
UNCLERRABLE FAULT IN TIE BXR BETWEEN DC PPML 3! AND 3
FUTURE SPACE FOR GENERAL TRANSIENT TRES

LF 4T XER OR CB 36C , AC BUS 1.

LF AT XER , CB 36B ,AC BUS 2.

(0SS OF INST BUS 3!

LF AT 1 BUS 31

LF IN WANUAL SWITOH 31, TRANGFER FAILURE TO AC SOURCE 1.
LF IN INVERTER 31 OR CRBLE T0 IT,

WNUAL SWITCH 31 OPENS,

LOSS OF INST BUS 32

LF AT I BUS .

LF IN WANUAL SWITCH 32, TRANSFER FAILURE TO AC SOURCE 1.
LF IN INVERTER 32 OR CARLE 10 1T,

WONURL SWITOH 32 OPENS.

L0SS OF INST BUS 33

LF AT 1 BUS 33.

LF IN WANUAL SWITCH 33, TRANSFER FAIURE TO AC SOURCE 1.
LF IN INVERTER 33 OR CRBLE 0 IT,

WNUAL SWITCH 33 DPENS.

LOSS OF INST BUS 34

LF AT 1 BUS 34,

LF IN MANUAL SWITCH 34, TRANSFER FAILURE TO AC SOURCE ..
LF IN WN. CB 34, TRANSFER FRILURE TD AC SOURCE 2.

LF IN INVERTER 34 OR CRERLE T0 1T,

LOP AT MAN.CB 34 (DPENS).

WANUAL SWITCH 34 OPENS.

LF AT DISTR PANEL FOR FAN HOUSE & TUMEL.

LF AT BUS 33,

LF OF L XER OR CB 33.

BREAKER (FB3)TO EPD 82 DPENS,

CRTIE CB 3233 OR L BUS 32 IS NOT AVAILABLE .

SWITCH 37 OPENS,

LF IN SWITCH 37, TRANSFER FAILURE TO (E) SOURCE.

LF AT DISTR PANEL FOR NUCLEAR PLANT,

BREAKER (FBE) TO EPD @2 OPENS.

SWITCH 34 QPENS,
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41 FaR

e 5

43 F52R

404 FOMR

o85 F35

a6 FI74

487 F58A

e £S5

o° Fb

410 FEOR

411 FBBA

412 FBBA

413 FeR

414 F7

415 F7OR

416 F7IA

417 F713A

418 F78R

419 F75R

420 F78R

41 FIR

422 F8

423 FBEA

424 FB7R

45 F3

426 F

427 PCC31ILOC
428 FULI-1

429 FINEARL]
439 FINERRSSA
431 HPOR1-A-INT
432 HPMR-A-INT
433 HPR3-A-INT
434 HPRRA-R-INT
435 HPRRG-A-INT
436 HPRES-C-INT
437 HPORE-A- INT
436 HPRo-C-INT

439 HPART-HTR31-INT
449 HPORT-HTR32-INT

44] HPRRTA-A-INT
442 HPORTR-C-INT
443 HPRRTB-A-INT
444 HPORTB-C-INT
445 HPORTC-R-INT
445 HPRRTD-A-INT
447 HPARTE-A-INT
448 HPRRTF A INT
449 HPMRTE-R-INT
A58 HPRRTH-A-INT
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FIRE IN I0NE 4R
FIRE IN Z0NE 5
FIRE IN Z0NE 52R
FIRE IN I0NE 544
FIRE IN Z0NE 55
FIRE IN 20NE 578
FIRE IN I0NE 584
FIRE IN IONE 599
FIRE IN I0NE 6
FIRE IN IONE 60R
FIRE IN ZONE 66A
FIRE IN IONE 68R
FIRE IN I0NE 69R
FIRE IN 10N 7
FIRE IN IDNE 7@,
FIRE IN ZDNE 71A
FIRE IN I0NE 73R
FIRE IN I0NE 74R
FIRE IN I0NE 75R
FIRE IN I0NE 78R
FIRE IN 208 7
FIRE IN 70N 8
FIRE IN ZONE 86R
FIRE IN I0NE 87R
FIRE IN 20N 9
FIRE IN I0NE %
FIRE IN ZONE WCC311L0

FIRE IN UNLABELLED ZONE 1,PAB ELEV 32.5-4!

FIRE IN Z0NE INEAR!!

FIRE IN IONE INERARSSA

INTERNAL FRILURE OF SEBMENT |

PUMP 31 INTERNAL FRILURE

PUMP 32 INTERNAL FRILURE

PUNP 33 INTERNAL FRILURE

NOIF OF PUMP 32 DISCHARGE HERDER
SEGMENT NO. S CKV 352A REVERSE FLOW
FAILURE OF PUMP 32 DISCHARGE HERDER
SEGMENT NO. 6 CKV B52B REVERSE FLOW
INTERNAL FAULTS OF BIT HEARTER 31
INTERNAL FAULTS OF BIT HERTER 3
INTERNAL FAILURE OF SEGMENT 7R
LERKAGE PAST NC MOV1BS2R

INTERNAL FAILURE OF SEGMENT 78
LEAKAGE PAST NC MOV1852B

INTERNAL FAILURE OF SEGMENT 7C
INTERNAL FAILURE OF SEBMENT 7D
INTERNAL FRILURE OF SEGMENT 7t

FLOW DIVERSION TO CVCS HOLD UP TANKS-VALVE 1B4E DPENS

VALVE 185IB INTERNAL FRILURE
VALVE 1851A INTERNAL FRILURE



451 HPRLIA-A-INT
452 HRRI2-R-INT

453 HPRL3-A-INT

454 HPRLA-R-INT

ASS HPRIS-A-INT

456 HPRLE-A-INT

457 HPRIT-A-INT
458 HPR1B-G-INT

459 HPRLS-A-INT

460 HPRRA-A-INT

461 HPRRA-C-INT
462 HPR3A-A-INT

463 HPRAA-A-INT

464 HPRAR-C-INT

465 HPI3A8E!-T-INT
466 HP330@62-T-INT
487 HP33AR63-T-INT
458 HP33AR63-T-OPER
469 HP33AR6A-T-INT
470 HPI3ALLL-T-INT
471 HP33AL 12-T-INT
472 HP33A113-T-INT
473 HP33A113-T-0PER
474 HP33A114-T-INT
ATS HP33A121-T-INT
476 HP33A122-T-INT
AT7 HP33A123-T-INT
478 HP33A123-T-OPER
479 HPI3A124-T-INT
480 HP33A191-T-INT
481 HP33AIFR-T-INT
482 HOI3A193-T-INT
483 HP33A193-T-OPER
484 HPI3A194-T-INT
485 HP33AR21-T-INT
486 HP33A222-T-INT
487 HP33AR23-T-INT
488 HP33R223-T-OPER
489 HP3A224-T-INT
490 HP33R231-T-INT
431 HP33RR3R-T-INT
432 HP33AR33-T-INT
433 HP33A23I-T-OPER
434 HPI3R23A-T-INT

495 HT-POMER-MATTERS CONDX ARE SUCH THAT PWR FAILURES TO HT CAN CAUSE SYSTEM FAILUR

4% HTOR1-T-INT
497 HTOR2-T-INT
498 HTOR3-T-INT
499 HTOR3-T-0

500 HTeRS-LBFTO
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MOV BAZ, MOVB43, OR VALVE 1862 NOFC

COLD LEE NO. 4 INJECTION PATH FRILURE

COLD LEG NO. 2 INJECTION PATH FRILURE

COLD LES NO. 3 INJECTION PATH FAILURE

COLD LEG NO. ! INJECTION PATH FRILURE

COLD LEG NO. 4 INJELTION PATH FRILURE

COLD LEG NO. 2 INJECTION PATH FRILURE

COLD LEE NO. 3 INJECTION PATH FAILURE

COLD LEG NO. 1 INJECTION PATH FRILURE

VALVE 8494, B58A, OR B848A FRILS CLDSED

SEGMENT 2R CKV B4 REVERSE FLOW

M0V 887R,887B FRILS CLOSED

VALVE 843B,858B,0R 3488 FAILS CLOSED

SEGMENT 4Q CKV B4SE REVERSE FLOMW

FRILURE OF LOCAL CNTRLS EHT PNL 33A CXT &

EHT PNL33A CKT & PRIMARY TRACING FRILS

INTERNAL TAILURE OF EMT PNL33R CKT & REDUNDANT TRACING
OPERATOR FAILS TO ALIGN REDUNDANT TRACING

EHT PNL33A CKT 6 ALARM FRILURE

FRILLRE OF LOCAL ONTRLS EXT PNL 33R CKT i

EHT PNL 33R (X1 1! PRIMARY TRACING FAILS

INTERNAL FRILURE OF EMT PNL 33R CKT 11 REDUNDANT TRACING
OPERATOR FAILS TO ALIGN REDUNDANT TRACING

ENT PNL 338 OXT 1! ALARM FRILURE

FAILURE OF LOCAL CNTRLS EHT PNL 33R (KT 12

EWT PNL 33R CKT 12 PRIMARY TRACING FRILS

INTERNAL FAILURE OF EMT PNL 33A CMT 12 REDUNDANT TRACING
OPERATOR FAILS TO ALIGN REDUNDANT TRACING

EHT PNL 33R CXT {2 ALARM FRILURE

FAILURE OF LOCAL CNTRLS EWT PNL33A CKT 19

EHT PNL33A CKT 19 PRIMARY TRACING FAILS

INTERNAL FRILURE OF EHT PNL 33A CHT 19 REDUNDANT TRACING
OPERATOR FAILS TO ALIGN REDUNDANT TRACING

EHT PNL 33R CKT 19 ALARM FRILURE

FAILURE OF LOCAL CNTRLS EWT PNL 33A CKT 22

EHT PNL33A CKT 22 PRIMARY TRACING FRILS

INTERNAL FRILURE OF EMT PNL33A CKT 22 REDUNDANT TRACING
OPERATOR FRILS TD ALIGN REDUNDANT TRACING

EHT PNL 33A CKT 22 ALARM FRILURE

FAILURE OF LOCAL ONTRLS EWT PNL 33A CKT 23

EHT PNL 33A CKT 23 PRIMARY TRACING FRILS

INTERNAL FRILURE OF EMT PNL 33A CKT 23 REDUNDANT TRACING
OPERRTOR FAILS TO ALIGN REDUNDANT TRACING

EHT PNL 33A CKT 23 ALARM FRILURE

SEGMENT | INTERNAL FRILURE

SEGMENT 2 INTERNAL FRILURE

SEBMENT 3 INTERNAL FRILURE
OPERATOR FAILS TO MAKE THE TRANSFER
SEGMENT 5 BRKR FT0



501 HTRe-LBFTO
S8 HTeRT-LBFTO
583 HT88-LEF
S84 HTO0E-T-INT
585 HTQ@S-LEF
506 HTORS-T-INT
587 HTQI-LEF
588 HTR18-T-INT
509 HT@R1-T-INT
S10 HT@2-T-INT
S11 HT@R3-T-INT
S12 HT@4-T-INT
513 HT@RS-LEF
S14 HT@S-T-INT
SIS HTeR6-LEF
S16 HT®6-T-INT
S17 HT@RT7-LEF
S18 HT8R7-T-INT
S19 HT@R8-LEF
520 HT@eB-T-INT
321 HTERS-T-INT
522 HTO3@-T-INT
523 HT@31-T-INT
524 HT@3R-T-INT
525 HT@33-LBFTO
526 HTR33-LEF
527 HT@3S!-LBFT0
528 HT@3S!-LEF
529 HTA3S2-LBFTO0
538 HT3SR-LEF
531 HT@353-LBFT0
532 HTR3S3-LEF
533 HT@3SA-LBFTO
334 HTR354-LEF
S35 HT@36-LBFTO
536 HTQ36-LEF
337 HT33A-LBFTO
338 HT33A-LEF
539 HT33B-LBFTO
549 HTI3B-LEF
541 HT33C-LBFTO
542 HTI3C-LEF
543 HT3A1-LBFTO
544 WT3AL-LEF
545 HT3A1-T-INT
46 HT3A-LBFTO
SA7 HT3AR-LEF
548 HT3A3-LBFTD
549 HT3A3-LEF
350 HT3A3-T-INT
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SEGMENT 6 BRKR FTD

SEGMENT 7 BRKR FTO

TRANSFORMER TO PNL 33R ELEC FALLT

SEGMENTS 5,8,0R 11 INTERNAL FAILURE
TRANSFORMER TO PN 33B ELEC FAWLT

SEGMENT 6,3,08 12 INTERNAL FAILURE
TRANGFORMER TO PNL 33C ELEC FAULT

SEGMENT 7, 10,08 13 INTERMAL FAILURE
SEGMENT 21 INTERMAL FRILURE

SEGMENT 22 INTERNAL FRILURE

SEGMENT 23 INTERMAL FRILURE

SEBMENT 24 INTERNAL FAILURE

TRANGFORMER ELEC FAULT

SEGMENT 25 INTERNAL FAILURE

TRANSFORMER ELEC FAULT

SEBMENT 26 INTERNAL FAILURE

TRANSFORMER ELEC FALLT

SEGMENT 27 INTERNAL FRILURE

TRANSFORMER ELEC FALLT

SEGMENT 28 INTERNA FAILURE

SEGMENT 29 INTERMAL FRILURE

SEGMENT 30 INTERNAL FRILURE

SEGMENT 31 INTERMAL FAILURE

SEGMENT 32 INTERNAL FRILURE

ASSOCIATED FP DP 31 LOAD BXR FTO

LOCAL FP DP 31 LOAD FAULT

FP DP 34 LINE 155 CXT BRKRS FTO

ELEC. FAILURE OF LINE 155 KT CXTS

FD DP 34 LINE 161 CKT BRKRS FT0

ELEC FAILURE OF LINE 161 HT CXTS

FP DP 34 RMST INST STRIP HTRS (KT BRKRS FT0
ELEC FAILURE OF RWST INST STRIP HTRS

FP DP 34 NON RWST T CXT BRKRS FT0

ELEC FRILURE OF NON RMST KT CKTS

ASSOC BRKR FP DP 35 FTO

LOCAL FP DP 35 LORD FAULT

RSSOC LORD BRKR FTO

LOCAL LOAD ELEC FAULT ON PN 334

ASS0C LOAD BRKR FTO

LOCA. LOAD ELEC FAULT ON PN 33B

ASSOC LOCAL LDAD BRXR FT0

LOCAL LOAD ELEC FALLT ON PNL 33C

FP DP 32 CKT 9 OR 11 FAULTED ASSOC BRKR FT0
ELEC FAULT OF ENT DP 32 CKTS 9 OR 11
INTERNAL FRILURE OF WT FP DP 32 CKTS 9 OR 11
FP DP 32 CKT 7 LOAD BRKR FTD

FP DP 32 CKT 7 ELEC FAWLT

FP DP 32 LOAD BKR RSSOC WITH FAULTED CKT FTO
ELEC FAULT OF ANY | OF EMT DP 32 CXTS | THRU 6
INTERNAL FAILURE OF ANY | OF EXT DP 32 CKTS | THRU 6



351 HT351-T-INT
352 HT3Se-T-INT
353 HTR3e-T
354 HTB33e-T
05 HTE34e-T
356 HTSPSO-T
D7 1Ae5-A
558 [AeR6-A
559 1h007-A
560 1ARE-A
361 1he8s-A
562 IAR12-A
563 1A013-A
64 [RR14-A
565 1Ad15-A
566 [AR16-A
%7 1A018-A
368 [RRIA-RF
569 1AQ1B-R-F
578 1A825-A
571 IAdR6-A
572 1Re27-H
573 1RQRA-A
574 1A82B-A
575 1AQ38-4
576 1RA3A-H
577 1A@3B-A
578 TAB4R-A
579 1AAB-A
580 [A18A-A
581 IR18B-A
582 IALIA-A
583 1A11B-A
S84 IACRC-A
585 1ACes-A
586 [RCESH
587 1ACR6-A
588 IAC10-A
589 IACIA-A-F
599 IACIB-A-F
391 IRC7A-A
5% IRCTR-R
593 1AC9R-A
594 1AC9B-A
595 1hG81
59 [AIRBYPASS
557 1R681-A
598 [RG@e-A
599 1AGe7-A
600 [RS8
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INTERNAL FRILURE OF LINE 1S5 HEAT TRACING

INTERNAL FRILURE OF LINE 161 MERT TRACING

ENT FRILURE OF 7P P 32

N0 PWR TO EMT PNL 338

ENT FRILURE OF FP 0P 34

NO POMER TO SUPV PML SO IN CR

COMMON PIPE FROM COMPRESSORS TO RECEIVER

RECEIVER ADN RV

PIPE AND VALV OWNSTREAM OF RECEIVER

PIPE PLUBGED - NOIF FROM COMPRESSORS AND BACKUP SERV AIR
PIPE PLUBGED - NOIF THRU DRYER 32 AND BYPASS

COMMON PIPE FROM ALT PATH(DRYER 31) AND BYPASS

PIPE, VALVES AND CONTRDLLER IN BYPASS

PIPE IN BYPASS

COMMON PIPE FROM REF DRYERS TO DESIC DRYERS & TO CONV PLANT &%
PIPE TO DESICANT DRYERS

PIPES, VALVES, REGENERATIVE DRYERS - NORMAL FLOW PATH
COMPRESSOR, PIPE, VALVE UPSTREAM OF AFTERCOOLER 31
COMPRESSOR, VALVE, PIPE PSTREAM OF AFTERCOOLER 32

PIPE, VALVES, CONTROLLER, NONREG. DRYER-BACKUP PATH (4R SUPRLY)
PIPE FROM DESICANT DRYER TO AFTER FILTERS

FILTERS, PIPES, VALVES -

AFTERCOOLER 3!

AFTERCODLER 32

PIPE FROM AFTERFILTERS TO DISTRIBUTION

PIPE AND VALVES DOWNSTREAM AFTERCOOLER 31 -

PIPE AND VALVES DOWNSTREAM AFTERCOOLER 32

PIPE DOWNSTREAW OF SEG [AQ3A

PIPE DOWNSTRERM OF SEG 1AQ3B

PIPE, FILTER, DRYER AND VALVES IN ALT PATH (DRYER 31)

PIPE, FILTER, DRYER AND VALVES IN OPERATING DRYER 32

PIPE IN ALT PATH DOWNSTREAM OF DRYER 31

PIPE DOWNSTREAM OF OPERATING DRYER 32

PIPE DOWNSTREAM OF BOTH CW PUWFS

ON WX 32, INLET AND OUTLET VALVES AND PIPES

OW HX 31, INLET AND OUTLET VALVES AND PIPE SEGS

PIPE FROM ON HXS TO AFTERCOOLERS

COMMON DISCHARGE PIPE FROM MOTORS 31 AND 32 TO PUMP SUCTION
CH PUMP 31, YLVES AND PIPE - OPERATING PUMD

ON PUMD 32, WALVES AND PIPS - STANDBY PUMP

VALVES AND PIFE TO AFTERCOOLER 31

VALVES AND PIPE TO AFTERCDOLER 32

VALVES AND PIPES- FROM AFTERCODLER 31 TO/THRU MOTOR 21
VALVES AND PIPES- FRON AFTERCOOLER 32 TO/TWAU MOTOR 32
NOIF FROM INST. AIRSYS. TO NUCL. SERVICE FROM I8 T,

FLOW RES BYPRSS VALVE COMNINDED OPEN (INST AIR wX SW OUTLET)
VALVES, PIPE, FROM SERV AIR TO INST AIR AND WELD CHANNEL BACKLP
PIPE FROM SERVICE AIR TO FILTERS

DIPE, VALVES AND CONTROLLER DOWNSTREAM OF FILTERS

VALVE AND PIPE FROM SERVICE AIR TO INST, AIR



681 IAS29-A
682 LCAGCH
683 LOCA

604 LP9RI A
685 LPede-A
606 LPRR3-£
607 LPR3-E!
608 LPo@3-£2
689 LS
610 LPoRe-A
611 LP8-A
6l2 LPOI-A
613 LPR11-A
614 LPRI2A
615 LPR13-A
616 LPOISE
617 LPOI5S-E1
618 LPRIS£2
619 LPR16-A
629 PR
621 LPAE-R
622 LPATR-A
623 LPR7TB-R
624 LPE9A-A
625 LP9B-A
626 LPIMA-E
627 LP14B-£
628 LTASS-HF
629 LT460-A
630 LT460-HF
631 LT46R-LF-F
632 LTé61-A
833 LTe6L-HF
634 LT461-LFF
635 W-1A-R
636 W-1B-A
637 W-1C-A
638 W-1D-R
639 WF-2R-LF-F
640 W-2B-LFF
641 WF-2CLF-F
642 W-2D-LFF
643 W-4-R
EAL 400
645 WF-AB-A
bAE WF-AC-A
647 W-5A
648 W-6-A
649 WF-61-C-INT
650 W-61-LF-F
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VALVES, FILTER AN PIPE

BISTRBLE FRILS

LOCA EVENT

PIPE FROM XVBAE TD MOVE&2

WOves2 (DOFC), CvBel (FTO), PIRE

FLOW DIVERTED, MOVB83 (LCFO) OR BV1BGZ (NCFD)

MOV BA3(LLFD)

BV1863

MOV744 (DOFC),CV741 (FTD),0R PIPE PLUBBED

MOV745R OR MOV74SB FAILURE (NOFC)

NOIFF THRU HXS CROSS TIE - MOV1869R OR WOV18698 (NOFC)
CROSS TIE BLOCKED

COLD LEG 1 PATH FAILURE

COLD LEG 2 PATH FRAILURE

COLD LEG 3 PATH FAILURE

MOVBBSA AND MOVBBSB (NCFO)-FLOW DIVERTED TO CONTRINMENT SUMP
MOV B85A (NCFO)

WOV 8858 (NCFO)

RHR PUMPS MIN FLOW LINE PLUGGED-MOV 1873 DR 743 FC-ASSUMPTION
RHR PUMP 31, XV739R (NOFC), XV735A (LOFC), CV738R (FTD), PIPE
RHR PUMP 32, XV739B (LOFC), XV735B (LOFC), CV738B (FTD), PIPE
HEX 31 FAILURES OR Xv742 (LOFD)

HEX 32 FRILURES

FRILURES OF VALVES AND PIPE FROM HEX 31 TO CROSS TIE (MOv 8998
FRILURES OF VALVES AND PIPE FROM HEX 32 TO XTIE (MOV 839%)
MOV-889B (NCFD)

MOV-889A (NCFD)

LOCAL FAULT LTA59 FRILS HI

PIR LEVEL SENSOR FRILS LOW - LT460

LOCAL FAULT LTAGR FAILS HI

LOCAL FAULT LTA6Q FAILS LOW

PIR LEVEL SENSOR FRILS LOW - LT461

LOCAL FAULT LTA61 FAILS HI

LOCAL FAULT LTAG1 FAILS LOW

NOIF FROM WFIV BFD-7 Cv BFD-6 OR FE-418 TO 56 3!

NOIF FROM WFIV BFD-7 CV BFD-6 OR FE-428 TO S6 32

NCIF FROM WFIV BFD-7 Cv BFD-6 OR FE-428 TD S6 33

NOIF FROM MFIV BFD-7 CV BFD-6 OR FE-448 TO 56 34

NOIFF MF REG FCV-417 OR MOIV BFD-S TO SG 31 LOCAL FAILURES
NOIFF W REG FCV-427 OR MOIV BFD-5 TO 56 32 LOCAL FRILURES
NOIFF WF REG FCV-437 OR MOIV BFD-S 7O S6 33 LOCAL FRILURES
NOIFF WF REG FCV-447 OR MOIV BFD-5 TO 56 34 LOCAL FRILURES
NOIF FROM MFW HP HERTERS COMMON DISCHARGE HERDER

NOIF FROM HP HEATER 36R

NOIF FROW HP HEATER 36B

NOIF FROM HP HERTER 36C

OPER FRILS TO OPEN BYPASS VALVE DR VALVE FAILS

NUIF FROM COMMON BFP DISCHARGE HERDER

BFP 31 DISCH REV FLOW -CV FRAILS (RF) AND MOV FAILS TO CLOSE
BOILER FEED PUMP 3! LOCAL FRILURE



651 WF-62-C-INT

652 WF-6e-LF+F
653 W-74

654 MF-5631323334

655 MS—-LF

656 WS-REJ——LF

657 NOTLOCA
658 NOTLOOP-6R
653 NOTTR-SPSI
668 PCASSE-NT
661 PCASGE-NT
862 PCASTE-NT
663 PCIABD-NT
664 PCIABE-NT
865 PCIABF-NT
bbb PM——

667 POMER

668 PTASS-HF
669 PTASS-LF-F
£79 PTASE-HF
671 PTASE-LF-F
672 PTAST-HF
673 PTASTAF-F
674 PT4TA-HF
675 PTAT4-LFF
676 PTIABA-NT
677 PTIABE-NT
678 PTINEC-NT
£79 PI20R-0PN
580 P1301-A-F
681 P1301-B

682 P1335-INT-F
683 PI336-INT-+F

684 PI3SI-A-F
685 PI351-B
686 P1356-B
687 PIA-D
688 PIAR1-A
689 PIA01-B
£99 PISe1-A-F
691 PI581-B
692 PIER1-A
693 PI681-B
694 PIT01-R
695 PI701-8
69 PIBLKYV-NOR
697 PILREF-A
698 PILREF-B
699 PIN23A
700 PINSE-A
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BFP 32 DISCH REV FLOW -CV FRILS (RF) AND MOV FAILS 70 CLOSE
BOILER FEED PUMP 32 LOCAL FAILURE

NOIF TO BFPS 31 & 32 FRON COMMON SUCTION HERDER

NO MAIN FEEDMATER T0 | OUT OF & STEAM BENERATORS
NOIFF MAIN STEAM AND MSR SUPPLY TO BFPTS LOCAL FAILURES
LOSS OF WAIN STEAW AIR EJECTORS - LOCAL FRILURE

NOT A LOCA EVENT

NO LOOP TD BUS 6A

NO SAFETY INJECTION SIGNAL PRESENT

NO TRIP SIGNAL FROM PLP BISTABLE (PC ASSE).

NO TRIP SIGNAL FROM PLP BISTRBLE (PC ASGE).

NO TRIP SIGNAL FROM PLP BISTABLE (PC 4S7E),

NO TRIP S. FROM CHP BISTABLE, PC 348D.

NO TRIP 5. FROM CHP BISTABLE, PC 48E.

N0 TRIP S, FROm CHP BISTABLE, PC 948F,

NO PRIMARY WAKE P WATER GOES TO VALVE FCVIIIA.

MO POMER TO 4-#AY VALVE - SUPPLY NOT FOLND

LOCAL FALLT PTASS F ILS HI

LOCAL FAULT PTASS FAILS LOW

LOCAL FAULT PTASE FRILS HI (PCVAS6 SIGNALLED TO OPEN)
LOCAL FAULT PT456 FRILS LOW (PCVASE FAILS CLOSED)
LOCAL FAULT PT4S7 FAILS HI (PCS AND PRMSY TO PCVASE)
LOCAL FAULT PTAST FRILS LOW (PCS AND INTLK PCVASE)
LOCAL FAULT PTAT4 FAILS HI (PRMSV TO PCVASSC)

LOCAL FAULT PTA74 FAILS LDW (INTLK TO PCVASSC)

NO TRIP 5. FROM SENSOR+TRANSMITTER, PT 3484 .

NO TRIP S, FROM SENSOR+TRANSMITTER, PT 348 .

NO TRIP . FROM SENSOR+TRANGNITTER, PT 944C .

PIR SRV FRILS OPEN

LOCAL FAULT - PORV PCV-455C FAILS CLOSED

LOCAL FAULT DPENS PORY

LOCAL FAULT OF BLOCK VALVE

LOCAL FAULT OF BLOCK VALVE

LOOCAL FAULT - PORV PCV 456 FRILS CLOSED

LOCAL FALLT OPENS PORV PCY 456

LOCAL FAULT IN PRESSURE SENSOR CHANNEL

RPTURE OF PIR SPRAY LINE

LOCAL FAULT - SPRAY PIPING CLOBS P

LOCAL FAULT - ONE OR MORE PZR SPRAY VALVES FAIL OPEN
LOCAL FAULT WITHIN PIR HEATERS - NO HEAT QUTRUT

LOCAL FALLT PIR HEATER POMER/CONTROL COMPONENTS - RAISES PRESS

LOCAL FALLT WITHIN PZR PRESS CONTROL SYS - LOWERS PRESSURE
LOCAL FAULT IN PZR PRESSURE CONTROL SYSTENM - RAISES PRESSURE
LOCAL FAULT WITHIN PZR LEVEL CONTROL SYSTEM - LOWERS LEVEL
LOCAL FALLT IN PZR LEVEL CONTROL SYSTEM CAUSES HIGH LEVEL
OPERATOR NOT CLOSE BLOCK VALVE

REACTOR CONTROL SYSTEM INPUTS LOW (LREF) LEVEL SIGNAL
REACTOR CONTROL SYSTEM INPUTS WIBGH (LREF) LEVEL SIGNAL
MOTIVE NITROGEN SUPPLY LOST - PORV PCV-4SSC FAILS CLOSED
MOTIVE NITROBEN SUPPLY LOST - PCV 456 FAILS CLOSED



781 PIRXTRIP

T8 RCER!

783 RCER3

Té4 RCERA

785 RCPWR1-INT
706 RCPWIC- INT
707 RCPWA3-INT
788 ROPMBA-INT
7#3 RCSIQI-A-INT
710 RCSIGR-A-INT
711 RCSI6-A-INT
712 RCSIQ-R-INT
713 RCSIN0

714 RCSI11-A-INT
715 RCSIE®R

716 RCSIE@S

717 RCTBOI-A-INT
718 RCTBES-H-INT
719 RCTBO6—H-INT
728 RCTBEO!

721 ROVRL-A-INT
722 ROVER-R-INT
723 RCVA3-A-INT
724 ROVS-A-INT
725 RdB1-A- INT
726 Rl INT
727 R34 INT
728 RG0! -A

729 ARG H

738 SAR1-A-INT-F
731 SA@R-A-INT
732 SAS-A-INT
733 SAA-A-INT
734 SATR

735 SRA7T-A-INT
736 SACCSI-R-INT-F
737 SACCR-A-INT-F
738 SACCS3-A-INT
739 SACCSA-A-INT
748 SACCSS-A-INT
71 SACCSE-A-INT
742 SACCST7-R-INT
743 SACCSER!

744 SE-1X-BFPTI-FD
745 SE-1X-BFPT2-FD
746 SE-2-1- iD-5
747 SE-2-1-eD-€
748 SE-2-CL1-2-§
749 SE-2-(L2-2-5
758 SE-2-(L3-2-S
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REACTOR TRIP ON PIR FAULT

UNDEF INED RERSONS

OTHER RERSONS

OTHER REASONS

MANUAL VALVES 771R,772R, 773A FAIL CLOSED FOR RCP 31 MOTOR COOL
WANURL VALVES 7718, 772B, 7738 FAIL CLOSEL' FOR RCP 32 MOTOR COOL
MANUAL VALVES 771C, 772C, 773C FC FOR RCP 33 MOTOR COOLING
MAUAL VALVES 771D, 772D, 773D FC FOR RCP 34 MOTOR COOLING
INJECTION FILTER TRAIN FRIL.

PIPE, VALVE, FLOW METER FRIL.

SEAL NO.!1 PLUBGED OR VALVE PIPE FAIL.

MOTOR VALVE 222 FAIL CLOSED

SEAL RETURN FILTER PLUBGED.

SEAL WATER HX,FRILS.

NO OPERATOR ACTION.

INTERNAL FAILURE OF VALVE OR CONTROL CIRCUIT.

VALVE OR PIPc FRIL

PIPE OR VALVE 7BIR FRIL.

FLOW METER OR FCVE2S FAIL.

THERMAL BARRIER OF ANY PUMP RUPTURES

PIPE, VALVE,CHARGING PUMP, MOTOR OF TRAIN 31 FARILS
PIPE, VALVE, CHARGING PUMP, OR MOTOR OF TRAIN 3¢ FAILS
PIPE, VALVE, CHARGING PUMP, OR MOTOR OF TRAIN 33 FAILS
VALVE 289 FAILS CLOSED

INTERNAL FRILURE OF SEGMENT |

INTERNAL FRILURE OF SEGMENT 2

INTERNAL FAILURE OF SEGMENT 3

RWST FAILURE

NOIF THROUGH RWST LINE 155

COMPRESSOR LOCAL FRILS,

SUPERCOMPONENT SAQ2 FRILS

IP-1 STATION AIR BACK-UP FOR IP-3 STATION AIR FAILS.
SUPERCOMPONENT SAAFRILS.

NOIF SUPPLY FROM SERVICE AIR SYST - FROM SERV AIR FT
SUPERCOMPONENT SA@7 FRILS.

PN TRAIN 31 LOCAL FAILS.

PUMP TRAIN 32 LOCAL FAILS.

HERDER PLUGBED.

HX. TRAIN 31 LOCAL FRILS.

HX. TRAIN 32 LOCAL FRILS.

NOIFF WATER SUPPLY TO CLOSED COOLING SYSTEM PUMPS
NOIFF SUPPLY FROM CCS HXS HERDER

FRILURE OF CLOSED COOLING SYSTEM- FROM SA FT

RELAY 1X-BFPT! FAILS TO ENERGIZE

RELAY 1X-BFPT2 FRILS TO DEENERGIZE

LOCAL FAULT OF RELAY 2-1-11D

LOCAL FAULT OF RELAY 2-1-6D

LOCAL FALLT OF RELAY 2-CC1-2

LOCAL FAULT OF RELAY 2-CC2-2

LOCAL FALLT OF RELAY 2-CL3-¢



751 SE-2-RHR1-5
752 SE-¢-RHR2-S
753 SE-2-SWe-5

T4 SE-2-SW5-S
755 SE-2-5W6-5
756 SE-20-1-ABFPR-S
757 SE-27-2R-13-WV
758 SE-27-3RX3

759 SE-27-5R-Xe-W
768 SE-27-8R-X3-WV
761 SE-2S11-8

762 SE-eSle-§

763 SE-2S13-8

764 SE-3-1-2R-5
765 SE-3-1-3R-5
766 SE-3-1-5RA-%
767 SE-3-1-6R-5
768 SE-3-2-2RA-5
769 SE-3-2-3R-5
778 SE-3-2-3R-5
771 SE-3-2-6RA-5
772 SE-S2-EB1-INT
173 SE-52-E61-0PN
774 SE-Se-EBe-INT
775 SE-Se-Ebe-0PN
776 SE-Se-EB3-INT
777 SE-Se-EB3-0PN
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LOCAL FAULT OF RELAY 2-RHR!

LOCAL FAULT OF RELAY 2-RHR2

LOCAL FALLT OF RELAY 2-Gwé4

LOCAL FALLT OF RELRY 2-5WS

LOCAL FAULT OF RELAY 2-5w6

LOCAL FAULT OF RELRY 29-1-RBFP2

BUS 28 WV SCHEME THINKS LOW VOLTAGL CONDITION EXISTS

BUS 3R UNDERVOLTAGE SCHEME THINKS LOW VOLTAGE CONDITION EXISTS

BUS SA WV SCHEME THINKS LOW VOLTAGE CONDITION EXISTS
BUS 6A UV SCHEME THINKS LOW VOLTASGE CONDITION EXISTS
LOCAL FALLT OF RELRY 2-SI1

LOCAL FAULT OF RELAY 2-SI2

LOCAL FAULT OF RELRY 2-SI3

LOCAL FALLT OF RELAY 3-1-2R

LOCAL FAULT OF RELAY 3-1-3R

LOCAL FRULT OF RELAY 3-1-5A

LOCAL FALLT OF RELAY 2-1-6A

LOCAL FALLT OF RELAY 2-2-M

LOCAL FALLT OF RELAY 3-2-32

LOCAL FALLY OF RELAY 3-2-5R

LOCAL FRAULT OF RELAY 3-2-64

LOCAL FAULT OF RREAKER/RCTUATION SCHEME

BKR 52-EG! (D6 31) OPEN

LOCAL FAULT OF BREAKER/ACTUATION SCHEME

BKR S5e-EB62 (D6 32) OPEN

LOCAL FRULT OF BREAKER/RCTURTION SCHEME

BKR S5e-EB3 (D6 33) OPEN

778 SE-63X1-BFP1-5-F LOCAL FAULT OF RELAY 63X1-BFP1
779 SE-6311-BFP2-S-F LOCAL FALLT OF RELAY &3X1-BFP2

788 SE-AFP31-A
781 SE-AFP3H
782 SE-AFPI3-A
783 SE-AFW-NDA
784 SE-BFP-L-S
785 SE-BFP-S
786 SE-CCSP-A
787 SE-CCSeP-5
788 SE-CCS31-A
789 SE-CCS3e-A
798 SE-CCS32-NOA
791 SE-CCS3-A
792 SE-COW-NOR
793 SE-ED631-A
734 SE-EDB3R-A
795 SE-EDE33-A
7% SE-HPR31-R
797 E-HRRA
798 SE-HORII-A
795 SE-HPI-NOA
800 SE-RHR-NOA

AFW PUMP 31 NOT ACTURTED

AFW PUMP 32 NOT ACTURTED

AFW PUMP 33 NOT ACTURTED

ND OPERATOR ACTION TO ACTURTE AFW PUMPS

LOCAL FAULT OF RELAY BFP-L

LOCAL FRULT OF RELRY BFP

FRILURE OF LOW HERDER PRESSURE AUTD ACTURTION
LOCAL FAULT OF LOW HERDER PRESSURE RCTURTION SCHEME
CCW PUMP 31 NOT ACTUATED

COW PUMP 32 NOT ACTURTED

WANUAL ACTURTION OF CCS32 FAILS (ALSO BLOCKED BY SI SIGNAL)
COW PUMP 33 NOT ACTUATED

NO OPERATOR ACTION TO ACTUATE CCW PUMPS
FRILURE OF D6 BXR S2/E61 TO ACTUATE

FRILURE OF DG BKR S2/EG2 TO ACTUATE

FAILURE OF D6 BKR 52/EB3 TO ACTURTE

PUMP 31 NO AUTO INITIATION SIGNAL

PUMP 32 NO AUTO INITIRTION SIGNAL

PUMP 33 NO AUTD INITIATION SIGNAL

NO OPERATOR ACTION TO ACTUATE HPI PUMPS

NC DPERATOR ACTION TO ACTUATE RMR PUMPS



881 SE-RHR31-R
882 SE-RHR32-R
803 SE-S61234X-C
884 SE-S8LOL0A
B85 SE-SHN-NOR
806 SE-SWN-SWITCH
807 SE-SWNAA
888 SE-SWN34-DES-A
809 SE-SWNISHA
819 SE-SWN3S-D65-A
B11 SE-SWN36-R
812 SE-SWN36-DES-A
813 SE-SWN36-NOA
814 SEDG-SWN36-NOR
815 SIe1-2FC

816 SIe1-3FC

817 SI1—4FC

818 SIe1-5FC

819 SIe1-6FC

829 SIe1-7FC

271 SI1a1-0F0

822 SIe-FC

823 SId1-FF

824 SIQ1-NOA

825 SIe1-PB

826 Sige-2FC

827 S1ee-3FC

828 SI@e-4FC

829 Slee-5FC

838 SIs-6FC

831 slee-7C

832 SIge-DFO

833 Slee-FC

834 SIe-FF

835 Slae-N0R

83 S18-P8

837 S1ex-FC

838 SIiiX-1

B39 SI11X-1-VALVES
848 SI11X-FC

841 SI11XD6-1

842 SI12X-FC

843 SI13X-FC

844 ST1AX-FT

845 SI1SX-FC

846 SIRX-FC

847 SI21X-1

848 SI21X-1-VALVES
849 SI21X-FC

850 S121XD6-1
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FRILURE OF SI SIGNAL TO START RMR PLMO 31
FRILURE OF SI SIBGNAL TO START RHMR PUMP 32
NORWAL START SIGNALS NOT RECEIVED (LO LO 2004 S6 S
STEAM GENERATOR LO LO LEVEL LOGIC (1004) FRILS
NO OPERATOR ACTINN TO ACTUATE SWN PUMPS
SWITCH SELECTOR IN WRONG POSITION

SW PUMP 34 NOT ACTURTED FOLLOWING LDOP

SW PUNP 34 NOT ACTURTED FOLLOWING LOOP - FOR DGS ONLY
SW PUMP 35 NOT ACTURTED FOLLOWING LOOP

SW PUMP 35 NOT ACTUATED FOLLOWING LOOP- FOR DBS ONLY
SW PUMP 36 NOT ACTURTED

S PUMP 36 NOT ACTUATED - FOR DBS ONLY

MANUAL ACTURTION OF SW PUMP 36 FAILS

MANUAL IMITIATION OF SWN 36 FRILS

BISTRABLE (PC 948F) RELAY FAILS TO CLOSE.
BISTRBLE (PC 948E) RELAY FAILS TO CLOSE,
BISTRBLE (PC 948D) RELAY FAILS TD CLOSE.
BISTABLE (PC ASSE) RELAY FRILS TO CLOEE,
BISTRBLE (PC 456E) RELAY FRILS TO CLOSE.
BISTRBLE (PC AS7E) RELAY FRILS TO CLOSE.

MAN. DEFEAT SWITCH FAILS OPEN,

RUTOMATIC WASTER R, SI-1,FRILS TO CLOSE.

DC POMER FUSES FAIL.

NO OPERATOR ACTION.

SHORT ACROSS RESET P.B.2. (RESET R.ENERGIZES.).
BISTRBLE (PC 948F) RELAY FAILS TO CLOSE.
BISTRBLE (PC 948E) RELAY FAILS TO CLOSE.
BISTRBLE (PC 348D) RELAY FRILS TO CLOSE.
BISTABLE (PC 4SSE) RELAY FAILS TO CLOSE.
BISTRBLE (PC 456E) RELAY FRILS TO CLOSE.
BISTRBLE (PC ASTE) RELAY FRILS TO CLOSE.

WAN. DEFEAT SWITCH FAILS OPEN,

RUTOMATIC MASTER R, SI-2,FAILS TO CLOSE.

DC POMER FUSES FRIL.

NO OPERATOR ACTION.

SHORT ACROSS RESET P.B.2. (RESET R,ENERGIZES. ).
RELAY FAILS TO CLOSE.

RELAY SI11X DOES NOT PROPAGATE SIAS SIGNAL
LOSS OF SIS FROW RELAY SI-11X

RELAY FAILS TO CLOSE.

L0OSS OF SIS FROM RELAY SI-11X — FOR DGS ONLY
RELAY FAILS TO CLOSE.

RELAY FAILS TO CLOSE.

RELAY FAILS TO CLOSE.

RELAY FAILS TO CLOSE.

RELAY FRILS TO CLOSE.

RELAY SI21X DOES NOT PROPAGATE SIAS SIGNAL
LOSS OF SIS FROM RELAY SI-21X

RELAY FAILS TO CLOSE.

LOSS OF SIS FROW RELAY SI-21X -- FOR DGS ONLY



851 Sl22X-FC
852 SI23x~+C
853 Sl2éx-FC
854 SI2SX-C
855 SIB1-F0

856 SIBR-F0

857 SIBK1-LF
858 SIBK2-LF
859 SIDI+C

860 SIDR-FC

861 SINI-FC

862 SIMe-+C

863 SIPHRSER-INT
864 S.PHASER
865 SITR1-SE
866 SITRe-S5E
867 SJ——LF
868 SL-CT12-F
869 SL-CT1331-LF
870 SL-CT133RF
871 SL-CT1333-LF
872 SWR34-A

872 SWR3A-A-INT
874 SIS

875 SWIS-A-INT
876 SW3E-HA

877 SWR36-A-INT
878 SWR3S-A-INT

879 SWdA2-A-CONTROL

850 SWlA2-f-INT

881 SWdA3-A-CONTROL

BB2 SWd43-A-INT
883 SWd44-A
884 SWRASH
885 SWME-A
886 SW37-R

887 SN3T-A-INT
888 SWITR-A-INT
889 SWab-H

AR SWa7-R

891 SWaB-A-INT
892 SWAS-A-INT
893 SW51-A

894 SWS1-A-INT
895 SWSe-A

896 SWSe-A-INT
897 SW6A-A-INT
898 SWo@B--INT
899 SWAR1-A- INT
900 Swhlc-A- INT
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RELAY FRILS TO CU

RELAY FAILS TO CLOSE.

RELAY FRILS TO CLOSE.

RELAY FRILS TO CLOSE.

BLOCKING R. SIB! FRILS OPEN.

BLOCKING R, SIB2 FRILS DPEN.

SWITCH 1-SIB IN BLOCKING POSITION (SHORTS),

SWITCH 2-S1B IN BLOCKING POSITION (SHORTS).

RELRY FAILS TO CLOSE.

RELAY FAILS TO CLOSE.

MANUAL MASTER R, SIMI,FRILS TO CLOSE.

MANUAL MASTER R, SIM2,FRILS TO CLOSE.

CONT, ISOL. PHASE A INTERNAL FRILURE - RELAY FRILURE
SIGNAL OF CONTAINMENT ISOLATION PHASE B

TEST R. TRI-1 SPUR. ENERSIZED.

TEST R. TR1-2 SPUR. ENERGIZED.

NOIFF BFP SEAL INJECTION WATER SYSTEM DUE TO LOCAL FRILUAES
NOIFF SEAL WATER HEADER TO CONDENSATE PUMPS LOCAL FRILURE
NOIFF SEAL WATER HEADER TO CONDENSATE PUMP 31 LOCAL FRILURE
NOIFF SERL WATER HEADER TO CONDENSATE PUMP 32 LOCAL FAILURE
NOIFF SEAL WATER HERDER TO CONDENSATE PUMP 33 LOCAL FRILURE
NOIF SERVICE WATER TO D6 JACKET/LUBE OIL HX §

BLOCKAGE IN D631 JACKET/LUBE QIL HX SEGMENT

NOIF SERVICE WATER TO D6 JACKET/LUBE OIL HX §

BLOCKAGE AT DB3e HX'S

NOIF SERVICE WATER TO D6 JACKET/LUBE OIL HX §

BLOCKAGE AT DB33 SW HX'S

BLOCKAGE AT SW RETURN FOR DE'S 31 ¢ 2

FAILURE TO DEPRIVE FCVI176 OF AIR; CONTROL FRILURE

FAILURE OF FCV1176 TO OPEN ON LOSS OF AIR

FRILURE TO DEPRIVED FCVI176A OF ALR; CONTROL FRILURE
FRILURE OF FCV1176A TD OPEN ON LOSS OF AIR

BLOCKAGE IN SW RETURN FROM D6'S

BLOCKAGE IN SW RETURN FROM DG'S

BLOCKAGE IN SW RETURN FROM DG'S

NOIF SERVICE WATER AT QUTLET OF HX 31

LOCAL FAULT AT INLET OF CCw HX 31

LOCAL FAULT OUTLET OF CCW HX 31

NOIF Sk RETURN SEG 46

BLOCKAGE IN SW RETURN

INT FAULT BLOCKING FLOW REG BYPASS (INST AIR HX SW OUTLET)
BLOCKABE IN FLOW REG SEGMENT (INST AIR HX SW OUTLET)

NOIF SW TO COOLING WATER HX 31 - FROM SW FT

BLOCKAGE AT OUTLET OF INST AIR HX 31

NOIF SW TO COOLING WATER HX 32 - FROM SW FT

LOCAL BLOCHAGE AT OUTLET OF IAIR HX 32

SW BLOCKAGE IN CCS HX 31

SW BLOCKABE IN CCS HX 32 SEGMENT

FAILURE IN SEG SUPPLYING SW HEADER FOR CIRC WATER PMPS AND SCR
FAILURE IN HERADER SUPPLYING CIRC WATER DUMPS AND SCREEN WASH



N1 506

W WA

W3 WAL INT
R4 SWRLL-A

05 SWAL1-A-INT
W6 SWR12H

07 SWAi2-A-INT
N8 SWR13-A

9 SAL 3 INT
318 SwRie-A

911 SWALA-A-INT
912 SWRISHR

913 SWAIS-A-INT
F14 SWCRSA-INT
915 SHC1-R-INTF
316 SWCIR-R-INT
917 SHC18R-A-INT
918 SWCI9C-A-INT
919 SIC11-A-INT
329 SWCI3-A-INT
R1 SWCIS-A-INT
322 SWC16-R-INT
3 SUC17-A-INT
324 SWC1B-A

325 SHC18-A-INT
36 SWC18A-A-INT
7 SHC2-A-INT-F
928 SWC3-A-CONT
39 SWCIA-INT-F
330 SWCA-A-INT
931 SWCE-A-INT
332 SWCBA-R-INT
933 SHCT7-A-INT
934 SWCB-A+INT
335 SWCI-A-INT
336 SN A INT-F
337 SWN13-R-INT
938 SWN14-A-INT
339 SHNIS-A- INT
49 SWN17--INT
41 SWNIB-A-INT
942 SWN1S-A-INT
943 SNe-A-CONT
944 SN INT-F
945 SHNOR-A- INT
946 SWN2 | -A-INT
947 SWN3-A-CONT
348 SWNI-R-INT-F
949 SHNA-A-INT
950 SHNE-A-INT
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INTRKE SCREEN PROBLEM INCLUDING FREEZING

FRILURE OF SEG DELIVERING SW FROM HERDER TO CIRC Ao 3
BLOCKAGE IN SEG OR PCV 1186 FAILS CLOSED

FRILURE OF SEG DELIVERING SW FROM HERDER TO CIRC PP 35
BLOCKAGE IN SEG OR PCV 1185 FAILS CLOSED

FAILURE OF SEG DELIVERING SW FROM HERDER TO CIRC PMP 34
BLOCKAGE IN SEG OR PCV 1184 FAILS CLOSED

FRILURE OF SEG DELIVERING Sw FROM HEADER TO CIRC PMp 33
BLOCKAGE IN SEB OR PCV 1183 FAILS CLOSED

FAILURE OF SEG DELIVERING SW FROM HERADER T0 CIRC Pmp 32
BLOCKAGE IN SE6 OR PCV 1182 FAILS CLOSED

FRILURE OF SEB DELIVERING SW FROM HEADER TO CIRC PP 31
BLOCKAGE IN SE6 OR PCV 1181 FRILS CLOSED
BLOCKAGE OR VALVE CLOSURE IN SEB C5

FRILURES IN PUMP SEGMENT ITSELF (SWP33)

LOCRAL FAULT CON SW SEB Ci@

LOCAL BLOCKAGE SEGMENT C10R

LOCAL FAULT CON SwW SES C1OC

LOCAL FAULT CON SW SEG Cil

LOCAL FAULT CON SW SEB 13

LOCAL BLOCKAGE SE6 CIS

LOCAL BLOCKABE SEG C16

LOCAL FAULT SEG C17 (BET. CCW HI'S)

NOIF SERVICE WATER AT OUTLET OF WX 3

LOCAL FAULT SEG C18

LOCAL FAULT OUTLET OF CCW KX 32

FRILURES IN PUMP SEGMENT ITSELF (SWP32)

PUMP FRILS TO START - STAND-BY PUMP

FRILURES IN PUMP SEGMENT ITSELF (SWP31)

LOCAL FAULT CON SW SUPPLY HEADR

LOCAL FAULT CON SW SE6 C6

BLOCKABE OR FCV1112 ALIGNED CLOSED

LOCAL FAULT CON SW SE6 C7

LOCAL FAULY CON Sw SEG C8

LOCAL FAULT CON Sw SEB C9

FRILURES [N PUMP SEGMENT [TSELF (SWP36)

LOCAL FAULT IN NUC SW PIPING SEGMENT N13

LOCAL FRAULT IN NUC SW PIPING 7O KX 31

LOCAL BLOCKAGE OF SEB NIS

LOCAL FAULT NUC SW SEB N17

BLOCKAGE OF NSW TD D633

BUOCKABE AT SEGMENT SUPPLYING SW T0 DG'S 31 ¢ X

PUMP FAILS TO RESTART EVEN THOUGH MODE 0K

FRILURES IN PUMP SEGMENT [TSELF (SWP35)

INTERNAL BLOCKAGE BETWEEN SUPOLY AND DB32 HX'S
BLOCKAGE AT SEGMENT SUPPLYING SW 70 D6 31

PUMP FRILS TO RESTART EVEN THOUGH MODE 0K

FAILURES IN PUMP SEGMENT [TSELF (SWP34)

LOCAL FAULT NSW SUPPLY HEADER

LOCAL FRULT NUC SW SEG N6



351 SWNT-R-INT
350 WNE-A-INT
55 WNSA-INT
95 SWNORWALIBN
955 SWNX1A-R-INT
956 SWNX15-R-INT
957 SWTR1-A-INT
358 SWTE-A-INT
959 SWT12-A-INT
6@ SWT13-R-INT
%1 SWTI4-R
%62 SWT14-A-INT
%3 SNWTIS-A
964 SWTIS-H-INT
365 SWT16-A-INT
966 SWT27-R-INT
%7 SWTS2-A-INT
968 SWTSE-A-INT
%69 SWTOHE-A-INT
370 SWTEMR-A
371 SWTHE-R
972 SWTBLI-R-INT

973 SWTB-A-CONTROL

974 SWIee-A-INT
575 SWTB3-A
576 SWTBA-R
977 T85~—-
978 TR-LDOP
979 TR-SP
962 TRET19-OTHER
981 TRET1®A
982 TRET196
983 TRETIOH
984 TRET1O!
985 TRET11A
986 TRETLIB
987 TRET1IC
988 TRETIIF
969 TRET116
990 TRET!IH
99! TRET1iI
592 TRET12A
993 TRET12D
9% TRET1ZE
995 TRETI2F
9% TRETIZE
997 TRETI2H
998 TRETTA
999 TRETTD
1009 TRETTE
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LOCAL FAULT NUC SW SE6 N7

LOCAL FAULT NUC SW SEG N8

LOCAL FRULT NUC Se SE6 N9

NOIF CON 5§ TO INLET OF IRIR HX 32

LOCAL FAULT NUC W SEB NX14

LOCAL FRULT M SW SE6 NXIS

BLOCKAGE OR PERMAPS INAPPROPRIATE PRESSURE RELIEF
BLOCKAGE IN FCVI179 DR LOCAL VALVES

BLOCKAGE IN SEB 12

FAILURE IN SEG SWT13 SUPPLYING BFPAT LUBE 0TL COOLERS
NOIFF SW TO BFP AND TURB LUBE OIL COOLER - BFP 31
BLOCKRGE IN WX COOLER A OR VALVES

NOIFF SW TO BFP AND TURB LUBE OIL COOLER - BFP 3¢
BLOCKABE IN HX COOLER B OR VALVES

BLOCKAGE IN RETURN SEGMENT

BLOCKAGE IN SEB T27

BLOCKAGE IN SE6 %

BLOCKAGE IN SEE 56

BLOCKAGE IN SEG TS8 (SUPPLY TO CLOSED CODLING SYSTEM HX'S)
NOIF SERVICE WATER FOR MX. 31,

NOIF SERVICE WATER FOR HX. 32.

BLOCKAGE BEFORE FL.OW REG SEGMENT

CONTROL SI6 TO CCS SW FLOW REG VALVE FRILS 7O LOW FLOW
BLOCKABE IN CCS Se FLOW REG VALVE

FLOW REG BYPASS CLOSED OR BLOCKED

BLOCKED SW RETURN

FAILURE OF TURBINE GLAND SEALING STEAM CONDENSER
LOSS OF OFFSITE POWER TRANSIENT

SPURIOUS SAFETY INJECTION SIGNAL

MISCELLANEOUS CORE POMER EXCURSION

BORON DILUTION ACCIDENTS.

COLL WATER ADDITION

EXCESSIVE LOAD INCRERSE

POSITIVE REACTIVITY INSERTION

CLOSURE OF ALL MSIV'S

INCREASE [N FEEDWATER FLOW IN ONE STEAM GENERATOR
INCREASE IN FEEDWATER FLOW IN ALL 56'S

THROTTLE VALVE CLOSURE/EHC CONTROL PROBLEMS
GENERATOR FALLTS OR GEN TRIP

MISC TURB-GEN ACCIDENTS

TURBINE TRIPS

CONTROL ROD PROBLEMS

SPURIOUS AUTO TRIP

OPERATOR ERROR CAUSING TRIP

MANUAL TRIP RESULTING FROM FALSE SiGWAL

SPURIOUS TRIP-CAUSE UNKNOMWN,

PRIMARY SYSTEM PRESSURE, TEMP, POWER IMBALANCE
-EEDWATER BREAK

FiW FLOW INSTABILITY- OPERATOR

FW FLOW INSTABILITY- MECHANICAL
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1001 TRETTH OTHER SECONDARY LERKAQGE.

188 TRETBA TRIP OF DNE WSIV,

1003 TRETEE TRIP OF TN OR THREE MSIV'S.

1004 TRETBC PARTIAL CLOSURE OF ONE OR WORE MSIV':.
1895 TRETAD LOSSES OF STEAM FLOW OTHER THAN MSIV TRIP

1006 TRET9R-F LOSSES OF COOLANT FLOW OTHER THAN CCW- FROM TRANSIENT T



150

APPENDIX C
ANNOTATED MINIMAL CUTSET TABLES

Annotated lists of the leading minimal cutset for each of the following
sequences/systems can be found in a jacket at the end of this report. Each
sequence/system minimal cutset table is printed on a separate microfiche and
therefore need not be placed in any specific order. Each minimal cutset table
can be distinguished from the other microfiche as these all carry the name CHU
in the heading.

Transient Initiator (T)

Auxiliary Feedwater System Failure Given Transient (L)
Auxiliary Feedwater System Failure Given LOCA (L)
Transient and Auxiliary Feedwater System Failure (T * Ly)
High Pressure Injection Failure Given Small LOCA (U2)
High Pressure Injection Failure Given Medium LOCA (U,)
Transient-Induced RCP Seal LOCA (S,(P))

Transient-Induced RCP Seal LOCA and Failure of Auxiliary Feedwater
(Sa(P) * L)

Transient-Induced RCP Seal LOCA and Failure of High Pressure
Injection (S,(P) * Uyp)

Pressurizer LOCA (S,(Q))
Pressurizer LOCA and Failure of Auxiliary Feedwater (S,(Q) * L)
Pressurizer LOCA and High Pressure Injection Failure (S,(Q) * U,)

Low Pressure Injection Failure Given Medium or Large LOCA (D)
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APPENDIX D

PRIMARY EVENTS/OPERATOR ACTIONS




PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

SYSTEM:  Low Pressure Injection (LPI)
Pt PE REVIEW ' STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULGS ACTION OPERATOR RESPONSE 10 PE
EPA 11-T 4
EPA 14-T 4
EPD 02-01 4
EPD 03-01 4
LPOO1-A Pipe from XV846 to 1 LT 920 fails low Shut 882 Assure water in con-
MOV 882 Shift to sump recirc if tainment sump - shift
water is available in to sump recirc
sump (PEP ES-1A) (PEP-ES-1A)
LPOO2-A MOV 882 (DOF! ) 1 Same as above Same as above Same as above
Cv 881 (FTQ), Pipe
LPOO3-E Flow diverted, 2 None possible from con-
MOV 883 (LCFQ) or trol rm. Manually
BV 1863 (NOFO) override 883 and/or
1863 closed - shift to
recirc (PEP-ES-1A)
LPOOS-A MOV 744 (DOFC), 3 Loss of LPI fiow.

Cv 741 (FTO), or
pipe plugged

Restore correct valve
line up. If not possi-
ble, saift to use of
recirc pumps if water
is in recirc sump
(PEP-ES-1A)

REMARKS

RWST water supply
to LPI/RHR pumps.
PT 947 is redundant
indication of RWST
head 1f 1810 is
open

Loss of RWST supply

Assumes both valves
open. Pumps will
partially recircu-
late back to their
own suction. No
reason to open
these valves during
S1 mode.

No LPI fiowpath.
No reason for oper-
ator to shut these
valves during SI.

251



SYStem: _LPI (Cont'd)

't
DESTGNATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

o e T —

PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE

STIMULUS

ACTION

OPERATOR RESPONSE TO PE

LPOO6-A

LPO08-A

LPO10-A

MOV 745A or
MOV 7458 failure
(NOFC)

NOIFF thru HXS
cross tie -

MOV 1869A or
MOV 18698 (NOFC)

Cross tie blocked

2

Restore proper valve
line up.

One RHR HX 1s suffi-
cient, Otherwise no
action required.
(PEP ES-1A)

If only one fails - no
effect.

If both fail and RWST
is dry, shut 882 & 846.
Open 883 & 1863 and
pump containment sump
to SI suction - this
gives no cooling (Lose
RHR HX)

If cooling is neces-
sary, open PORV.
Depressurize system to
go on to LPI via RHR HX.
(PEP ES-1A)

If it is necessary to
both spray containment
and pump to loops with
either 638 or 640
failed oper, the cross
tie is necessary if
flow is to be supplied
to all 4 loops - only
possible action is to
pump sump to RWST and
use normal spray pumps.
(PEP ES-1A)

T W TR

REMARK S

Loss of flow to #32
RHR HX.

On'y reason to shut
745 Aso s due to
HX problem (leak)
which would be con-
firmed prior to
isclation.

Only important in
recirc phase with HP
LPI or recirc pumps
supplying sump
water to S1 pumps.
Both valves would
have to fail to
cause any problem.
Valves would not be
shut unless HP
recirc was to be
terminated.

Passive - only
important if HCV
638 or 640 fail
open during recirc
containment spray.
Cross tie open is
more serious

prob lem.

€51



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

REMARK S

All components are

Same as above
Same as above

During normal line
up. This dumps
RWST into contain-

SYSIEM:  LPI (Cont'd)
43 PE REVIEW STIMULUS AND HUMAN ACTION CALSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULOS ACTION OPERATOR RESPONSE TO PF
o LPO11-A Cold leg 1 path 3 No action possible due
failure to presence of cross passive,
tie if failure is a
leak.
No action necessary if
failure is plugging
again due to presence
of cross tie.
LPO12-A Cold leg 2 path 3 Same as above
failure
LPO13-A Cold leg 3 path 3 Same as above
failure
LPO15-E MOV 885A and 1 LT 920 fails low during| Shift to recirc mode Shut 882 or 846.
MOV 8858 (NCFO). SI. RWST appears (if sump level is above Then close 485 A & B
empty. 47'2" elev) which opens and return to normal
885 ARB and dumps RWST line up (PEP ES-1A) ment sump.
to sump. (PEP ES-1A)
Flow diverted to 2 Shut MOVs (number

containment sump

unknown) fraom hot leg 2
to RHR pump suction.
Shut off RHR pumps.
(PEP ES-1A)

vS1l
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SYSTEM:

LPI (Cont'd)

re
DESTGNATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

e

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMILUS AND HUMAN ACTION CAUSING PE
STIMULUS ACTION

OPERATOR RESPONSE TO PE

REMARK S

LP-016A

LPO4A-A

LP-048-A

LPO7A-A

LPO7B-A

RHR pumps min flow
line plugged -

MOV 1873 or 743
FC-Assumption

RHR pump 31,
XV739A (MOFC),
XV735A (LOFC),
Cv738A (FT0), pipe

Same, pump 32
XV7398 (LOFR)
XV 7358 (LOFC)
Cv 7388 (FTO)

HEX 31 failures or
XV742 (LOFC)

HEX 32 failures

3

Shut down RHR pumps.
Repair problem,
Restart pumps as
needed, 1f RCS press
drops below shut off
head before min flow
line is cleared, imme-
diately restart pumps.
(PEP ES-1A)

Shut down affected pump
(PEP ES-1A)

Same as above

Place HX 32 in service.
One HX is sufficient
for ECCS loads. (PEP
£5-3)

Same as above

During SI with RCS
pressure above RHR
pump shut off head,
if min flow line 1s
blocked, pumps will
rapidly overheat

and be damaged.

Passive or locked

open manual valves.
Shut only to remove
pumps from service
for maint. or leak.

Same as above

651

High radiation on
RE-017 would sug-
gest possible tube
leak. Operator
would remove HX
from service after
verifying.

Same as above
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SYSTEM:

LPI (Cont'd)

PE
DESIGNATOR

Pt
DESCRIPTOR

REVIEW
CATEGURY

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE

STIMILUS

ACTION

OPERATOR RESPONSE TO PE

LPOSA-A

LP09B-A

LP14A-E

Failure of valves
and pipe from
HEX 31 to cross
tie MOV 8998)

Same as above,
HEX 32, MOV B99%9A

MOV-8898 (NCFO)

Z

~y

FT 945 fails low during
RHR contain spray.

FT 945A fails low dur-
ing RHR containment
spray

Valve fails shut or
leak resulting in valve
closure,

No action required -
all 4 loops are sup-
plied by cross tie and
normal path,

Restore system to
normal. (PEP ES-1A)

HCV 638 (640) fails
open.

If containment spray is
required shut 747 or
8998 (746 or B899A).
This provides back-
pressure raquired for
spray and supplies all
4 loops via cross tie
and normal path.

(PEP E£5-1A)

Valve fails open -
assure HCV 638 (640) is
fully open to minimize
undesired spray. Valve
fails shut - redundant
spray system no action
needed, Spray from
RWST and C5 pumps if
RWST has water.

(PEP ES-1A)

Same on both sides,
These are cate-
gory 2's because if
the operator shuts
any of the three
valves on affected
side - no increase
in spray flow will
suggest problem is
not cue to low
back-pressure.

Incorrect indica-
tion of containment
concitions could
cause opreator to
initiate or termi-
nate spray. How-
ever, redundant
information makes
this unlikely.

951



157

anoge se awes

_ S Adv Y

3d 01 ISNOJS3IY ¥O1VYIdO NOT1OV

aroqe se aweg

FI0VL NOTLOVAIND NVWOH Q1ONONT = (3d) INJAT AdVWIYd

14 v-2EuHY-3S
v V-1E8HY-3S
“147 pue
1dH 03 vouwod-adid
v 40 *(2407) 9v8AX ¥-2009%4
v Janpiey [SMY ¥-1009My
4 {049N) ¥688~AOW 3-geldl
SIS ABO931IV) HO141¥0530 YOIW9 IS0
Jd ONTSOYD NOLLIOV NVWOH ONV STHWELS MITATY id id
(P,3u6)) 141 *WIISAS



P — e —

e R — T e —— —— e P——— -—_—.,—--—-u-n—'—-—;—-—u-—--vj

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM:  HPI Small LOCA

PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE 10 PE REMARK S

ST ST —— f — — ——— e —

CCG601-A 4 Note: HP.,.items
are addressed under
HPl medium LOCA
(those listed as
Review Category 4)
CCG602-A
CCGB03A
EE-ATL Ambient low temp.
EPAOS-T
EPADT-T
EPALL-T
EPA22-T
EPA23-T
EPDO1-01
EPD02-01
EPDO3-01
HPOO1-A-INT
HPOO2-A-INT

HPDO3-A-INT

- =~ e L e o - o~ s s ow B
891













PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

SYSTEM:  HPI Smal) LOCA (Cont'd)

" i REVIEW STIMOLUS ANO WMAN ACTION CAUSING P
DESTGHATOR DESCRIPTOR CATEGURY ST US ACTION OPERATOR RESPONSE TO PE REMARK S
IfP,i-}Al()J-l;:i)Pf;{ S N o — - . -y -

HP3IAL24-T-INT 4
HP3IAL9L-T-INT 4
HP33IA192-T- INT '
P 33A193-T-INT 4
P 33A193-T-O0PER 4
P 33A194-T-INT 4
HP3IAZ2L-T-INT 4
P 33A222-T~INT ’
HP3IA223-T-INT 4
HP33A223-T-OPER a
1P 33AZ24-T-INT q
HP33A231-T-INT 4
WP IIA232-T- INT 4
WP 3IAZ33-T- INT 4
HP 374233 T-0PER 4
HP33A234-T- INT a

291



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE
STIMULUS ACTION

SYSTEM: HPI Small LOCA (Cont'd)
4 1 PE REVIEW
DESTGNATOR DESCRIPTOR CATEGORY
H16330-T | No power to EHT s
panel 33A
H1G340-T EHT failure of FF 3
oP 34
HT0352-LEF Elec, failure of 3
line 161 HT ckts
HT352-T-INT | Internal failure 3
of line 161 heat
tracing
RWGOO1-A 4
RWGOO2-A 4
SE-HPO31-A 4
SE-HPO32-A 4
SE-HPO33-A 4
S 11x-1 4
SI 21x-1 4

OPERATOR RESPONSE 30 PE

Restore power (PEP EL-1)
Institute maintenance
repair (PEP EL-1)

Institute maintenance
repair (PEP EL-1)

Institule maintenance
repair (PEP £L-1)

REMARKS

CCR alarm indicates
failure

CCR alarm indicates
failure.

CCR alarm indicates
failure

CCR alarm indicates
failure

£91
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE
STIMULUS ACTION

OPERATOR RESPONSE TO PE

SYSTEM: HPI MED LOCA (Cont'd)
"t PE REVIEW

DESTGNATOR DESCRIPTOR CATEGORY

HPOOZ-A-INT |Pump 31 internal 2
failure

HPOO3-A-INT |Pump 32 internal 2
failure

HPOO4-A-INT |[Pump 33 internal 2
failure

HPOOS5-A-INT [NOIF of pump 32 3

discharge header

Shutdown affected pump
and initiate mainten-
ance actions. Two
remaining pumps are
capable of supplying
full required HP1 flow
(PEP ES1-A)

Same as above

Same as above

Isolate pump 32 via
85/A & B and supply
flow requirements with
pump 31 if flow is to
be via BIT or 33 if
flow is direct to cold
legs

Fluctuations in
header flow or
pressure would not
identify any single
pump. Operator
might secure one
pump at a time to
identify problem
pump but would dis-
cover the real
problem during this
process and restart
pump .

Same as above

Same as above

Passive components

991






PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PE

Parallel valves make no

bypass BIT via line #56

SYSTEM: HPI MED LOCA (Cont'd)
Pt PE REVIEW STIMILUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMUS ACTION
HPOO7A-C-INT |lLeakage past NC 3 No action required
MOV 1852A since injection flow
would go to ccld leg
via BIT path
HPOO7B-A-INT |Internal failure 3 Parallel valve 1852A
of segment 78 makes no action
necessary
HPOO78-C~INT |Leakage past NC 3 same as HPOO7A-C-INT
MOV 18528
HPOOZC-A~INT |internal failure 3
of segment 7C action necessary
HPOO7D-A-INT |Internal failure 3 Same as above
of segment 70
HPOOZE-A-INT [Internal failure 2 If plugged or leaking
lof segment 7€
{this is an automatic
action of PEP ES-1A)
HPOO7F-A-INT |Flow diversion to 3 Manually shut 1846 if

V€S hold up
tanks - valve 1846

L N

. g

radiation levels permit

Only occurs if Sl
in progress and BIT

REMARKS

is being bypassed.

recirc or leakage
from bit during 5]

Same as above

This is a cate-
gory 2 rather than
a 1 since shutting
off BIT heaters
puts you into a
Tech Spec LCO

1846 is a manually
operated locked
closed valve

Only reason to shut
valves would be BIT

L91



PRIMARY CVENT (PE) - INDUCED HUMAN INTERACTION TABLE

If temp
tech

SYSTEM: HPI MED LOCA (Cont'd)
"t PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY ST S ACTION OPERATOR RESPONSE TO PE
HPOO7G-A-INT [ Valve 18518 inter- 3 Redundant valves. No
nal failure effect unless both fail
together, Both fail
closed on loss of 1A
' No action necessary
HPOO7H-A-INT | valve 1851A inter- 3 Same as above
nal failure
! HPOO7-HTP31-INT | Internal faults of 2 Restore heater
BIT heater 31 (ONOP EL-1).
drops below 145°
specs reguire shutdown
of Rx to hot shutdown
within 48 hrs. If
' >145° but one heater
i is out hot shutdown
, within 7 days
HPQO7-HTR32-INT | Internal faults of 2 Same as above
i BIT heater 32
1 HPO13-A-INT |Cold leg #2 injec- 1 High flow or low pres- | Operator concludes that | Most likely failure is
tion path failure sure indication in one LOCA is in the injec- line break down stream
injection line during tion line itself down- of isolation valve and
HPO14-A-INT |Cold leg #3 injec- 1 S1 stream of FT. He iso- downstream of FT
| tion path failure lates the line to resulting in LOCA, A
- FT 981 = CL2 prevent loss of water high “low/low pressure
HPOL5-A-INT |Cold leqg #1 injec- 1 980 = (L3 from SI out the sup- indication indicates
tion path failure 926 = CL1 posed break. ({(PEP such a leak.

PT 922 = Line press
(press. not likely to
cause problem)

ES-1A)

RO shuts
isolation valve for
affected loop and path
(PEP ES-1A)

T e e e

REMARKS

Open only to recirc ;
BIT

Same as above

With ng BIT heat,
boric acid will
solidify plugging
bit.

This is a Cate-
gory 2 rather than
a2 1 since shutting
off bit heaters is
4 tech spec LCO.

Same as above

891

This path bypasses
BIT



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMUILUS AND HUMAN ACTION CAUSING PE

SYSTEM: HPI MED LOCA (Cont'd)
l re PE REVIEW
‘ DESTGHATOR DESCRIPTOR CATEGORY STIMOLS
| HPO17-A-INT |Cold leg #2 injec- 1 Same as above
1 tion path failure
] FT 925 = (L2
| HPO18-A-INT |Cold leg #3 injec- 1 926A = (L3
r tion path failure 924A = CL1
) PT 922 line pressure
t HPO19-A-INT |[Cold leg #1 injec- 1
ﬁ tion path failure
1 HPOZA-A-INT |VYalve B49A, 850A, 3
~ or B48A fails
: closed
|
ﬁ
i
l
[ HPO2A-C-INT |Segment 2A CKV 3
! ‘849A reverse flow

HPO3A-A-INT |MOV B&7A, 8878 2

fails closed

|

ACTION

OPERATOR RESPONSE 10 PE

Operator concludes that
LOCA is in the injec~
tion line itself down-
stream of FT. He iso-
lates the line to
prevent loss of water
from SI out the sup-
posed break.

(PEP ES-1A)

Most likely failure 15
line break downstream

of isolation valve and
downstream of FT result-
ing in LOCA. A high
flow/low pressure indi-
cation indicates such a
leak. RO shuts isola-
tion valve for affected
loop and path (PEP ES-1A)

No flow increase in
response to 51 pump 31
start. If B48A indica-
tion of pump cavita-
tion. [f 849A or 850A
indication of high flow
on F1 950 (recirc te
RWST). Shut off pump
SI 31. Restore proper
line up - restart pump
(PEP ES-1A)

Operator may not diag-
nose the problem

Shut off S1 32

897 A and B
Restart SI 32 (not
addressed by ONOP or
PEP)

This path goes
through BIT

Passive - valves
are locked open
manually operated

Assumes SI 33 not
running and dis-
charge path is via
BIT

Only affects SI 32
pump cavitates (low
suction pressure).
In recirc mode 887
prevents water loss
due to break down
stream of 84BA or B

691
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SYSTEM: _HP1 MED LOCA (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGMATOR BESCRIPTOR CATEGORY STIMULUS ACTEHON
HPOAA-A-INT | Valve 8498, 8508, 3 -

or 8488 fails
closed
HPO4A-C-INT | Segment 4A CKV 3

8498 Reverse flow

HP33A061-T-INT | Failure of local 3
controls EHT PNL
33A CKT &

HP33A062-T-INT | EHT PNL 33A CKT 6 3
Primary tracing
fails

HP33A063-T-INT | Internal failure 3
of EXT panel 33A
CKT 6 redundant
tracing

HP33A063-T-OPER| Operator fails to 5

align redundant
tracing

OPERATOR RESPONSE 10 PE
‘Same as HPOZA-A-INT for
pump SI 33

Operator may not diag-
nose the problem

Institute maintenance
repair (ONOP EL-1)

Operator aligns redund-
ant circuit and insti-
tutes maintenance
repair (ONOP EL-1)

Institute maintenance
repair (ONOP EL-1)

Align redundant tracing
{ONOP EL-1)

REMARKS
Manual valves

Passive components

CCR alarm indicates
failure

CCR alarm indicates
failure

CCR alarm indicates
failure

0L1
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PRIMARY EVENT (PE) - INDUCED HWUMAN INTERACTION TABLE !
|
| SYSTEM: HPT MED LOCA (Cont'd) ]
I i
"t e REVIEW STIMILUS AND HUMAN ACTION CAUSING PE '
OLSTGNATOR DESCRIPTOR CATEGORY STIMILYS ACTION OPERATOR RESPONSE TO PE REMARK S
HPI3R064-T-INT | ENT PNL 33A (KT 6 3 - None - no indication
alarm failure will tell the operator ,
the alarm has failed '
HP3I3A111-T-INT |Failure of local 3 Institute maintenance CCR alarm indicates :
controls EHT repair (ONOP EL-1) failure 1
PNL 33A CKT 11 I
. I
HP33A112-T-INT |EHT PNL 33A CKT 11 3 Operator aligns redund- |CCR alarm indicates
l primary tracing ant circuit and insti- failure I
: fails tutes maintenance |
J repair (ONOP EL-1) :
l HP33A113-T-INT |Internal failure 3 Institute maintenance CCR alarm indicates f
of EHT PNL 337 repair {ONOP EL-1) failure
CKT 11 redundant
tracing
HP33A113-T-0OPER |Operator fails to 5 Align redundant tracing
align redundant (ONGP EL-1) —
tracing ~
t HP33A114-T-INT JEHT PML 33A CKT 11 3 None - no indication
alarm failure will tell the operator
the alarm has failed
HP33A121-1-INT |Failure of local 3 Institute maintenance CCR alarm indicates

icontrols EHT
PNL 33A CKT 12

repair (ONOP EL-1)

failure

R e e S N e W B



SYSTEM: WPl MED LOCA (Cont'd)

PRIMARY LVENT (PE) - INDUCED HUMAN INTERACTION TABLE

rE PE BEViEwW STIMULES AND MUBMAN ACTION CMUSING PE
DLSIGMATOR DESCRIPTOR CATEGORY STIMOLUS ATTON OPERATOR RESPONSE T0O PE REMARK S
WPI3A122-T-IT | EAT PAL 33A CKT 12 3 Operator aligns redund- |CCR alarm indicates
primary tracing ant circuit and fnsti- failure
fails tutes maintenance
repair (ONOP EL-1)
HP3IAL123-T-INT | Internal failure 3 Institute maintenance CCR alarm indicates
of EHT PNL 337 repair (ONOP EL-1) failure
CKT 12 redundant
tracing
HP3I3AL123-T-OPER | Operator fails to < Align redundant tracing
align redundanmt {ONOP EL-1)
tracing
HP3I3A-128-T-INT | EMT PRL 33A CKT 12 3 None - ng indication . .
alarm failyre will inform the oper-
ator that the alarm has
failed
HP33A191-T-INT [Failure of local 3 Institute maintenance CR alarm indicates
controls EWT repair [ONOP EL-1) failure
PRL 334 OKT 19
HP33A192-T-INT |EWT PML 332 OXT 19 3 Operator aligns redund- |C{CK alarm indicates
primary tracing ant circuyit and insti- failure
farls tutes maintenance
repair (ONOP EL-1)
#P33A193-T-INT |Internal failure 3 Institute maintenance CCR alarm ingicates

repair (ONOP EL-1)

failure

2L




SYSTEM:

HPI MED LOCA (Cont'd)

Pt
DESTGRATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMILUS AND HUMAN ACTION CAUSING PE

STIMILUS

ACTION

OPERATOR RESPONSE TO PE

HPI3A193-T-OPER

HP33A194-T-INT

HP33A221-T-INT

HP33A222-T-INT

HP3I3A223-T-INT

HP33A223-T-0PER

HP33A224-T-INT

Operator fails to
align redundant
tracing

EHT PNL 33A CKT 19
alarm failure

Failure of local
contrals EHT
PNL 33A CKT 22

EHT PNL 33A KT 22
primary tracing
fails

Internal failure
of EHT PNL 33A
CKT 22 redundant

tracing
Lperuor fails to

align redundant
tracing

JEHT PRL 33A CKT 22
alarm failure

5

wm

Align redundant tracing
(ONOP EL-1)

None - no indication
will inform the oper-
ator that the alarm has
failed

Institute maintenance
repair [(ONOP EL-1)

Operator aligns redund-
ant circuit and insti-
tutes maintenance
repair (ONOP EL-1)

Institute maintenance
repair (ONOP EL-1)

Align redundant tracing
(ONOP EL-1)

None - no indication
will inform the oper-
ator that the alarm has
failed

REMARKS

CCR alarm indicates
failure

CCR alarm indicates
failure

CCR alarm indicates
failure

€L1



PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

REMARK S

kca alarm indicates

CCR alarm indicates

CCR alarm indicates

1ZA¢

CCR alarm indicates

SYSTEM:  HPI MED LOCA (Cont'd)
" Pt REVIEW STIMAUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE 10 PE
WP33A231-T-INT | Failure of local 3 I | Inctitute maintenance
controls EHT repair (ONOP EL-1) failure
PNL 33A CKT 23
HP3JAZ232-T-INT | EHT PNL 33A CKT 23 3 Operator aligns redund-
primary tracing ant circuit and insti- failure
fails tutes maintenance
| repair (ONOP EL-1)
HP33A233-T-INT | Internal failure 3 lnst'itute maintenance
of EHT PNL 33A repair (ONOP EL-1) failure
CKT 23 redundant
tracing
HP33A233-T-0PER | Operator fails to 5 Align redundant tracing
align redundant (ONOP EL-1)
tracing
HP33A234-T-INT JEHT PNL 33A CKT 23 3 None - no indication
alarm failure will inform the oper-
ator that the alarm has
failed.
HTG330-T No PWR to EHT 3 Restore power (ONOP EL-1)
PNL 33A failure
RWGOO1-A 4
RWGDO2-A 4
SEHPO31-A 4
SEHP032-A 4
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SYSTEM:  Pressurizer (PIR)

43
DESTGNATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

R RN,

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HMAN ACTION CAUSING PE

STIMULUS

ACTION

OPERATOR RESPONSE TO PE

CC&l1000-A

EPADS-T-LSI
EPAQT-T-LSI
EPALL-T-LSI
EPALS-T-LSI
EPA2Z-T
EPAZ3-T
EPDOL-01
£P0O1-31
EPDO2-01
EPDO2-32
EPD2--
12601

No IFF in COW
Loop 2

4

P I R I R

S R A  — -—-—-—--————1

REMARK S

9.1



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Pressurizer (PZR) (Cont'd)
re REVIEW STIMILISS AND WIUMAN ACTION CAUSING PF
DESTGNATOR CATEGORY STIMULUS ¥ ACTION OPERATOR RESPONSE 10 PE REMARK S
LT459-A  |Probabiy RPS level | 3 Place L/460 in Defeat 1. |LT 459 is Channel 1.

channel fails low

Restore normal plant
conditions of letdown
and charging.

Take affected channel
out of service - Trip
all RPS trips from
affected channel (ONOP
RPC-1)

Automatic action

depends upon posi-
tion of L/460A. If
in Defeat 1 there
is no auto action
as a result of
failure high or
Tow,

Defeat 2 or 3
LT 459 fails low
1) Low level
alarm
2) Prir heaters
off
3) Letdown isc-
lation
4) Max Chg Pump
Speed
5) 1 Trip signal
needs 2/3

Defeat 2 or 3
LT 459 fails high
1) High level
alarm
2) Al przr
heaters on
3) Charging
Pumps to min
speed
4) 1 Trip sig-
nal - needs
2/3

Ll




PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Pressurizer (PZR) (Cont'd)

L PE REVIEW STIMILUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATLGORY STIMuLUS ACTION OPERATOR RESPONSE TO PE REMARK S

LT4%9-8 RPS Level channel 3 Switch to Defeat 3.
fails High Restore normal plant
conditions {ONOP RPC-1)

LT461-A RPS Leve)l sensor 3 Switch to Defeat 3. LT 461 is channel 3
fails low Restore normal plant in Defeat 1 LT 461
conditions (ONOP RPC-1) | low gives
1) tow level
alarm
2) Prazr heaters
off
3) Letdown
isclation
4) Max Chg Purp
Speed
5) 1 Trip sig-
nal - needs
2/
LT 461 High gives
1) High level s
alarm a;
2) Al prar
heaters on
3) Charge Pumps
to min speed
4) 1 Trip signal
needs 2/3
In Defeat 2 LT 461
Tow |
1) Low level .
alara -
2) Al prar
heaters off
3) Letdown iso-
Tation
4) 1 Trip signal




SYSTtM: Pressurizer (PZR) (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND NUMAN ACTION CAISING PE

STIMILUS

" PE - REVIEW
PLSTGNATOR DESCRIPTOR CATLGORY
LT461-A (Cont'd)| -
LT461-8 RPS Level channel 3
fails high
PTa56-A RPS Pressure chan- 3

nel fails low

ACTION

In all cases defeat the
affected channel and
restore plant condi-
tions to normal. Take
channel out of service.
Trip all RPS trips for
that channel.

Reactor trip and safety
injection functions are
independent of switch
position for all
channels. (ONOP RPC-1)

LT 461 high

1) High level
alarm

2) 1 Trip signal

PT-456 i1s Channel 12
In Defeat 1-4 or 3-4

Fails High

1) Open PCV 456
(poev) signal
prevented by
Ch 111

2) High Press
Alarm

3) One HP trip
signal

4) OTAT setpoint
increases

5) Unblock safety
injection

3
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SYSTEM:  Pressurizer (PIR) (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PC

g PE REVIEW STIMULUS AND TMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STiMLUS ! ACTION
PT456-A (Cont'd)
PT456-8 RPS Pressure chan- 3
nel fails high
PTas?-A RPS Pressure chan- 3

nel fails low

Same as above

Same as above

R,

REMARK S

fails Low

1) Low press
alarm

2) One LP trip
signal

3) 0747 setpoint
decreases

4) LP safety
injection 1/4
needs 2/4

Same as above

PT 457 is Channel 3
In Defeat 1-4 (no
function in any

other switch position)

Fails High g

1) PCV 455C arms
2) Spray valves

open
3) High alarm
4) Back up Htrs
off
5) Modulati
Heaters off
6) Unblicks SI

1
=



SYSIiM-  Pressurizer (PZR) (Cont'd)

PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TABLE

re P REVIEW STIMILUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMuLUS ACTION OPERATOR RESPONSE (U PF REMARE S
P1457-A (Cont'd) Fails Low ke
1) Low alarm
2) LP safety
injection 1/4 -
needs 2/4
3) Back up heaters
on
4] Modulating
Heaters Max
PT457-8 RPS Pressure chan- 3 Same as above Same as above
nel fails high
PT474-A RPS Pressure chan- 3 Same as above PT 474
nel fails low Fails High
Arms PORVs
Fails Low
Low press alarm
PT474-8 S Pressure 3 Same as above Same as above
channel fails high
PZBLKV-NOA ator does not 5 Same as above
lose block valve
2 Take manual control of

PILREF-A ﬂuxw contro)

system inputs low
{LRef) level
signal

PRIZR level - Restore .

level to program level
{ONOP RPC-1)

181
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PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

REMARK S

SYSIEM: Pressurizer (PIR) (Cont‘d)
e 43 REVIEW STIMULYS AND HUMAY ACTION CAUSING PE
DESIGRATOR DESCRIPTOR CATEGORY STIMAUS ACTION OPERATOR RESPONSE TO PE
PILREF -8 |Reactor 2 B
control system
tnputs high
(LRef) level signal
PIN23-A Motive nitrogen 1 Indication of leakage Operator shuts block Valve normally shut.
supply lost - PORV due to acoustic monitor | valve [(ONOP RCS-2) No action required.
PCV-455C fails tail pipe temp or valve Failure of one leaves
closed pasition one PORV operational,
PIN26-A Motive nitrogen 1 Indication of leakage Operator shuts block Valve normally shut,
supply lost - due to acoustic monitor | valve (ONOP RCS-2) No actian required.
PCV-456 fails tail pipe temp or valve Failure of one leaves
closed position one PURV operational.
PZOP1 Overpressurization 2 Shut associated block
|protection system valve (ONOP RCS-2)
inadvertent open
signal
P2200-0PN |PIR SRV fails open 3 Pressurizer steam space
LOCA initiate SI, Rx
Trip (PEP ES-1A)
PZ301-A ocal fault - PORV 1 Evidence of PORV Operator shuts block No action possible.
V-455C fails leakage valve (ONOP RCS-2) PCV-456 provides
closed protection.
PZ301-8 ocal fault opens 2 Steam space LOCA shut

block valve (ONOP RCS-2
and PEP £5-1A)

This causes one or
both PORVs to open

Operator can open
PORV but would have
ample redundant
instrumentation and
procedural
guidance.

281




PRIMARY EVENT (PE) - INDULED HUMAN INTERACTION TABLE

SYSIEM:  Pressurizer (PIR) (Cont'd)
"t 143 REVIEW STIMULUS AND BUMAN ACTION CAUSING PL
DLSTGHATOR DESCRIPTOR CATEGORY ST O ACTION OPERATOR RESPONSE 10 PE NEMARKS
PZJ,‘S.’TiN’ Local fault of 1 Evidence of PORV Operator shuts block No action pos‘sibl;.ﬂw ) En—lmo;téﬁr;'fau )
block valve leak age valve (ONOP RCS-2) Valve normally open valve fail shut
when PORY is needed
or fails open when
PORY also farls
open
PZ336-INT | Local fault of 1 Same as above Same as above Same as above Same as above
block valve
PI351-A Local fault - PORY 1 same as 301-A same as 301-A same as 301-A same as 301-A
PCV-456 fails
closed
P2351-8 Local fault opens 2 same as 301-8B same as 301-8 same as 301-8 same as 301-8
PORY PCV-456
P2356-8 Local fault in 3 Single channel failure PORY requires
pressure sensor does not open PORV but ? ¢hannels to be
channel can prevent it from nigh to open
opening. Other channel
remains cperative.
| No action required.
PZ400-0 Rupture of PIR 3 LOCA from cold leg or
spray line steam space depending
upon which side of the
spray valve
PI401-A Local fault - 2 | Control press using There are two
spray piping clogs heaters. Use aux spray |parallel valves
up if AT not too great.
{OHOP RCS-2)
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PRIMARY EVENT (PE} - INDUCED HUMAN INTERACTION TABLE

SYSIEM: Pressurizer (PIR) (Comt'd)
P Pt REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMOLUS ACTION OPERATOR RESPONSE TO PE REMARK S

PZ401-8 Local fault - one 2 Place controllers in Loss of RCS pressurizer
or more PIR spray manual and close, If control.
valves fail open not successful, then

remove fuses (ONOP
RCS-2)

PI501A Local fauit within 2 Manually energize heat- | Slow loss of
PIR heaters - No ers (ONOP RCS-2) pressure
heat ocutput

P2501-8 Local fault PZR 2 Take manual control of Spray can more than
heater power/ heaters. (ONOP RCS-2) keep up with heat-
control compo- ers.
nents - Raises
pressure

P2601-A Local fault within 2 Take manual control of A1) trips are
PIR press control heaters and spray. active
sys - lowers (ONOP RCS-2)
pressure

PI601-8 Local fault within 2 Same as above Same as above
PIR press conmtrol
sys - raises
pressyre

PI701-4 Local fault within 2 Take manual control of ANl trips active

PIR level control
system - lowers
level

charging pump speed.
Maintain program level.
{ONOP RCS5-3)

v81
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sysigM: Pressurizer (PZR) (Cont'd)

e
DESTGNATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TABLE

STIMILUS AND HUMAN ACTION CAUSING PE
STIMILUS ACTION

OPERATOR RESPONSE 10 PE

PZ701-8

RCPMO3- INT

RCPMOQ-INT

TRET98-F

(2

Local fault in PIR
level control sys-
tem causes high
level

Manual valves
I71C, 772C, 773C
FC for RCP 33
motor cooling

Manual valves
7710, 7720, 7730
for RCP 34 motor
lcoo ling

Losses of coelant
flow other than
CCW Jrom transient,

2

Take manual control of
charging pump speed.
Maintain program level.
(ONOP RCS-3)

REMARKS

All trips active

Loss of CCW to RCP
Motor Bearings

Same as above
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SYSTEM:  Charging (CV)

PE
DESTGNATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TARLE

STEMAUS AND HUMAN ACTION CAUSING PE

STIMULUS

CCGS00-A

C(GED4-A

CCGB0S-A

CVCHEDL

CVCHEQ2

CVCHEDD

CVCHEDS

NOIF COW ang city
water to (MG
pump 31 coclers

NOIF CCW and city
water to CHG
pump 32 coclers

NOIF CCW and city
water to CHG
pump 33 céolers

Level tranmsmitter
LT-112 fails.

Level controller
LC-1178 or control
circuit fail

Level controller
LC-112C or control
circuit fail.

Valve LCV11ZE
fails to open.

ACTION

OPERATOR RESPONSE 10 PE

REMARK S

Isolate charging and
letdown. (ONOP CVCS-2)

Isolate charging and
letdown. (ONOP CV(CS-2)

Isolate charging and
letdown. (ONOP CVCS-2)

Initiate boration via
makeup control or emer-

y boration valve.
ONOP €CVCS-2)

Operator cannot
cause an action
which would cause
the same effect as

Transmitters/Controllers

failing.

| This failure

assumes makeup from
RWST is necessary.
There is no oper-
ator action the
same as & valve not
opening when called
on to do so.
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PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

SYSTEM:  Charging {CV) (Cont'd)

PE PE REVIEW STIMULHS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMLUS ACTION OPERATOR RESPONSE TO PE REMARKS
o DC-; Loss of DE_;;Qer 4 e T E g
at level inst.
and controller
(supply not found)
EDAO4-T-LSI 4
EPALL-T-LSI 4
EPA14-T-LSI 4
EPA2L-T 4
EPA22-T 4
£EPDO1-01 4
EPDOL-31 4
£EPD0O2-01 4 —
v
EPDO3-01 4 o
1A601 4
PM--- No primary make up 3 Check P.W, pumps run-
water qoes to ning and valving
valve FCVI1IA aligned. Supply P.W.
to chg pumps via
FCV 110A 1f possible.
(ONOP CYCS-2)




T SN - B B B R B o - — - R — T I TIEIESEENSash.>>;,. R

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM:  Charging (CV) (Cont'd)

PL Pt REVIEW STIMUEL IS AND HUMAN ACTION CAUSING PE
DESTGHATOR DESCRIPTOR CATEGORY ST us ACTION OPERATOR RESPONSE TO PE REMARY S
T RCVOL-A-INT | Pipe, valve, Bt -k s Start #32 or #33 pump.
charging pump or (ONOP CVCS-1)
motor of train 31
fails.
RCVO2-A-INT | Same, train 32 3 Start #31 or #33 pump.
(ONOP CVCS-1)
RCVO3-A-INT | Same, train 33 3 Start #31 or #32 pump.
(ONOP CYCS-1)
RCVO5-A-INT | Valve 289 fails 3 Ensure #31 charging
closed pump is running or
secure charging and
letdown. (ONOP CVCS5-1)
RNGOOL-A No water available 4
from RWST
RNGDO2-A NOIF through RWST 4

161
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SYSTEM:  Letdown ((VL)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMILUS AND HUMAN ACTION CAUSING PE

ARCTION

e )

e Y KEVIEW
DESTGNATOR DESCRIPTOR CAIEGORY STIMULDS
" CCGI000-A  |NOIFF in CCW Lowp 4 .

2

CVLD-HU-01 |No op. action for 5
ex. letdown in
service

CVLEO! Control circuit 3

for valve PCV 135
fails

CVLO1-A-INT |Letdown isolation 1 FT-128 fails low
valves fail

CVLO2-A-INT |Regen. HX rupture 3

CVLO3-A-INT |Supercomponent 3
fails itself

CVLO4-A-INT [Cont. isolation 3

valves fail

Close LCV-459 & LCV-460

OPERATOR RESPONSE TO Pf

S—— N— —

Isolate charging and
letgown (ONOP CVCS-1)

Reduce charging pump
speed to min. Place
excess letdown in sery-
ice. (ONOP-CVCS-1)

Secure charging and
letdown (ONOP CVCS-1)

If failure obstructs
letdown flow secure or
reduce charging - use
excess letdown. If
failure is a leak iso-
late letdown and pro-
ceed as above.

(ONOP CVCS-1)

Secure cherging
{(ONOP CVCS-1)

S S —— e A oy

Uperator may sub-
sequently chuck RCP
seal injection f low
rates to confirm
low flow and then
reopen the valves
that were closed.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM:  CVL (Cont'd)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMILUS ACTION OPERATOR RESPONSE 10O PE
CVLUS-A-ITI_ Non-regen., HX 3 o F R Isolate charging and
fails letdown. (ONOP CVCS-1)
CVLO6-A-INT | Valves PCV 135 or 3 Isolate charging and
TCV 149 fail letdown (ONOP CVCS-1)
CVLOB-A-INT | Reactor coolant 3 Secure charging and
filter plugged letdown shift to excess
letdown and seal
injection. (ONOP CVCS-1)
CVLO9-A-INT | VCT fails 3 Letdown to waste system
as necessary. Charge
from blender.
Isolate VCT.
(ONOP CVCS-1/2)
CVL10-A-INT | Isolation valves 3 Secure excess letdown
213A or 2138 fail operations
to open (ONOP CVCS-1/2)
CVL11-A-INT | Excess letdown HX 3 Same as CVL10-A-INT
fails
CVL12-A-INT |valve HCV 123 3 Same as CVL10-A-INT
fails closed
CVL13-A-INT |LCV 112A mislead- 3 Conduct flow balance.
ing letdown flow Assure blended makeup.
to holdup tank. Set properly
(ONOP CVCS-2)
EPDOL-31 4
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM:  CVL (Cont'd)

PE Pt REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULLS ACTION OPERATOR RESPONSE TO PE REMARKS
_V_EPUDL’-JZ’ 4 i R A U NP -
[AGO1 4
LC460C-A Bistable fails 3 Place control switches
in open position.
(ONOP CVCS-1/2)
LT460-A 4
LT461-A 4
RCSTO9-A-INT 4q
PCSI 10 4
RCST 11-A-~INT 4
SIPHASEA-INT 4
SIPHASEB 4
TR-SPSI 4

vel
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PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TABLEF

SYSTEM:  Component Cooling (CCW)
e PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMuLbS ACTION
CCOOITB[;‘- CCW pump 31 train 2
blockage

CCOO1-A-INT | CCW pump 21 inter- 3
nal failure

CCOO1-A-RSTRT | CCW pump 131 fails 3

to resta: © -
internal failure

CCO02-A-BLK | CCW pump 32 train 2
blockage

CCO02-A-INT | CCW pump 32 inter- 3
nal failure -
includes failure
to start

CC003-A-BLK | CCW pump 33 train 2
blockage

CCOO3-A-INT | CCW pump 23 inter- 3

nal failure

e

OPERATOR RESPONSE TO PE

Start {d?e CCW pump
(ONOP CC-1)

Institute maintenance
procedures (ONOP CC-1)

Institute maintenance
procedures (ONOP CC-1)

Start idle CCW pump
(onoP CC-1)

Institute maintenance
procedures (ONOP CC-1)

Start idle CCW pump
(ONOP CC-1)

Institute maintenance
procedures (ONOP CC-1)

REMARK S

Multiple alarms and
indications needed
for stimulus

Entering into Tech
Spec LCO could
result in plant
load reduction

Entering into Tech
Spec LCO could
result in plant
load reduction

Multiple alarms and
indication needed
for stimulus

Entering into Tech
Spec. LCO could
result in plant
load reduction.

Multiple alarms and
indications needed
for stimulus

Entering into Tech
Spec. LCO could
result in plant
load reduction

TTIEES.
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PRIMARY CVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMILUS AND HUMAN ACTION CAUSING PE

STIMULUS

header fails

SYSTEM: _Component Cooling (CCW) (Cont'd)
e PE REVIEW
DESTGNATOR DESCRIPTOR CATEGORY
CCO03-A-RSTRT | CCW pump 33 fails 3
to restart -
internal failure
CCOD4-A-INT | Manual valve 766A 3
fails closed
CCO05-A-INT | Same as above, 7668 3
CCO06-A-INT | Same as above, 759C 3
CCO07-A-INT | Same as above, 7590 3
CCO08-A-INT | Failure of CCW 2
HX 32 leg
CCO09-A-INT | Failure of CCW 2
HX 31 leg
CCO10-A-INT |valve 766C or 3
7660 fails closed
CCO10-EE
CCO11-A-INT JLoop 1 return 3

ACTION

OPERATOR RESPONSE TO PE

Institute maintenance
procedures (ONOP CC-1)

Operate pumps and head-
ers split (ONOP CC-1)

Same as above
Same as above
Same as above

Isolate affected HX leg
and institute mainte-
nance procedures,

(ONOP CC-1)

Same as above

Operate headers split
(ONOP CC-1)

Loss of ore RHR HX.
Line up aiternate HX as
required. Investigate
other lost loads and
line up alternates.
(PEP ES-3)

REMARK S
Entering into Tech
Spec. LCO could
result in plant
load reduction,

Stimulus would
require increased
component tempera-
tures (multiple)
and/or decreas ng
surge tank level,

Same as above
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMmus

STIMULUS AND HUMAN ACTION CAUSING PE

ACTION

OPERATOR RESPONSE 10 PE

SYSTeM: Component Cooling (CCW) (Cont'd)
P PE REVIEW
DESTGNATOR DESCRIPTOR CATEGORY
.—Eibi}-A-INT Same as above, 3
Loop 2
CCD15-A-INT |HPI pump 31 oil or 3
Seal HX failure
CCO16-A-INT |Same as above, 3
pump 32
CCO17-A-INT |Same as above, 3
pump 33
CCO18-A-INT [Manual CCW valve 3
787 rails closed
CCO33-A-INT [Manual valves to 3
chg. pump 31 oil
coolers fail
closed
CCO34-A-INT |[Same as above, 3

lpump 32

Loss of one RHR HX,
Line up alternate HX as
required. Investigate
other lost loads and
line up alternates.
(PEP ES-3)

Shutdown the pump if
continued operation is
likely to damage the
pump (PEP ES-3)

Same as above.

Same as above

Same as above

Same as above

Same as above

REMARK S

FIC-634B indicating
low and alarming
could Tnduce the
operator to disable
HPI pumps 32 and 33.

FIC-634A indicating
low and alarming
could Induce the
operator to disable
HP1 pump 31

F1C-634B indication
low and alarming
could induce the
operator to disable
HP1 pumps 32 and 33.
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ACTION

SYSTEM:  Component Cooling (CCW) (Cont'd)
PE PE REVIEW STIMILUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMOLUS
CCO35-A-INT | Same as above, 3
pump 33
CCO36-A-INT |Manual valve 756 A 3
fails closed
CCO37-A-H | Operator fails to 5
align city water
CCO37-A-INT | Internal failure 3
of segment 37
CCO38-A-INT [Manual valve 7568 3
fails closed
CC-H Operator fails to 5
adjust CCW loads
CWOO1-A-INT IFailure of city 4
water supply to
CWOO2-A~INT [Internal faiiure -
of CT-49 segment
EPAB11 4
EPAB12 4

PRIMARY EVENT (PE) - INOUCED MUMAN INTERACTION TABLE

REMARK S

OPERATOR RESPONSE TO PE

Same as above

Monitor temps on charg-
ing pumps and supply
City water if necessary

Align city water

Alternately shutdown
charging pumps as tem-
perature limits are
approached, and repair
failure (ONOP (CC-1)

Monitor temps on charg-
ing pumps and supply
city water if necessary

Adjust CCW loads

Same as above

Procedure not
available, but
addressed in System
Description No. 29

Same as above

Same as CCO35-A-INT
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM:  Component Cooling (CCW) (Conmt'd)

e PE REVIEW STIMULUS AND WUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STImMLS ACTION OPERATOR RESPONSE TO PE
 epaela N A A,
EPADSG-T B
EPAQ7-T 4
EPALL-T a
EPDO3-01 4
NOTTR-SPSI |No Safety ‘Injec- 5 Start HP1 pumps
tion Signal manually if necessary
Present (PEP ES-1)
SE-CCS2P-A 4
SE-CCS31-A q
SE-CCS32-NOA 4
SE-CCS33-A 4
SWC18-A Ll
SW37-A 43
TR-SPSI 4
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PRIMARY EVENT (PE) - INDUCED HOMAXN INTERACTION TABLE

SYSTEM: Service Water

Pt PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMILUS ACTION OPERATOR RESPONSE 10 PE REMARKS
SWAOL-A-INT | Feilure in segment 3 Trip the reactor and Piping only - no
supplying SW the circ water pumps active components
header for circ (ONOP -RW-1)
water pumps and
screen
SWAO2-A-INT | Failure in header 3 Same as above Only an actual pipe
supplying circ break would induce
water pumps and the operator to
screen wash secure flow,
because the valves
are operated
locally.

SWADE Intake screen 3 Check bypass gates from | No logical operator
problem including circ water bay open (no | actions that can
freezing procedural ref but cause intake screen

addressed in system problem
description)
~n
SWA10-A-INT | Blockage in seg- 2 Open bypass valve There is both a low 8
ment or PCV 1186 (SWN-23) to supply seal | pressure alarm
fails closed water (ONOP RW-2) (PC 1195) and a Pl
(P1 1270) that
would have to fail
to induce operator
to this action.
They are inde-
pendent sensors.
SWA11-A-INT | Blockage in seg- 2 Open bypass valve Same as above
ment or PCV 1185 (SWN-21) to supply seal |except PC 1194 and
fails closed water (ONOP RwW-2) P1 1269




PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM:  Service Water (Cont'd)

Pt PE I REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR ACTION OPERATOR RESPONSE 10 PL REMARK S
SWA12-A-INT | Blockage in seg- Open bypass valve Same as above
ment or PCV 1184 (SWN-19) to supply seal | except PC 1193 and
fails closed water (ONOP RW-2) Pl 1268
SWA13-A-INT | Blockage in seq- Open bypass valve Same as above
ment or PCV 1183 (SWN-17) to supply seal | except PC 1192 and
fails closed water (ONOP RW-2) Pl 1267
SWA14-A-INT | Blockage in seg- Open bypass valve Same as above
ment or PCV 1182 (SWN-15) to supply seal | except PC 1191 and
fails closed water (ONOP RW-2) Pl 1266
SWA15-A-INT | Blockage in seg- Open bypass valve Same as above
ment or PCV 1181 (SWN-13) to supply seal | except PC 1190 and
fails closed water (ONOP RW-2) Pl 1265
SWCO5-A-INT | Blockage or valve Open valve SWN-5 to There are multiple
closure in Seg- supply water for circ independent indica-
ment C5 water pump seals and tions that would
screen wash from NSW have to fail to
header and close SWN-4 induce the cperator
(ONOP RW-2) to shut SWN-4 (circ
water pump seal
pressure alarms and
indicators, and
screen wash pres-
sure alarms and
indicators)
SWC10A-A-INT | Local blockage Open valve SWN-70 to Piping only - no
Segment C10A supply SW from NSW active components,
header and shut SWN-27 Will result in loss
(PEP ES-3 and ONOP RW-1) |of ccoling to 1A
heat exchangers

102



SYSIEM:  Service Water (Cont'd)

L
DESTGNATOR

 SWC10C-A-INT

SWC10-A-INT

SWC11-A-INT

SWC13-A-INT

PRIMARY EVENT (PE) - INDUCEE HUMAN INTERACTION TABLF

STIMULUS AND HUMAN ACTION CAUSING PE
ST oS ACTION

Segment 13

Pt REVIEW
DESCRIPTOR CATLGORY
Local fault Con SW 3
Segment 10C
Local fault Con SW 3
Segment 10
Local fault Con SW 3
Segment Cl1
Local fault Con SW 3

OPERATOR RESPONSE 10 PE

Check open SWN-27. If
that is open then
deduce that the segment
is blocked. Shut
SWN-27 and open SWN-70,
to supply SW from NSW
header. (PEP ES-3 and
ONOP RW-1)

Secure C5# supply to IA
heat exchangers, CR air
cond. units, and UGs,
and supply these SW
loads *rom NSW header
(PEP ES-3 and ONOP RW-1)

Secure CSW supply to CR
air cond. units and DGs
and supply these loads
from NSW header (PEP
ES-3 and ONOP RW-1)

Secure CSW supply to

DGs and supply DGs from
NSW header (PEP ES-3 and
ONOP RW-1)

REMARE

Will result in loss
of cooling to IA
heat exchanger 31.
Cnly an actual pipe
break would induce
the operator to
close SKN-27,
because it is oper-
ated locally.

Piping only - no
active components

Piping only - no
active components,
Results in loss of
CR, NC and DG
cooling

Results in loss of
all 0G cooling. No
rational event
could occur to
induce an operator
to close SWN-30
except an actual
pipe break, because
the valve 1s
locally operated.
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SYSTEM:

Service Water (Cont'd)

PE
DESTGNATOR

SWC15-A-INT

SWC16-A-INT

SWC17-A-INT

SWC18A-A-INT

SWC18-A-INT

PE REVIEW
DESCRIPTOR CATEGORY
— Local blockaq; 3
Segment C15
Local blockage 3
Segment C16
Local fault 3
Seg C17 (Bet. CCW
HXs)
Local fault outlet 3
of CCW HX 32
Local fault 3
Seg Cl18

STIMULUS AND HUMAN ACTION CAUSING PE
STIMULUS ACTION

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PE

Secure CSW supply to
CCW heat exchangers and
supply these lcads from
NSW header (ONOP RW-1)

Secure CSW supply to
CCW heat exchangers and
supply them from NSW
header (ONOP RW-1)

Blockage has no afrect,
Shut SWN 35 and 31.
Supply HX 31 via SWN 32
(ONOP RW-1)

If leak, continue to
pump, cortrol flooding
if blocked HX 31 will
carry CCW system.

Isolate HX 32. Carry
CCW loads on HX 31
(ONOF RW-1)

REMARKS
Piping only - no
active components.
Results in loss of
cooling to both CCW
heat exchangers

Results in loss of
cooling to both CCW
heat exchangers.
The onl, event that
would induce an
operator to secure
this flow path is
an actual pipe
break, since the
valyes are operated
locally.

€0¢
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SYSTEM:  Service Water (Cont'd)

Pt
DESTGNATOR

R — R —

PE
DESCRIPTOR

REVIEW
CATLGORY

STIMULUS AND HUMAN ACTION CAUSING PE

STIMULUS

ACTION

PRIMARY EVENT (PE) - INDUCED 1HUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PE

T SWN3-A-INT

SWC3-A-CONT

SWC4-A-INT

SWCHA-A-INT

Failures in pump
segment itself
(SWP 34)

Pump fails to
start - standby
pump

Local fault Con SW
supply header

Blockage or
FCV 1112 aligned
closed

3

Isolate segment (if
necessary) and start
non-running pump
(SWP 35 or 36) (ONOP
RW-1)

When tailure to start
standby pump is identi-
fied (e.g., due to
additional alarms on
equipment cooled by
service water), start a
standby pump (ONOP-RW-1)

Shut SWN-98, stop CSW
pumps 31, 32 and 33.
Start additional NSW
pumps and supply CSW
loads with NSW (would
require a lot of
valving) (ONOP RW-1)

If segment is blocked -
supply loads from NSW
pumps by opening
FCv-1111.

If valve is aligned
closed - attempt to
open FCV-1112 (ONOP
RW-1)

—— . B — R R —— i BN T TE TN N

Same as above

The standby SW
pumps will not
start automatic-
ally. They must be
started by the
operator either
locally or remotely
in the control
room,

Piping only - no
active components

S0¢

1. Vvalve is manual
local operation
only.

2. If supplying
the non-
essential
header, will not
Jeopardize
nuclear or
essential SW.




SYSTEM:

e
ODLSTGNATOR

SWLE-A~INI

SWC7-A-INT

SWCB-A-INT

SWC9-A-INT

SWNORMAL 1 GN

SWNX14-A-INT

SWNX15-A-INT

Service Water (Cont'd)

't
DESCRIPTOR
[ Local fauit Con SH
Segment (6

-

Local fault Con SW
Segment (7

Local fault Con SW
Segment (8

Local fault Con SW
Segment C9

NOIF Con SW to
inlet of IAIR
HX 32

Local fault NUC SW
Seg NXx14

Local fault in NUC
SW Seg NX15

REVIEW
CATEGORY

3

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE

STIMULUS

ACTION

OPERATOR RESPONSE 10 PE

Same as SWCA-A-INT
Same as SWC4-A-INT

Same as SWC4-A-INT

Shift CSW loads that
are lost to NSW header
and isolate CSW supply.

Shutdown NSW and supply
its loads with CSW

Same (NX14, NX15 and
NX13 all connected with
no valve for individual
isolation)

REMARE S
Piping enly - no
active components

Piping only - no
active components

Only real faults
(i.e., pipe break)
would cause aux
operator to close
SWN-98 because the
indications are
loca! (in area of
break 1f it
occurred)

Piping anly - no
active components

Piping only - ne
active components

Piping only - no
active components

R = S — T e ———
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SYSIEM: Service Water (Cont'd)

Pt e REVIEW
DESTGHATOR DESCRIVIOR CATEGORY
SWN13-A-INT |Local fault in NUC 3

SW Piping seg NI3
SWN14-A-INT |Local fault in KUC 3
SW Piping to HX31
SWN15-A-INT |Local blockage of 3
Seg N1§
SWN1/7-A-INT |Local fault NUC SW 3
Seg N17
SWN1B-A-INT [Blockage of NSW to 3
TDG 33
SWN19-A-INT lockage at seg- 3
ent supplying SW
to DGs 31 and 32
SWNZ0-A-INT |Internal blockage 3

tween supply and
32 Nxs

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMUILUS ARD HUMAN ACTION CAUSING PE
STIMULS ACTION

OPERATOR RESPONSE TO PE

Same as SWNX15-A-INT

Shutdown 1A equipment
cooled by HX3] - trans-
fer operations to other
equipment (ONOP RW-1
and PEP ES-3)

Shift DG and control
room cuoling to CSW

Shift DG cooling to CSW
neader (ONOP RW-1 and
PEP £5-3)

Shift DG cooling to CSW
header (ONOP RW-1 and
PEP ES-3)

Secure NSW to DG(s) and
line up CSW to supply
DG(s) (ONOP RW-1 and PEP
ES-3)

Same as above

REMARK S
Piping only - no
active components

No reason for oper-
ator to close
SWh=29 (NSW to
diesels) for faulty
indication.

The only time the
operator would
close cooling water
to DG would be real
fault (HX tube
leak) or
maintenance

|Piping only - no
active components

Same as SWNIS-A-INT

e e Ll i,
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SYSTEM:  Service Water (Cont'd)
it PE
OCSTGRATOR DESCRIPTOR
SWNZ1-A-INT | Blockage at seg-
ment supplying SW
to DG 31
SWN2-A-CONT | Pump fails to
restart even
though node OK
SWN3-A-CONT | Pump fails to
restart even
though mode 0K
SWNA-A-INT | Local fault NSW
supply header
SWNE-A-INT | Local fault NUC SW
Seq N6
SWN7-A-INT | Local fault NUC SW

Seg N7

REVIEW
CATEGORY

i a——

3

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE
STIMULUS

ACTION

OPERATOR RESPONSE TO PE

Same as above

Manually start the pump
(ONOP RW-1)

Manually start the pump
(ONOP RW-1)

Shut SWN-99, stop NSW
pumps that are running.
Supply NSW loads with
CSW. Shutdown unneeded
SW loads. (ONOP RW-1
and PEP ES-3)

Shut SWN-99, stop NSW
pumps that are running.
Supply NSW loads with
CSW. Shutdown unneeded
SW loads. (ONOP RW-1
and PEP ES-3)

Same as above

1 MARE S
Same as SWN/B-A-INT

The only way an
operator could
cause this PE is by
leaving the pump
controller in the
“pull to lock"
position which
would be a random
human error.

same as above

Piping only - no
active components

Piping only - no
active components

Piping only - no
active components

802



PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PE

SYSTEM:  Service Water (Cont'd)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION
" SWNB-A-INT | Loca) fault NUC SW i ¥,
Seg N8
SWN9-A-INT | Local fault NUC SW 3
Seg N9
SWTO1-A-INT |Blockage or per- 3
haps inappropriate
pressure relief
SWT02-A-INT |Blockage in 2

PCV 1179 or local
valves

Check SWN-99 open. [If
cannot reestablish NSW,
same as above (ONOP RwW-1
and PEP ES5-3)

Shut SWN-99. Close
FCV-1112 and open
FCV-1111 to supply NSW
loads with. Shift NSW
loads to CSW at each
individual load. (ONOP
RW-1 and PEP ES-3)

Conduct a normal plant
shutdown (ONOP-RW-1)

Manually open SWT-2
(bypass around
PCV-1179) to attempt to
re-establisn flow. If
flow cannot be estab-
lished, conduct a
normal plant shutdown
(ONOP-RW-1)

PEMARK S

Only real faults
(i.e., pipe break)
would cause aux
operator to close
SWN-99 because
indications are in
the area of the
piping.

Piping only - no
active components

Operator has no
control over reiief
valve SWT-8

Both PI 1185 and
the “Service Water
to Lube 0il Coclers
High Pressure”
alarm would have to
fail high to induce
the operator to
block this flow-
path, They are two
independent
sensors.

602
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PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TARLE

SYSTEM:  Service Water (Cont'd)

rt e REVIEW STIMILUS AND HOMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGIRY STIML U ACTTON OPERATOR RESPONSE TO PE
SWT12-A-INT |Blockage in Seq 12 3 Conduct a normal plant
shutdown (ONOP-RW-1)
SWT13-A-INT |Failure in Seg 3 Same as above

SWT13 supplying
BFPAT Lube 011
Coolers

Loss of one turbine
lube 01l cooler.
Monitor turbine L.0.
temps. Assure other HX
line up normal, (ONOP
AW-1)

SWT14-A-INT |Blockage in HX 3
Cooler A or valves

SWI15-A-INT |Blockage in HX 3 Same as above

Cooler B or valves

SWT16-A-INT |Blockage in return 3 Loss both turbine
segnent L.0. coolers. Shutdown
turbine. (ONOP RW-1)
SWT27-A-INT |[Blockage in 3 Shutdown all equipment
Seqg T27 supplied through
FCV-1111 or FCV-1112 as
it becomes necessary to
avoid equipment damage
(ONOP RuW-1)
SWI52-A-INT |Blockage in Seg 52 3 Shutdown systems cooled

by conventional clased
cooling system, as
required to avoid
equipment damage (ONOP
RiW-1)

REMARY S
Piping only - no
active components

Piping only - no
active components

Piping only - no
active components

Piping only - no
active components.
Would result in no
cooling available
to conventional
plant services

Piping only - no
active components.
No cooling availabe
to closed cooling
system heat
exchangers.

012
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SYSTIM:

43
DESTGNATOR

 SWT56-A-INT

SWTS8-A-INT

SWT6L A-INT

SWT62-A-CONTROL

SWI62-A-INT

SWT63-A

SWT64-A

I —

Service Water (Cont'd)

Pt
DESCRIPTOR

Blockage in Seq 56

Blockage in

Seg T58 (supply to
closed cooling
system HXs)

Blockage before
flow reg segment

Control Sig to CCS

SW flow reg valve
fails to low flow

Blockage in CCS SW
flow reg valve

Flow reg bypass
closed or blocked

Blocked SW return

REVIEW
CATEGORY

3

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE

STIMULUS

ACTION

OPERATOR RESPONSE TO PE

b—— e

Same as SWT 52-A-INT

Same as above

Same as above

Open bypass valve SWT-21
(ONOP RW-1)

Open bypass valve SWT-21
(ONOP RW-1)

Open it or take manual
control of TCV-1109 and
open it. (ONOP RW-1)

Shutdown systems cooled
by conventional closed
cooling system, as
required to prevent
equipment damage.
RiW-1)

{ONOP

REMARK S

Piping only - no
active components

Piping only - no
active components

Piping only - no
active components

Locally operated
system. False
indications can be
verified before
action is taken

Same as above

Piping only - no
active components

112



SYSTEm: _Service Water (Cont'd)

Pt
UESTGNATOR

SWO33-A-INT

SWO35-A-INT

SWO36-A-INT

PE
VESCRIPTOR
[ Blockage in 0G 31
Jacket/lube o1l HX
segment

Blockage at DG 32
HXs

Blockage at DG 33
SW HXs

REVIEW
CATEGORY

3

STIMULUS AND HUMAN ACTION CAUSING PE
STIMULUS ACTION

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PE

“Shutdown 0G 31 it run~

ning, as required, to
prevent equipment
damage (ONOP RW-1)

Shutdown DG 32, if
running, as required,
to prevent equipment
damage (ONOP RW-1)

Shutdown DG 33 if run-
ning, as required, to
prevent equipment
damage (ONOP RW-1)

e e R e

REMARE S

1. Piping only -
no active com-
ponents

2. 1f DG started
on SI signal,
then most
equipment pro-
tection trips
(except over-
speed, overcur-
rent and
reverse power)
are inoperable,
If damage to
the core was
not expected to
result, the
operator may
shut the DG
down to save
the machine for
use when the SW
fault is
corrected.

cl1e

Same as above

Piping only - no
active components
See remark 2 under
SWO34-A-INT
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SYSTEM:  Service Water (Cont'd)
| Pr 0t REVIEW
DESTGNATOR DESCRIPTOR CATEGORY
— - -_— —_—
SWO39-A-INT | Blockage at SW 3
return for DGs 31
and 32
SW042-A-CONTROL| Failure to deprive 3
FCV 1176 of
air: control
failure
SW043-A-CONTROL] Failure to deprive 3
FCV 1176A of air:
control failure
SWO42-A-INT | Failure of 3
FCV 1176 to open
on loss of air
SW043-A-INT | Failure of 3
FCV 1176A to open
on loss of air
SW044-A Blockage in SW 3
return from DGs

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HOMAN ACTION CAUSING PE
STIMILUS ACTION

OPERATOR RESPONSE 1O PE

Shutdowr. DGs 31 and 32
if running, as required,
to prevent equipment
damage (UNOP RuW-1)

Take manual control and
open valve (ONOP RW-1)

Same as above

Take manual control and
open valve (ONOP Rw-1)

Same as above

Shutdown all three (31,
32 and 33) DGs, as
required, to prevent
equipment damage (ONOP
RW-1)

REMARK

Piping only -~ no
active components
See remark ¢ under
SWO34-A-INT

There is no fault
that could cause
operator to close
valve and deprive
diesels of cooling

Same as above

There is no fault
that could cause
operator to close
valve and deprive
diesels of cooling

Same as above

Piping only - no
active components
See remark 2 under
SWO34-A- INT

€12
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PRIMARY EVENT (PE) - INDICED WUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSTNG PE
ALTION

SYSTEM:  Service Water (Cont'd)
PE PE REVIEW
DESTGNATOR DESCRIPTOR CATEGORY STIMN UG
SWO45-A | Blcckage in SH 3 o
return from DGs
SWO46-A Blockage in SW 3
return from DGs
SW37A-A-INT | Local fault outlet 3
of CCW HX 31
SW37-A-INT | Local fault at 3
inlet of CCW HX 31
SWaB-A NOIF SW return 3
Seq 46
SWa7-A Blockage in SW 3
return
SW4B-A-INT | Int Fault blocking 3
flow reg bypass
(inst air HX SW
outlet)

OPERATOR RESPONSE TO PE

Same as above

Same as above

Loss of one CCW HX,

HX 32 will carry all
necessary loads.
Assure proper line up
of HX 32. (ONOP RW-1)

Same as above

Secure Inst. Air and
supply inst. air system
with service air cross
connect (PEP [A-1)

Take manual control of
TCV-1113 and manually
open (ONOP RW-1)

S

P —" —

REMARK S

Piping only - o
active components
See remark 2 under
SWO34-A-INT

Piping only - no
active components
See remark 2 under
SWO34-A-INT

Piping only - no
active components
Same as SWO46-A?

Piping only - no
active components

No faulty indica-
tion will cause
operator to close
bypass (SWN-47) if
in use

vie












PRIMARY EVENT (PE) - INOUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE 10 PE

SYSTEM:  Service Water (Cont'd)
PE PE FEVIEW STIMULUS AND HOMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATLGORY STIMILUS ACTION
EPDI3-A | LOP at DO PP 33 - a B
battery supply
only
IAIRBYPASS | Flow reg bypass 4
valve commanded
open (inst air HX
SW outlet)
LOCA LOCA event 4
NOTLOOP-B6A | NO LOOP to BUS 6A 4
NOTTR-SPSI | No safety injec- 4
tion actuation
SEDG-SWN36-NOA | Manua) initiation 4
of SWN 36 fails
SE-EUG31-A | Failure of DG 4
breaker 52/EGl to
actuate
SE-EDG32-A |Failure of DG 4
bkr 52/EG2 to
actuate
SE-EDG33-A |Failure of 06 4
bkr 52/EG3 to
actuate

actuated following
Loop

REMARKS

31¢e



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM;  Service Water (Cont'd)

PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
OESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS

SE-SWN34-DGS-A] SW pump 34 not 4
actuated following
LOOP - for DGS
only

SE-SWN35-A | SW pump 35 not 4
actuated following
LoopP

SE-SWN35-DGS-A| SW pump 35 not 4
actuated following
LOOP - for DGS
only

SE-SWN3IE-A | SW pump 36 not 4
actuated

SE-SWN36-DGS-A| SW pump 36 not 4
actuated - for DGS
only

612

SE-SWN36-NOA| Manual actuation 4
of SW pump 36
fails

TR-SPS1 Safety injection 4
signal present




SYSIEM:

Pt
DESTGNATOR

Sequencing (E)

rt
DESCRIPTOR

EPAGL2
EPAGL3
EPAGLA
EPDO1-01
EPDOL-31
EPDO2-01
EPDO2-32
EPDO3-01
EPD11-A
EPD12-A
EPD13-A

REVIEW
CATEGORY

4

& b b6 B s a6 B s o 9o

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STEMILUS AND HUMAN ACTION CAUSING PE

STIMIUS

ACTION

OPERATOR RESPONSE T0 PE

GENERAL

The proper immediate
action to be taken by
the operator is always
the same: if a piece of
equipment does not per-
form its automatic
action, the cperator
always verifies that
correct automatic
actions have occured
and manually performs
those that have not.
(Ref: immediate action
steps of PEPs)

REMARK S,

GENERAL

Loss of the
controlled com-
ponent {eg. pump)
due to operator
action is addressed
under each individ-
ual system. Here
we consider oper-
ator actien that
results in the con-
trol system PE
being induced.
is limited to
de-energizing the
power supply for
this control sys-
tem. In general
this would be the
result of operator
error since the
only reason to kill
the power supply
would be fire or
bus fault. Both of
these must be
independently veri-
fied prior to
removing power to
the bus.

This

i e
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SYSTEM:

't
DESTGNATOR
SE-AFW-NOA

SE-BFP-L-S

SE-BFP-S

SE-CCS2P-S

SE-CCW-NOA

SE-HPI-NOA

PE
DESCRIPTOR

SIS

LOCA EVENT

No operator action
to actuate AFW
pumps

Local fault of
relay BFP-L
(Common Auto Start
relay) AFW pumps

Local fault of
relay BFP (AFP 31
and 33 Auto Start
relay) motor

Local fault of low
header pressure
actuation scheme
(component coeling
water)

No operator action
to actuate CCW
pumps.

No operator action
to actuate MPI
pumps.

Sequencing (SE) (Cont'd)

REVIEW
CATEGORY

SICMLR——

3
5

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE
STIMULYS ACTION

OPERATOR RESPONSE 10 PE

Operator manually
starts pumps as
required. (PEP FiW-1)

Operator manually
starts pumps as
required. (PEP Fi-1)

Operator manually
starts STBY CCW pump
upon low CCW header
pressure alarm.
(ONOP-CC-1)

REMARKS

Common Auto Start
relay for all AFW

pumps.

Auto Start for both
motor driven AFW
pumps.

CCW pump in auto
will start when
PC-600 decreases to
low CCW header
press set point.

12¢



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM:  Sequencing (SE) (Cont'd)
e PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMUS ACTION OPERATOR RESPONSE TO PE
SE-RHR-NOA | No operator action 5
to actuate RHP
pumps.
SE-SGLOLO-A | Steam Generator Lo 2 Note motor drive AFW
Lo level logic pumps have not started.
(1004) fails (1 Manually start AFw
out of 4 logic- pumps 31 and 33. Verify
starts MD AFW pressure and flow.
pumps ). (PEP Fu-1)
SE-561234X-FO| Normal start sig- 2 Operator notes turbine
nals not received driven AFW pump not
(Lo-Lo 2004565) started. Manually
(2 out of 4 start #32 AFW pump
logic-starts TD | verify pressure and
AFW pump. flow and correct tur-
bine parameters.
Determine cause of
start failuyre.
(PEP FW-1)
SE-SWN-NOA | No operator action 5
to actuate SWN
pumps.
SE-SWN-SWITCH | Switch selector in 5
wrong position
(selector switch
for group of SW
pumps ).

Motor driven AFW
pumps shou'ld auto
start on Le-Lo
level in any one
steam generator.

Turbine drive AFW
pump (#32) Auto
Starts on Lo-lLo
level in two out of
four steam gene-
rators.

24



Pt
DESTGNATOR

SE-1X-BFPT1-FD

SE-1X-BFPT2-FD

SE-2511-S

SE-2512-5

SE-2513-3

Pt
DESCRIPTOR

Relay 1X-BFPTI
fails to energize
(AFP 31 auto start
ckt.)

Relay 1X-BFPT2
fails to deener-
gize (AFP 33 auto
start ckt.)

Local fault of
relay 2-511 (SI
pump 31)

Local fault of
relay 2-512 (Sl
pump 32 starting).

Local fault of
relay 2-S13 (S!
pump 33 starting).

REVIEW
CATEGORY

2

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AKD HUMAN ACTION CAUSING PE
ST s ACTON

OPERATOR RESPONSE TO PE

Operator notes that
AFP 31 (33) has failed
to Auto Start. Oper-
atar panually starts
pump. (PEP FW-1)

Same as above except
AFP 33.

Operator notes that SI
pump 31 has not started
In responsé to ECCS
signal. Manually start
the pump. Note normal
flow, pressure, motur
AMPS. (PEP ES-1)

Same as 2 S11-S for SI
pump 32.

Same as 2511-S for SI
pump 33.

£22
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SYSTEM:  Sequencing (SE) (Cont'd)

Pt
DESTGHATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

SE-20-1-ABFP2-5

SE-27-2A-X3-W¥

*SE-27-3AX3

SE-27-5A-X2-UV

SE-27-6A-X3-UV

Local fault of
relay 20-1-ABFP2
{deenergizes to
close PCV and)
start AFP32

Bus 2A UV scheme
thinks low voltage
condition exists
{SI pump 32)

Bus 3A undervolt-
age scheme thinks
low voltage condi-
tion exists (RHR

pump 31)

Same, Bus 5A (Sl
pump 31)

Same, Bus 6A (SI
{pump 3

9
&

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE
STIMILuS ACTION

OPERATOR RESPONSE TO PE

S— -——tm———

If operator notices

PCV 1113 open on pump
start he will take man-
ual, control and requ-
late steam pressure
manually. If not
noticed in time reset
overspeed trip and
restart pump.

(PEP Fw-1)

Operator may manually
start al) affected
pumps as necessary.
(PEP ES-1)

Same as above.

Same as above.

Same as above.

REMARK S

With PCV 1113 fully
open steam pressure
to AFW pump turbine
would be excessive.
Most likely result
would be loss of
turbine on over-
speed.

Prevents Auto Start
of SI 32, SW 32,
CRF 32, CCw 32.

Prevents Auto Start
of CRF34, SW35,
RHR31, AF31.

Prevents Auto Start
of CCW31, SW34,
SW3l.

revents Auto Start
f SW36, SW33,

33, 5133, CRF3s,
WR3Z2, €532, CCW33.

vee



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSIEM:  Sequencing (SE) (Comt'd)
Pt Pt REVIEW STIMILUS AND HEMAN ACTION CAUSING PE v
DESTGNATOR DESCRIPTOR CATLGORY ST s ACTION OPERATOR RESFONSE TO PE REMARKS
SE-2-CC1-2-5| Local fault of 2 Operataor may manually Loss of these
relay 2-CC1-2 (CCW start all affected relays prevents
pump 31). pumps as necessary. Auto Start of their
(PEP ES-1) respective pumps.
SE-2-CC2-2-5 | Same, 2-CC2-2 2 Same as above Same as above
SE-2-CC3-2-5 | Sawe, 2-CC3-2 2 Same as above Same as above
SE-2-RHR1-S | Local fault of 2 Same as above Same as above
relay 2-RHR1 (RHR
pump 31).
SE-2-RHR2-S | Same, 2-RHRZ (RHR 2 Same as above Same as above
| pump 32).
SE-2-SW8-S | Local fault of 2 Same as above Same as above
relay 2-Sw4 (SW
pump 34)
SE-2-SW5-S | Same, 2-SWS 2 Same as above Same as above
SE-2-Sw6-S | Same, 2-SW6 2
SE-2-1-110-5 | Local fault of 2 Same as above. Same as above

relay 2-1-110
(AFP 33)

(PEP Fu-1)

§2¢
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PRIMARY EVENT (PE) - INDUCED MIMAN INTERACTION TABLE

SYSTEM: Sequencing (SE) (Lont'd)

e PE REVIEW STIMIL NS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STImMLUS ACTION OPERATOR RESPONSE T0 PE REMARK S
—e —— I S . PRES P PR Yy S S—
SE~-2-1-60-S | Same, 2-1-6D 2 Operator may manually Loss of these
(AFP 31) start all affected relays prevents
punps as necessary. Auto Start of their
(PEP Fuw-1) respective pumps
SE-3-1-2A-5 | Same, 3-1-2A 2 Same as above. Prevents Auto Start
(fails to energize (PEP ES-1) of SW32, S13z,
causes relay 2-512 CRF32, CCW32,
to not energize
resulting 1n Sl
pump 32 not acti-
vated)

SE-3-1-3A-5 | Same, 3-1-3A 2 Same as above CRF34, SW3S, RHR3L,
AF31.

SE-3-1-5A-5 | Same, 3-1-5A 2 Same as above 0531, CRF31, S131,
CRF33, SW34, SW3l,
CCw3l.

SE-3-1-6A-S | Same, 3-1-6A 2 SW36, SW33, AF33,
S133, CRF35, RHR32,
€832, CCwW33.

SE-3-2-2A-S5 | Same, 3-2-2A 2 CCW32, Sw3z.

SE-3-2-3A-S | Same, 3-2-3A 2 SW3§, AF31, 8FP32,
start.

SE-3-2-5A-5 | Same, 3-2-5A 2 CCW31, SwW34, Swil.
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SYSTEM: _ Sequencing (SE) (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

PE PE REVIEW STIMUILUS AND HUMAN ACTION CAUSING PE .
DESIGNATOR DESCRIPTOR CATEGORY STIMLUS ACTION OPERATOR RESPONSE 10O PE REMARK S
SE-3-2-6A-S | Same, 3-2-6A 2 SW36, SW33, AF33,

CCW33, BFP32 start.
SE-52-EG1-INT | Local fault of 2 Operator manually Prevents auto
breaker/actuation closes breaker and closure of DG out-
scheme (DG31) loads affected diesel put breakers.
generater. (PEP EL-1)
SE-52-EG2-INT | Same (DG32) 2 Same as above Same as above
SE-52-EG3-INT | Same (DG33) é Same as above Same as above
SE-52-EGL-OPN | BXR 52-EG1 (DG31) 2 This is not necessarily | In event of a trip
Open (DG31) a fault and SI signal the
position of the DG
output breakers
will determine 1f
the CCW pumps will
start. If the DG
BXRS are shut the
CLW pumps will not
start as part of
the loading
sequence.
SE-52-EG2-0PN | Same, BKR52-EG2 2 Same as above Same as above
(DG32) open
SE-52-EG3-0PN | Same, BKRS52-EG3 2 Same as above Same as above
(DG33) open

L2z
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SYSTEM: _Sequencing (SE) (Cont'd)

PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

Pt PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMRUS ACTION OPERATOR RESPONSE TO PE
SE-63X1-BFP1-S| Local fault of 2 Operator will manually
relay 63X1-8FP] initiate AFW upon loss
(relay controlling of both BFPs or oper-
contact in AFP 31 ator will secure AFW if
and 33 Auto Start one BFP is running.
ckt.) (PEP EL-1 and PEP Fw-1)
SE-B3X1-BFPZ-S | Same, 63X1-8FP2 2 Same as above
S121x06-1 4
sI21x-1 4
TR-SPSI 4

REMARK S
Both 63X] BFP 1
and 2 must actuate
to start AFiW on
lass of feed pumps.
Contacts of one
stuck shut would
prevent initiation
of AFW on loss of
both BFPs. Con-
tacts of one stuck
open would initiate
AFW with one BFpP
still running.

Same as above
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ACTION

SYSTEM: Main Feedwater (LMFW)
(43 Pt REVIEW STIMIUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMuLOsS
CD-AEJCD313233-A | NOTF from air 3
ejector condensers
31, 32, or 33.
CD-CDSR31-LF [Condenser 31 local 3
failure
CD-COSR32-LF |Same, except con- 3
denser 32
CD-COSR-33~LF |Same, condenser 33 3
CO-CDSR-31-1-A |NOIF from water- 2
box 31-1
CD-CDSR-32-1-A |Same, water 2
i,bon 32-1
CD-COSR- 33-1-A |Same, Water 2
ox 33-1
CD-CDSR-31-2-A INOIF from wWater 2
ox 31-2
CD-COSR-32-2-A |Same, water 2
ox 32-2

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE 10 PE

s ot ————— et ———— ]

Throttle down on
FCV-1120 to increase
flow in path A

Isolate condenser by
shutting VLV CS-1 or
both water boxes from
that condenser and use
other condenser
sections.

Same as above

Same as above

Other than investiga-
tion and repair of
fault at next shutdown,
no response action
appiies

Same as above
Same as above
Same as above

Same as above

REMARY S
No valves or other
active components

622
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE 10 PE

Send aux, oper. to
clase Disch. Valves.
CD-2 and its bypass
CD-3 of affected pump
(condensate pump

Same as above

Same as above

Use other pumps and
have maintenance

Same as above
Same as above
Open heater bypass VLV

(CD-19) and isolate
string by closing

SYSTEM:  LMFW (Cont'd)
Pt PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMuLuS ACTION
CD-CDSR-33-2A | Same, water 2
box 33-2
CD-PP-31-C-INT| Reverse flow 3
through cond,
pump 31 DISCH-CV
failure (RF) and
others
isolation)
CD-PP-32-C-INT | Same, pump 32 3
CD-PP-33-C-INT | Same, pump 33 3
CD-PP-31-LF | Condensate pump 31 1 Eratic condensate Operator trips conden-
local failure pump 31 ammeter sate pump 31
indication nvestigate
CD-PP-32-LF |Same, pump 32 1 Same, pump 32 Same, pump 32
CD-PP-33-LF [Same, pump 33 1 Same, pump 33 Same, pump 33
(D-1A-A  |NOIF from heaters 1 Faulty high level in Isolate heater (shut
33A, 34A, 354 heater 332 or 34A indi- | CD-16, CD-17 and CD-18
cating leak (LT-1118, on appropriate string)
LT1115) (SOP HDS-1)

(CD-16, CD-17 and
D-18) eon appropriate
string (SOP HDS-1)

REMARK S

There is no pro-
cedural reference
for these actions.

They are postulated

based upon the
instrumentation
configuration and
operating experi-
ence.

g
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SYSTEM:

LMFW (Cont'd)

43
DESTGRATOR

Pt
DESCRIPTOR

REVIEW
CATEGORY

PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE

STIMULOS

ACTION

OPERATOR RESPONSE T0 PE

REMARK S

(D-18-A

CD-1C-A

(D-10-A

Co-11A

{0-1-A

CD-5A-A

Same, heaters 338,
348, 358

Same, heaters 33C,
34C, 35C

NOIF from cond

pumps discharge
header

KOIF from cond
pumps suction
header

NOIF from common
discharge of
heaters 33 to 35

ROIF from heaters
bypass line

NOIF from LP heat-
ers 31A, 32A

Same, heater 338, 348,
358 (LT-1119, LT-1116)

Same, heater 33C or 34C
(LT-1120, LT-1117)

Same as above

Same as above

Same as CD-1A-A

Same as above

Check MFPs tripped and
start MU AFWPs

Same as above

Open heater bypass VLV
CD-19 (SOP HDS-1)

Start MO AFWPs 31

and 33, open FCV-406A,
4068, 406C and 4060
(PEP FW-1)

Open heater bypass line
(CD-11)

for TML transient
one string of heat-
ers will provide
sufficient flow, so

| for an operator

response to the
bypass not opening
you must assume
all 3 failed so the
bypass is the only
remaining path.

Not addressed by
ONOP or PEP
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SYSTEM:  LMFW (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

4 PL REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMLUS ACTION | OPERATOR RESPONSE TO PE REMARK S
CO-58-4 NOIF from [P heat- 2 Same as CD-5A-A
ers 318, 328
CD-SC-A Same, LP heaters 2 Open heater bypass line | Not addressed by
3iC, 32¢C {co-11) ONOP or PEP
CD-5-4 NOIF from flash 3 Total failure of con-
EVAP and from its densate, use MD AFWPs.
bypass. (PEP Fiu-1)
(D-6-4 NOIF from LP heat- 3 Start MD AFWPs 31 For the TM. transi-
ers bypass line. and 33, open FCV-4064, ent one string of
4068, 406C and 406D. heaters will pro-
(PEP Fuw-1) vide sufficient
flow, so for an
Gperator response
to the bypass not
opening you must
assume all 3
strings failed so
the bypass is the
only remaining
path.
Co-74-A NOLF from gland 3 Close down on FCV-1120
steam condenser to force flow through
path A (ONOP C-1)
CD-78-A NOIF from FCV-1120 1 False gland steam con- Close down on FCV-1120 Take manual control of
denser low flow alarm to restore gland steam FC¥-1120 and open
(FT-1113) condenser flow (ONOP C-1)| (onOP C-1)
C0-8A-A NOIF from cond 3 Clo:c damﬂon FCV-1120 | No valves in line
pump dischg to to force flow t
f low path path A (ONOP C-1)

eee
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SYSIEM:  LMFW (Cont'd)

"t
PESTUNATOR

CO-98-A

[ Q-

(R-31-LF

CRO-32-LF
CRO-33-LF
CRO-34-LF
CRO-35-LF
CRO-36-LF
EPAG-12
EPAG-13
EPAG-15
EPAG-16

PE
DESCRIPTOR

REVIEW
CATEGORY

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMR S

STIMILUS AND HUMAN ACTION CAUSING PE

ACTION

OPERATOR RESPONSE TO PE

REMARKS

NOIF from cond.
pumps discharge to
tlow path B

NOIFF turbine hall
closed cooling
water system local
failures

Circ pump 31 or
line to condenser

ruu!' failure in

Same, Circ pump 32
Same, Circ pump 33
Same, Circ pump 34
Same, Circ pump 35
Same, Civc purp 36

S oeoa s N MmN RN

False gland steam con-
denser low flow alarm
(FT-1113)

Close down on FCV-1120
to restore gland steam
condenser flow.

{onoP C-1)

Open FCV-1120 in an
attempt to increase
flow through flow path B
(ONOP C-1)

Restore in appox. 1/2
mr. or trip BFP and
cond. pumps. Start
AFW SYS. {ONOP RW-1 and
PEP FW-1)

Send maintenance to
inyestigate and monitor
condenser vacuum,
reduce power if needed
(ONOP C-1)

Same as above

Same as above

| Same as above

Same as above

Same as above

No control room
indication, local
operation by auxil-
iary operator

24




PRIMARY EVENT (PE) - INDUCED HOMAN INTERACTION TABLE

ACTION

OPERATOR RESPONSE TO PE

REMARK S

SYSIEM:  LMFW (Cont'd)
PE Pt REVIEW STIMILUS AND HUMAN ACTION CAUSING PE
DESLGRATOR BESCRIPTOR CATEGORY STIMILUS
 PA-20-T 3 3 -
EPA-28-T 3
EPA-25-T 4
EPA-26-T 4
EPA-28-T 4
EPO-01-01 4
EPU-Gi-31 B
£PD-02-01 3
£PD-02-32 3
146-01 3
MF-1A-A NOIF from MFIV 2
BFO-7, CV BFD-6 or
FE 318 to 56 31
MF-18-A  |Same, BFD-7, 2
;’M, FE 428, SG

Start 0 AFWP 31 and
open FCV-406A (PEP FuW-1)

Start MO AFWP 31 and
open FCV-4068 (PEP FW-1)

All of these faults
involve isclating
MFW to SGs, For
all transients of
interest the
reactor would trip
and the operator s
directed to trip
MFW and use AFw

vee
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SYSIEM:  LMFW (Cont'd)

ACTION

PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TASLE

OPERATOR RESPONSE TO PE

43 Pt REVIEW STIMULUS AND VUMAN ACTION CAUSING PE
Dt STGRATOR DESCRIPTOR CATEGORY STimnus
MF-1C-A Same, BFD-7, 2
8FD-6, FE 438, SG
33
MF-1D-A Same, BFD-7, 2
8FD-6, FE 448 to
S6 34
MF -23-LF NOIF MF reg 2
FLY-417 or MOIV
BFD-5 to 56 31
local failures
MF-28-LF Same, FCV 427, 2
Ham-s to S6 32

Start MD AFWP 33 and
open FCV-406C (PEP Fu-1)

Start MD AFWP 33 and
open FCV-406D (PEP Fuw-1)

Start MD AFWk 31 and
open FCV-406A (PEP FW-1)

Start MD AFWP 31 and
open FCV-4068 (PEP FuW-1)

REMARK S

Operator might be
induced to isolate
flow to a 56 (the
PE) based on faulty
high flow to SG
(wg?csuag a
leak). However,
multiple FTs and
Fls exist in feed
line, so this
induced operator
action is not
likely.

These faults
invoive isolating
MFW to 56s. For
all transients of
interest the reac-
tor would trip and
the operator is
directed to trip
MFW and use AFW

Same as above
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PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

SYSIEM:  LMFW (Cont'd)

9€2

re "t REVIEW STIMIUS AND WMAN ACTION CAUSING PE
DESTGNATOR DESLRIPIOR CATEGORY ST us ACTION OPERATOR RESPONSE TO PE REMARK S
: MF-2C-1LF Same, FLV 437, 2 Start MD AFWP 33 and Operator might be
] BFD-5 to SG 33 open FCV-406C (PEP FW-1) | induced to isolate
i flow to a SG (the
PE based on faulty
1 high flow to 5G
| (suggesting leak).
However, multiple
' FTs and FIs exist
! feed line, so this
| induced operator
action is not
likely.
. MF -20-LF Same, FCV 447, 2 Start MD AFWP 33 and Same as above
i 8FD-5 to SG 3% open FCV 406D (PEP Fu-1)
| NF -3A-A NOIF from WP 2 Open bypass VLV BFD-8 Not addressed by
heater 36A and close BFD-3, 8FD-4 ONOP or PEP
and BFD-10 to isolate
string A
MF -48-A Same, WP 2 Same, for string B
heater 360
I MF-3(-A Same, HP 2 Same, for string C
heater 36C
MF-3-A NOLF from MFW HP 3 Start M0 AFWPs 31 No valves
heater . common and 33, open FCVs-406A,
di<_narge header 4068, 406C and 4060
|
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SYSitM:  LMFW (Com'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TARLE

e PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
BESTGRATOR DESCRIPTOR CATEGORY STIMILOS ACTION OPERATOR RESPONSE TO PE
.54 Uperator fails to §/3 Uperator opens bypass
open bypass valve valve when oversight is
or valve faals recognized
BF-61-C-INT 48&’? 31 disch 3 Send Aux Oper to manu-
erse flow-C¥ ally close MOV
fails (FF) and MOV
tails to close
HF -62-C INT 3 Same as above
MF-§1-LF 2 Restrict unit load per
PEP FW-1
MF-62-LF Same, pump 32 2 Same as above

REMARKS

|

For the THL transi-
ent one string of
heaters will pro-
vide sufficient
flow, so for an
operator response
to the bypass not
opening you must
assume all 3
strings failed so
that bypass is only
remaining path,

Not addressed by
ONOP or PEP

Multiple indica-
tions of cavitation
needed to induce
operator to shut
down a BFP

LE2




PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABHE

SYSiem: LMF& (Cont'd)
Pt Pt REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGMATOR DESCRIPTOR CATLGORY STIMILUS ACTION OPERATOR RESPONSE 10 PE REMARK S
bir -6-A NOIF from common 3 Start MD AFWPs 31 No valves
BFP gischarge and 33, open FCV-406A,
header 4068, 406C and 4060
(PEP FW-1)
MF-T-A NOLF to 3 Same as above
8FPs 31, 32 from
common suction
header
MS-AEJ--~-LF | Loss of sain steam 2 Tave<580 indication Oper secures SJAE as Carry out subsequent
air ejectars-Local {multiple indication) per trip procedure actions of ONOP (-]
failure (PEP-RPC-1) (actions vary dependi
upon source of failure
M5----=lF | NOIF main steam 3 Start MD AFWPs 31
and MSR supply to and 33, open FCV-406A,
BFPTS local 4068, 306C and 406D
failyres (PEP FiW-1)
SACCSGOL 4
Sd-----LF | NOIF BFP seal 3 Trip BFP (not addressed | Would appear to be
wnjection water in ONOP or PEP) large steam leak at
system due to BFP
local failures
SL-CT-12-LF | NOIF seal water to 3 After some time trip Pump would pull air
cond pumps local - cond. pump due to indi- | in seal and get air
failure cations of cavitation bound
(not addressed in ONOP
or PEP)

8te
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PRIMARY EVENT (PE) - INDUCED IRIMAN INTERACTION TABLE

SYSIEM:  LNFW {Comt'd)
" 't REVIEW STIMILUS AND IRIMAN ACTION CAUSING PE
DL STGNATOR DESCRIPTOR - CATEGORY STish us ACTION OPERATOR RESPONSE TO PE
TSL-CT1331-LF | NOIF seal water 3 - Shutdown cond. pup 31
header to cond and repair (not addres-
purp 31 local sed in ONOP or PEP)
failure
SL-LT1332-LF |Same, pump 32 3 Same pump 32
SL-CT1333-LF |Same, pump 33 3 Same pump 33

SwAlld-A 3

SwAll-A 3

SwAlZ-A 4

SWAld-A a3

SwAle-A 4

SwAls-A N

SWT14-4 M

Salls-A 4

TeS Failure of turbine 3 No actions identified

gland sealing
steam condenser

TR-S2S1 B
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PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TABLE

SYSTiM: Auxiliary Feedwater (AFWS)

143 PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMOLYS ACTION OPERATOR RESPONSE 10 2F REMARK S

| AFN2-5U-01 | Operator fails to 5 Actuate N2 backup (not

actuate N2 backup addgressed in ONOP or
I PEP)
| AFN? Loss of N2 to AFWS 3 Replace N2 bottles (not
| A0V addressed in ONOP or
i PEP)
1 AFOOL1-A-INT | CT-64 fails closed 2 Open CT-64 or Myultiple level
| Open CT-49 and indication
] (PCV-1189 and PCV-1187 available.
i or PCv-1188) (PEP Fu-1)

AFQ03-A~INT | Failure of (ST 3 Open CT-49 and PCV-1189

dischg path to MD {PEP Fu-1)
l AFW pump
: AFOD4-A-INT | Failure of city 3 Lower SG pressure to *If city water is
. water discharge <500 psig and use con- in use, it is
; segment valves to densate pump* (PEP FW-1)| assumed that CST is
| open to pump 33 not available.
I AFO06-A-INT | Failure of city 3 Same as above.

water discharge
l segment valves to
| open to pump 31
l
[ AFODS-A-INT | Failure of city 3 Same as above.
) water discharge
) segment valves to

open to TO pump
:

ove
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SYSTEM: AFWS (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

Pt PL REVIEW STIMILUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMoLUS ACTION OPERATOR RESPONSE 10 PE REMARK S
AFOOS-A-INT |Failure of CST 3 Open CT-49 and PCV-1187
discharge path to (PEP FW-1)
MO AFW pump
AFOD7-A-INT |Failure of CST 3 Open CT-49 and PCV-1188
discharge path to (PEP Fu-1)
TD AFW pump
AFO09-A-INT |MD AFW pump 33 2 Start TD AFW pump 32 Multiple indica-
failure (PEP FW-1) tions of pump cavi-
tation needed for
stimulus, therefore
category 2.
AFOIO-A-INT |MD AFW pump 31 2 Same as above. Same as above
fatlure
AF009-B-INT |PT 4068 signal 3 Start TD AFW pump 32
unable to control (PEP FW-1)
PU 33 discharge
pressure
AFQIO-B-INT |PT 406A signal 3 Same as above.
unable to contragl
31 discharge
sure
AFOLL-A-H ator faiis to $ Bring AFW pump 32 up to

ing AFW PU 32 up
speed

speed (ONOP Fu-1)

e
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: AFWS (Cont'd)
143 43 REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE
AFOLL-A-INT | T AFW pump 32 2 B Start MO AFW pumps 31
failure and 32
or
Lower 5G pressure to
<500 psig and use con-
densate pump (PEP Fw-1)
AFO12-A-INT |Failure of seg- 1 Faulty high flow indi- | Shut FCV 406C (PEP FW-1) | Start TD AFW pump 32
ment 12 FC cation to S6 33 (PEP FW-1)
(FT 1202)
AFQ13-A-INT | Failure of seg- | Faulty high flow indi- Shut FCV 4060 (PEP FW-1) | Same as above.
meat 13 FC cation to SG 34
(FT 1203)
AFO14-A-INT |Failure of seg- 1 Faulty high flow indi- Shut FCV 4068 (PEP FW-1) | Same as above.
ment 14 FC cation to S632
(FT 1201)
AFOIS-A-INT |Failure of seg- 1 Faulty high flow indi- Shut FCV 406A (PEP FW-1) | Same as above.
ment 15 FC cation to SG31
(FT 1200)
AFQI12-8-INT [Failure of 1 Faulty low flow indica- | Open FCV 406C (PEP FW-1) | Close BFD-41 and start
FCV 406C - FO tion to SG 33 (FT 1202) 'T_s.gu pump 32 [PEP

REMARK S

Due to miltiple

indications for
flow, speed, dis-
charge pressure,
gperator is not
likely to be
induced tg stop TD
pump due to faulty
indication.

Stimulus can also
cause AFQ19-A-INT

Stimulus can also
cause AFOIE-A-INT

Stimulus can also
cause AFOL17-A-INT

Stimulus can also
cause AFOL6-A-INT

ve



SYSIEM: AFWS (Cont'd)
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

ACTION

OPERATOR RESPONSE TO PE

Open FCV 4060 (PEP Fi-1)
Open FCV 4068 (PEP Fu-1)
Open FCV 406A (PEP Fi-1)
Shut FCV 80SA (PEP Fi-1)

Shut FCV 4058 (PEP FW-1)

Shut FCV 4050 (PEP FuW-1)

Shut FCV 405C (PEP FuW-1)

Pt PE REVIEW STIMILUS AND HUMAN ACTION CAUSING PE
DESTGMATOR DESCRIPTOR CATEGORY STIMUILLS
AFO13-B-INT |Failure of 1 Faulty low flow indica-
FCV 406D - FO tion to SG 34 (FT 1203)
AFO14-B-INT |Failure of 1 Faulty low flow indica-
FCV 4068 - FO tion to S6 32 (FT 1201)
! AFO15-B-INT |Failure of 1 Faulty low flow indica-
. FCV 406A - FO tion *o SG 31 (FT 1200)
:
i AFO16-A-INT [Failure of seg- 1 Faulty high flow indi-
1 ment 16 - FC cation to 5G 31
| f (FT 1200)
|
I AFQ17-A-INT [Failure of seg- 1 Faulty high flow indi-
I jment 17 - FC cation to 56 32
(FT 1201)
AFULB-A-INT [Failure of seg- 1 Faulty high flow indi-
1 t 18 - fC cation to 56 34
i (FT 1203)
AFO19-A-INT (Failure of seg- 1 Faulty high flow indi-
t 19 - FC cation to 56 33
(FT 1202)

Close BFD-43 and start
10 AFW pump 32

Close BFU-36 and start
10 AFW pump 32

Close BFD-38 and start
10 AFW pump 37

Start MU AFW pump 31 or
lower SG pressure to

<500 psig and use con-
densate pump (PEP FW-1)

Same as above.

Start MD AFW pump 33 or
lower 56 pressure to

<500 psig and use con-
densate pump (PEP FW-1)

Start MD AFW pump 33 or
lower SG pressure to

<500 psig and use com-
densate pump (PEP FW-1)

REMARY S

See AFO12-A-INT
through AFO15-A-INT

Same as above

Same as above

£ve

Same as above

-










SYSTEM:  AFWS (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE 10 PE

associated with
5634 fail to open

Shut PCV-1214 or
PCV-1214A or downstream
manual isolation valve

Monitor pressure for
operation of safety

Same as above.

Same as above.
Same as above.

Attempt to reduce SG33
pressure through other
paths (not addressed in
ONOP or PEP)

Attempt to reduce SG34
pressure through other
paths

"t PE REVIEW STIMULYS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY ST S ACTION
" AF025-D-BLDN |Blowdown from 3
SG 31 not isolated
AFD26-A-INT |ATM STM RLF valve 3
PCV 1136 fails to
open valves
AF0Z28-A-INT |ATM STM RLF valve 3
LY 1137
AF030-A-INT |ATM STM RLF valve 3
PCV 1135 fails to
open
AF032-A-INT |ATH STM RLF valve 3
PCV 1134 fails to
open
AF027-A-INT |Al] safety valves 3
associated with
SG 33 fail to open
AF-029-A-INT A1) safety valves 3

REMARE S
No feasible stim-
ulus would induce
the operator to
leave the blowdown
valve open and
drain the SG.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

1 SYSTEM:  AFWS (Cont'd)

43 43 REVIEW STIMULUS AND MUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATLGORY STIMULUS ACTION OPERATOR RESPONSE 10 PE REMARK S
| AF-031-A-INT | A1] safety valves 3 Attempt to recuce SG32
.' associated witn pressure through other
$632 fail to open paths
AF-033-A-INT | A1l safety valves 3 Attempt to reduce SG31
| associated with pressure through other
. SG31 faii to open paths
|
CSG100-A Failure of CST 4
supply to AFWS
CWOO1-A-INT | Failure of city 3 Lower SG pressure to If city water is in
water supply to <500 psig and use con- use, it is assumed
CT-49 densate pump (PEP FW-1) | that CST is not
available; hence,
| all AFW pumps
| become unavailable
' with these two
faults
CW002-A-INT | Internal failure 3 Same as above. Same as above.
- of CT49 segment
5
| EE-ATL Ambient Temp low . 3 N/A
5 EE-1080 No flow in 2 Start a motor driven Due to multiple
. Tine 1080 AFW yunp to maintain indications (flow,
| flo= in recirc line speed, discharge
1 (not addressed in ONOP pressure), operator
or PEP) is not likely to be
induced to stop TD
pump due to faulty
indication.

Ly



SYSTEM: AFWS (Cont'd)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PI

DESICAATOR DESCRIPTOR CATECORY ST vy ACTION CMEG
EPALL-T s "
EPAL4-T 4
£PD02-01 4
£PD03-01 4
EP121-01 4
£P122-01 s
£P123-01 B

EP...T...FLT 8
HT6320-T s
HT343- IFF s

HT343-T- INT 4

14601 s

SE-AFP31-A 4

SE-AFP32-A B

SE-AFP33-A 4

8ve



REVIEW
CATEGORY

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULGS AND HUMAN ACTION CAUSING PE

STIMULUS

ACTION

OPERATOR RESPONSE T0 PE

SYST(M: Inst. Air
It PE
DESTGNATOR DESCRIPTOR
1ACOZ-A Pipe downstream of
both CW pumps
IACD4-A CWHX 32, inlet and
outlet valves and
pipes
TACOS5-A CWHX 31, inlet and
outlet valves and
pipe segs.
TACO6-A Pipe from CW Hxs
to afterc.olers
IAC1A-A CW pump 31, valves
and pipe-operating
pump

3

Level controller

LC-1130 for the cooling
water EXP tank fails to
fill and overflow tank.

Same as above

Isolate HX in service
and put standby HX in
service (ONOP RW-1)

Same as above

Loss of coaling to IA
compressors and after-
coolers. Shut down IA
compressors and supply
IA from SA, ({automatic
action) (ONOP 1A-1)

Shift to Standby HX
(ONOP-RW-1)

Same as above

Single line, if plugged
or broken lose water to
IA compressors and
aftercoolers. Shutdown
compressors and supply
IA from SA (ONOP IA-1)

Check start of standby
pump (not addressed in
ONOP or PEP)

REMARK S
1. Piping only-no
active components
2. Lose cooling to
both [A com-
pressors.

SW is at a higher
press than CW, so
if expansion tank
overflows the oper-
ator may suspect
failed HX tubes.

Same as above

1. Piping only-no
active components

2. Lose conling to
both IA compressors

Becausc of multiple
pressure indica-
tions (Pl 1271 and
PC 1173) the oper-
ator would not be
induced to secure
pump on failure of
a single instru-
ment.

L mmss———N————
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

ACTION OPERATOR RESPONSE TO PE

SYSTEM: Inst. Air (Cont'd)
Pt PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS
IAC1B-A CW pump 32, valves 3
and pipe-standby
pump.
TAC10-A Common discharge 3
pipe from heater
drain pump
motors 31 and 32
to pump suction.
IAC7A-A Valves and pipe to 3

aftercooler 31.

Pump not running-plug
has no effect and will
not be noticed. Leak
will require isolation
of pump. If pump not
isolated system will
drain requiring shut-
down of 1A compressors
and IA will be supplied
by SA. (ONOP IA-1)

Leak will drain system
requiring shutdown of
IA comp and supply of
IA loads from SA. Plug
has no effect as 1A
cooling will recircu-
late through closed
cooling Hxs.

Leak in either drains
system and must be iso-
lated. If isolated or
plugged the affected
compressor will be
shutdown and the unaf-
fected compressor
shifted to "hand" mode,
(ONOP 1A-1)

Piping only-no
active components

Ko feasible szimu-
lus to close valves

RS G
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SYSTEM:

Inst. Air (Cont'd)

PE
DESIGNATOR

PE
DESCRIPTOR

REVIEW
CATEGORY

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION VABLE

STIMULUS AND HUMAN ACTION CAUSING PE

STIMULUS

ACTION

OPERATOR RESPONSE TO PE

REMARK S

1AC7B-A

TACSB-A

valves and pipe to
aftercooler 32.

Valves and pipes
from after-
cooler 31 to/
through motor 31.

Valves and pipes
from after-
cooler 32 to/
through motor 32,

TI 1180 fails to a
temperature less than
100°F,

TI 1182 fails to a
temperature less than
100°F

Operator opens (C-444
to allow additional
cooling water to bypass
ator 31 (Compressor is
automatically tripped
off on overtemperature
at 150°F jacket temp)
(not addressed in ONDP
or PEP but in System
Description)

Same as above

Direct auxilary oper-
ator to determine the
cayse of the “Instru-
ment Air (ompressor
Auto Trip”® alarm., |If
Auxilary Operator
determines that the
autd trip was due to
high cooling water
temperature, he will
check the valve lineup,
throttle down on CC-442
and restart the com-
pressor. (ONOP 1A)

Same as above

Ko feasible stimu-

lus to close
valves.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE T0D PE

Direct NPO to determine
cause of low station
air pressure. HPO
checks valve line up
and system conditions,
Realign or repair as
necessary. Note: vi&lve
closure e.g. 1A-30
will provide no indica-
tion of fault prisr to
loss of IA and no back
up from SA (ONOP IA-1)

Isoiate IA 21, 56
and 30. Repair pipe.

SYSTEM: Inst, Air (Cont'd)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR GESCRIPTOR CATEGORY STIMULUS ACTION
IASUL-A Valves, pipe, from 3
serv air to inst
air and weld chan-
nel backup
[AS02-A Pipe from service 3
air to filters
(ONOP IA-1)
1AS07-A Pipe, valves and 3

controller down-
stream of filters.

Isolate and repair as
necessary. (ONOP [A-1)

REMARK S

air. All valves
are local manual
with ample local
instrumentation

2iping only-no
active components
plug not evident
unless [A is being
supplied by SA.

Requires low instr
air concurrent with
control room instr.
Failure to cause
operator to shut
PCV 1142. Other-
wise no active cuin-
ponent only con-
troller and equip-
ment upstream of

1A 21 can be
repaired without
removing all l1A
from service.

ese



SYSIEM:

Inst. Air (Cont'd)

PE
DESTGNATOR

PE
DESCRIPTOR

REVIEW

CATEGORY

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULYS AND HUMA™ [ JON CAUSTAC PE

STIMULUS

ACTION

OPERATOR RESPONSE T0O PE

IAS08-A

1AS29-A

TA005-A

1A006-A

Valve and pipe
from service air
to inst. air.

Valves, filter and
pipe.

Common pipe from
compressors to
receiver.

Receiver ADN RV
(and relief
valve?)

3

DPI-1131 fails as is.

NPO will not recognize
clogged filter if it
occurs. If the on line
filter is clogged SA
cannot supply IA. With
failed as is DP indica-
tion operator would be
induced to take no
action, eventually
leading to plugged
filters. (Not
addressed in ONOP or
PEP)

Isnlate and repair as
necessary. (ONOP IA-1)

Operator notes AP or DP
between A (low) and SA
{normal). Direct NPO
to check local indica-
tion to determine com-
ponent causing isola-
tion. Investigate
filter bank. Switching
filters will remove
problem. (ONOP IA-1)

Shut IA-6 - SA now
supplies IA loads -
repair as necessary.
(ONOP 1A-1)

Receiver failure-repair
receiver. Shut [A-6
and supply IA from SA
to repair all failures.
(ONOP 1A-1)

REMARK S

All valyves are
manual with ade-
quate local indica-
tion. Local isola-
tion should not be
done without con-
trol room
permission.

The only valves
present are to
switch from one
filter to ancther.
Filters can be
expected to plug
a*ter prolonged
operation. Nor-
mally there is no
flow so plugging is
?oing to take a
ong time.

Piping only-no
active components.

Relief valve-no
operator action to
open. Drain
valves - not nor-
mally opened and
left. Fatlure of
RCVR.

£5¢
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Inst. Air (Cont'd)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE 10 PE
1A007-A  |Pipe and vaive 2 o . NPO to investigate loss
downstream of of receiver pressure.
receiver. Check pressure at dry-
ers verify PCV 1142
open to supply air from
SA. (ONOP IA-1)
[A008-A Pipe plugged - 3 Investigate, locate and
NOIF from com- repair obstruction,
pressors and Shut [A 6, 7, 8, 21,
backup serv air. 70, 73 required to iso-
late obstruction RX
trip. (ONOP [A-1)
1A009-A Pipe plugged - 3 Place dryer 31 in
NOIF thru dryer 32 service, (ONOP [A-1)
and bypass.
1AD1A-A Compressor, pipe, 1 TI 1204 or TC 11045 Shutdown compressor 31 Place compressor

valve upstream of
aftercooler 31.

fails high or low.

due to temp out of
specs. (Not addressed
in PEP or ONOP, but in
System Description)

string 32 in service if
not already running.
(ONOP JA-1)

REMARK S
Several indicators
other than Pl 120
would show no loss
of system pressure.
This in conjunction
with PCV 1142
remaining shut
until 1A 6 was shut
indicates normal
receiver pressure.

Plug at this point
results in loss of
inst air. There 1s
no back up avaii-
able. Operator
required by proce-
dure to trip reac-
tor if IA pressure
drops to 60psig.

No inst. air wiil
be available while
repairs are being
made.

AT
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMULUS AND HUMAN ACTION CAUSING PE

SYSTEM:  Inst. Air (Cont'd)
PE PE REVIEW
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS
[AD1B-A Compressor, bipe, 1 TI 1205 or TC 11055
valve upstream of fails high or low.
aftercooler 32.
1AD12-A Common pipe from 3
alt path
[dryer 31) and
bypass.
1A013-A Pipe, valves and 2
controller in
bypass.
TAD14-A Pipe in bypass. 3

ACTION

OPERATOR RESPONSE TO PE

REMARK 5

Same as [AOLA-A for
compressor 32.

Place compressor

str.ng 31 in service if
not already running.
(oNOP 1A-1)

Remove inst air system
from service - repair
broken pipe. Reactor
trip. (ONOP IA-1)

No indication of plug-
ging unless inservice
refer dryer i< also
plugged. No action
likely. On failure of
1144 the NPO notes

PI 1207 reads normally
which could imply
blocking of either set
of dryers. Redundant
instrumentation should
indicate that this is
not the case.

Air leak due to pipe
break is isolated b
shutting IA 70 and gl.
(ONGP 1A-1)

Piping only. No
alternate source of
IA available during
repair. Pene and
veld emerg are not
affected,

No reason to iso-
late bypass unless
PCV 1542 fails
open. Failure of
Pl 1144 low would
possibly induce NPO
to open bypass
valve by suggesting
dryer might be
blocked,

Pipes only. Leak
only-plugged bypass
would not be appar-
ent unless in
service dryer was
also plugged.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE TO PE

Remove inst air system
from service, repair
broken or plugged pipe
{ONOP IA-1)

Remove IA system from
service, repair broken
or plugged pipe Rx
(ONOP 1A-1)

Verify that non regen
automatically placed in
service. (Not
addressed in ONOP or

Remove compresser 31
from service. Assure
compressor 32 in "hand"

SYSTEM:  Inst. Air (Cont'd)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION
IAD15-A Common pipe from 3
ref dryers to
desic dryers to
conv. plant SE. Rx trip.
1AD16-A Pipe to desicant 3
dryers
trip.
1A018-A Pipes, valves, 2
regenerative dry-
ers - normal
flowpath.
PEP)
[AD2A-A Aftercooler 31 3
mode.

(ONOP 1A-1)

REMARK S

Emerg make up to
Pene. and weld
not affected. Pip-
ing only-no active
components. No
alternate source of
1A available during
repairs.

Plug does not
affect conventional
plant A, All
loads affected by
leak and by removal
of IA from service
for repair. Emerg
make up to penetra-
tion and weld
channel 1s
unaffected,

Non regen only good
for four hours.

No active compo-
nents.
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PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

Assure

(ONOP 1A-1)

SYSTEM:  Inst. Air (Cont'd)
Pt PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE |
DESTGNATOR DESCRIPTOR CATEGORY STIMuLuS ACTION OPERATOR RESPONSE 10 PL
1ADZB-A Aftercooler 32 3 Remove compressor 32
form service.
compressor 31 in hand
mode. (ONOP 1A-1)
1A025-A Pipe, valves, con- 2 If leak shut IA-11
troller, nonregen, (double valve) and
dryer backup path repair leak.
(4 hr. supply).
[A026-A Pipe from desicant 3 Isolate and repair
dryer to after line.
filters.
1AD27-A Filters, pipes, 1 DPI 1132 fails as is. NPO will not recognize Control room instrument

valves.

clogged filter and
switch to alternate
filter. Hence, taking
no actior would eventu-
ally lead to plugged
filter. (Not addressed
in ONOP or PEP)

shows decreasing IA
pressure with no auto-
matic actions occuring
at desired setpoints.
NPO investigates and
finds PCV 1143 still
shut indicating normal
pressure at discharge
of dryer. Investigate
pressure drop. Filters
are most likely cause,
Swap filters. Increase
CR IA pressure. (ONOP
[A-1)

No active compo-
nents.

Ron regen not nor-
mally in service.

IA out of service
no alternate
available.

PR Spuy=—— T

No active components

LS2



PRIMARY CVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE 10 PE

Remove after cooler and
compressor 31 from
service. Assure com-
pressor 32 in "hand"
mode. Isolate and
repair affected com-
ponents. (ONOP JA-1)

Remove aftercooler and
compressor 32 from
service. Assure com-
pressor 31 in "Hand"
mede. Isolate and
repair affected com-
ponents. (ONOP 1A-1)

Broken or plugged - no
source of A - Rx
trip - repair. (ONOP

Shift to alternate com-
pressor. Investigate
and repair as neces-
sary. If leak IA 3,
IA3, and 1A 6 must be
shut, the leak
repaired. During leak
repair IA loads sup-
plied by SA. (ONOP

SYSIEM: Inst. Air (Cont'd)
It PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMILUS ACTION
TAD3A-A Pipe and valves 3
downstream after-
cooler 31
1AD3B-A Pipe and valves 3
downstream after-
cooler 32.
1A030-A Pipe from after- 3
filters to dis-
tribution.
1A-1)
TA04A-A Pipe downstream of 3
Seg [A03A.
1A04B-A Pipe downstream of 3
Seg [A038.
1A-1)

REMARK S

Passive components
IA 3 shut only to
isolate air leak
upstream,

Passive components
IA 2 shut only to
isolate air leak
upstream,

Piping only - no
active components.

Piping only - no
active components.

Fiping only - no
active components.

SR RTINN———,——.
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SYSTEM:

Inst. Air (Cont'd)

PE
DESTGNATOR

PE
DESCRIPTOR

REVITW
CATEGORY

STIMULUS AND HUMAN ACTION CAUSING PE

STIMULUS

ACTION

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

OPERATOR RESPONSE 1O PE

[A10A-A

1A108-A

[A11A-A

IA11B-A

Power

Pipe, filter,
dryer and valves
in alt path
(dryer 31).

Pipe, filter,
dryer and valves
in operating
dryer 32.

Pipe in alt path
downstream of
dryer 31.

Pipe downstream of
operating
dryer 32.

No power to 4-way
valve - supply nct
found.

3

Manually shift to
standby filter down-
stream of dryer
(ONOP TA-1)

Remove dryer from sery-
ice establish flow
through alternate
dryer. (ONOP IA-1)

If leak, must isolate
both dryers and bypass.
No source of [A avail-
able. If plugged, no
action as dryer not in
service.

If leak, must isolate
both dryers and

bypass - no source of
IA will be available.
Rx trip if plugged,
bypass will open.
Operator will shift to
dryer 31. (ONOP IA-1)

Verify non regen dryer
supplying IA. Trace
electrical fault and
repair - reenergize the
valve power supply.
(ONOP 1A-1)

REMARK S

Redundant instry-
mentation makes it
unlikely that a
single instrument
failure will cause
inappropriate oper-
ator action.

Piping only - no
active components.

Piping only - no
active components.

Unlikely that a
false indication
would cause oper-
ator to trip the
Buss supplying
porer to the valve.
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SYSHEM:

e
DESTGHATOR

CE-ATL

HT021-T- INT
HTOZ22-T-INT
HTOZ25-T-INT
HTO26-T-INT
HIG312-T
H1G322-7

HT029-T-INT

HTO30-T-INT

Heat Tracing (HT)

e
DESCRIPTOR

AﬁMbiéﬁf ienp.
low.

Segment 21 inter-
nal failure.

Segment 22 inter-
nal failure.

Segment 25 inter-
nal failure.

Segment 26 inter-
nal faiilure.

No power to seg-
ment 29,

No power to seg-
ment 30.

Segment 29 inter-
nal failure.

Segment 30 inter-
nal failure.

REVIEW
CATEGORY

3

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

STIMIUS AND HUMAN ACTION CAUSING PE
ST S ACTION

OPERATOR RESPONSE TO PC

Note: Operator action

throughout 15 to note

the alarm and institute
maintenance procedures

to repair problem.

Assure redundant system

is operating where
applicable.

REMARK S

reason for the
operator to shut
off heat tracing
and no failure

do so.

There 15 never any

would induce him to

09¢



SYSTIM:

re
DESTGNATOR

HT025-LEF

HiO26-LEF

HIO33-LEF
HT033-LBFTO

1 -Power-Mat ters

EPAZ9-T
EPA-28-T
HT341-LEF

HT341-LBFTO

HT342-LEF

Heat Tracing (HT) (Cont'd)

(53 REVIEW

DESCRIPTOR CATEGORY
l_;a_rrsa)rc;er elec. 3 o
fault.
Same as above 3
Local FP UP3]l load 3
fault.
Associated FP DP31 3
lead BKR FT0,
Conditions are suc 3
that power fail-
ures to HT can
cause system
failure.
MCC31 loss of 4
power .
MCC 35 loss of 4
power .
FP DP32 CKTS 9 or 3
11 Elec. fault,
FP DP32 (KIS 9 or 3
11 faulted associ~
ated breaker FT0.
FP DP32 CKT 7 3

Elec. fault.

PRIMARY EVENT (PE) - INDUCED NHUMAN INTERACTION TABLE

STIMILUS AND THIMAN ACTION CAUSING PE
ST S ACTION

OPERATOR RESPONSE TO PE

192




SYsHm:

't
DESTGHATOR
HT342-LBFTO

HT333-LEF
HT343-1BFTO

HTO23-T-INT
HTO?7-T-INT
HTO31-T-INT
HTO27-LEF
EPAZ1-T
HTO351-LEF

NT0351-LBFTO

Heat Tracing (HT) (Cont'd)

e REVIEW

BESCRIPTOR CATEGORY
FP DP32 CKT 7 load 3
BER FT0.
FP DP32 any 1 3
CKTS 1 through 6
Elec. fault,
FP DP32 load BKR 3
assoc. with
faulted CKT FTO.
Segment 23 inter- 3
nal failure.
Segment 27 inter- 3
nal failure.
Segment 31 inter- 3
nal failure.
Transformer elec. 3
fault.
MCC 37 loss of 4
power .
Elec. failure of 3
Tine 155 HT CKTS.
FP DP34 line 155 3

CKT BRKRS FT0.

PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

STIMULUS AND TIUSAN ACTION CAUSING PE
ST uS ACTHON

29¢




PRIMARY LVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSIin: Heat Tracing (HT) (Cont'd)

't Pt REVIEW STIMUILDS AND HUMAN ACTION CAUSING PE
DESTGHATOR DESCRIPTOR CATLGORY STIMOLUS ACTTON OPERATOR RESPONSE TO PF REMARK S
T WI0352-LEF | €lec. failure of | 3 -
line 161 HT CKTS.
HTO352-LBFTO | FP DP34 line 161 3
CKT BRERS FTO.
HT0353-LEF | Elec. failure of 3
RUWST inst strip
HTRS.
HTO353-1LBFT0 | FP OP34 REST inst 3
strip HIRS CKT
BRERS FT0.
HTD354-LEF ] Elec. failure of 3
non-RWST HT CKTS.
HTO354-LBFTO | FP DP34 non-RWST 3
HT CKT BKXRS FTO.
" WI020-T - INT Segment 24 inter- 3
nal failure.
HTOZB-T-INT | Segment 28 inter- 3
nal failure.
HTO28-LEF Transformer elec. 3
fault.
EPA 18-T MCC 39 loss of 4

power .

£9¢



S¥SItM: MNeat Tracing (WT) (Cont'd)

"
DES TGHNATOR

H1032-T-INT

HTO36-LEF

HTO36-LBFTO

HTOO8-T-INT

HT33A-LEF

HT33A-LBFTO

HI0O3-T-INT

HTSPSO-T

HTO03-T-0

HT002-T-INT

EPA23-T

e
DESCRIPTOR
Seqment 32 inter-
nal failure.

Local FP DP35 load
fault.

Assoc, BRER
FP DP35 FTO.

Segments 5, 8, or
11 internal
failure.

local load elec.
fault on PNL 33A.

Assoc. load BRKR
F10.

Segment 3 internal
failure.

No power to SUPV
PHL 90 in CR.

Operator fails to
mane the transfer,

Segment 2 internal
failure.

Loss of power to
MLC 368.

REVIEW
CATEGORY

3

PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

STIMULUS AND [IUMAN ACTION CAUSING PE
STIMIOS ACTION

OPERATOR RESPPONSE 1O PE

v92



SYSTEM:

e

DESTGRATOR

EPAZ2-T
HTOO01 - T- INT

HTOO8-LEF

HTOOS-LBFT0

HT009-LEF

HTOU6-LBFTO

HIOL10-LEF

HTOO7-LBFTO

HTO09-T-INT

HT33B-LEF

e
DESCRIPTOR

Loss of power to
MCC 36A.

Segment 1 internal
failure.

Transformer to
PNL 33A elec.
fault.

Segment 5 BRKR
F10

Transformer to
PNL 338 elec.
fault.

Segment 6 BRKR
F10.

Transformer to
PNL 33C elec.
fault.

Segment 7 BRKR
F10.

Segment 6, 9, or
12 internal
failure.

local load elec.
fault on PNL 33B.

Heat Tracing (HT) (Cont'd)

REVIEW
CATEGORY

4

STIMULUS AND IIMAN ACTION CAUSING PE
ST S ACTION

PRIMARY EVENT (PE) - INDUCED IRIMAN INTERACTION TABLE

OPERATOR RESPONSE TO PE

REMARKS
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: 'hj«lt__lra(_ugla) (Ml_'_) (Cnnt'd)

't 1 REVIEW STIMULUS AND HMAN ACTION CAUSING Pf
DESTGHATOR DESCRIPIOR CALEGORY STIM uS ACTION OPERATOR RESPONSE 1D PE REMARK S
7“133848?10 Ass-t;c—. I;)ad BARKR - >3 ) - o
F10.
HTO10-T-INT | Seqment 7, 10, or 3
13 internal
failure.
MT33C-LEF Local loaa elec. 3
fault on PNL 33C.
HT33C-LBFTO | Assoc. local load 3
BREKR FTO.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTICN CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
*EPAOL-S Local fault at 2 Procedure PEP-EL-]1 to
EPAOL verify start & loading
(switchyard) of diesels. Then
SOP-EL-S (as per
PEP-EL-1) to restore
6.9V with the gas
turbine
*EPADL-T Loss of grid 2 Same
*EPAD2-S Local fault at 2 Creck starting &
EPAD2 (6.9kV loading of diesel 33,
Bus 5) Lower power as neces-
sary to maintain plant
. without circ. water
4 pump 35 (PEP EL-1)
s *EPAD3-S Local fault at s Open both 6.9 kV and
EPAD3 (S5S XFMR 480v breakers. Supply
5) Bus SA from diesel 33
(PEP EL-1)
|
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

S— — - —— e

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMILUS ACTION OPERATOR RESPONSE TO PE REMARKS
*EPADZ - Unclearable 2 Follow loss of outside
fault at Bus & power procedure
PEP-EL-1
*EPADA-S Local fault at 2 Replace essential loads |If faulty indication
EPAD4 (Bus 5A) with equipment from of bus problem
other 480V buses operator would look
PEP-EL-1 for faulty loads to
remove from bus, not
deenergize bus
*EPADS-INT Local fault in 2 Supply Bus SA from Bus |If false indication

DG no.33

5 1f available, if not
supply essential loads
from redundant
equipment on other 480V
buses. Repair D633
PEP-EL-1

ef fault operator
would try to cure
fault, not trip DG.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
*EPAD6-INT Local fault in 2 Preform manual dead bus |[The only way the
fast transfer transfer operator can defeat
breaker scheme SOP-EL-5 the transfer is to
put the breaker in
pull-to-lock. No
false indication
could result in
operator using
pull-to-lock
*EPADGK-S Local fault at 2 Isolate Bus 2 & SS If at power reactor
EPAO6 (6.9kV Bus 2 transformer 2. Supply would trip due to
and S5 Xfmr 2) Bus 2A from DG31 (auto Toss of RCP. (Low
start on no voltage) Flow) no false
PEP-EL-] indication could
irduce operator to
isolate the bus
*EPADT -S Local fault at 2 Same as EPA-04-5
EPAD7 (Bus 2R)
*EPADS-INT Local fault in DG 2 Supply Bus 2A from Bus 2 |SOP-EL-5
No.31 if available, or through
2A/3A tie breaker if
allowed. Repair DG31
*EPAD9-S Local fault at 2 Check starting and PEP-EL-1

EPADY (6.9kV Bus
6)

loading of diesels. If
at PWR, lower PWR to
maintain vac, with
circ. pump 36 ooc.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE T0 Pt REMARK S
*EPAD9-U Wnclearable fault 2 Follow loss of power S5ee note at EPADZ-U
at Bus 6 procedure PEP-EL-1
*EPALO-S Local fault at EPA 2 Open breakers on both No faulty indicator
10 (SS Xfmr 6) sides of the former and |that could simulate
supply Bus 6A with the fauit.
diesel 32 (auto start on |PEP-EL-1,
no voltage) SOP-EL-5
*EPALL-S Local fault at 2 Same as EPAD4-S Same as EPAO4-S
EPALL (Bus 6A)
*EPAL2-INT Local fault in DG 2 Supply Bus 6A from Bus 6 [If false indication
No.32 if available, if not of fault operator
supply essential loads would try to cure
from redundant equipment |fault, not trip
on other 480V buses, diesel.
Repair Diesel 32 PEP-EL-1
*EPAL3-INT Local fault in 2 Perform manual dead bus |The only way the
fast transfer transfer operator can defeat
breaker scheme SOP-EL-5 the transfer is to
put the breaker in
pull-to-lock. No
false indication
could result in
operator using
pull-to-lock.
*EPAL3-S Local fault at 2 Isolate Bus 3 & SS

EPA13 (6.9kV Bus 3
& SSXfmr3)

transformer 3, Supply
Bus 3A through 2AT3A
bus tie.

SOP-EL-5

02












PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIANATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARK S
EPDO1-06 LF at battery 1 Charger output Remove chargyer Remove charger from This and the
charger 31, CB ampmeter fails to from service. service battery carries |battery form an
caoles zero (local at Battery carries load. Repair Charger. and gate on the
charger, aux 1 0ad If charger cannot be fault tree so
operator would get repaired shutdown as per |assume the cable
control room Tech. Specs. problem does not
concurrence) result in a loss of
voltage on panel 31
*EPDO2-0U6 LF at battery 1 Same Same Same Same for Panel 32
charger 32, CB
cables
*EPDO2-F2 LF, FB 12 opens 2 Check the load list for |Operator would deal
DC distribution panel 32 |with problems on
and respond to symptoms [the panel, not
deenergize the
panel
*EPDO2-F4 LF, FB 13 opens 2 Same for dist. panel 24 |[Same
*EPDO2-02 LF at DC power 2 Same as for power panel [Same as for power
panel 32 31 above panel 31 above
*EPDO3-02 LF at DC pwoer 2 Same Same
panel 33
*EPDO3-06 LF at battery 1 Charger ammeter Remove charger Same as EDP-01-06 See notes from bat-
charger 33, CB fails to zero from service and tery chargers on
cables (local at charger) |use swing charger previous page
(get control room (EPDO1-06)
concurrence)
EPDO4-02 LF at DC power 2 Only load is inverter 34
panel 34 which is standby supply

for instr. bus 34. No
action required other
than repair of fault.

vie
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTIUN CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOUR RESPONSE TO PE REMARK S
EPDO4-06 LF at battery 2 Loss of charger-battery |Only action
charger 34, CB, carries load tempurarily.|required is repair
cables Repair charger-DC bus 34 |of charger since
not normally loaded battery is passive
*EPOLL LOP at EPDI11 2 Repair battery as soon As per Tech. Spec.
(failure of as possible follow a single battery
battery 31) Tech. Spec. LCO's can be ooc for 24
hours if the
charger is operable
and carries its DC
load
*EPD12 LOP at EPDI2 2 Same Same
(failure of
battery 32)
*EPDIL3 LOP at EPDL13 2 Same Same
{failure of
battery 33)
*EPD14 LOP at EPD14 2 Same Same

(failure of
battery 34)

SL2



PRIMARY EVENT (”E) - INDUCED HUMAN INTERACTION TABLE

P — TR

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONLe TO PE REMARKS
*EPD3132-0 Unclearable fault 2 Take manual control of Plant i1s prohib:ted
in tie breaker functions to cool core from ever using
between DC pannels (atmospheric steam pump [this breaker, This
31 and 22 and Aux.FW) Not addres- |PE would result in
sed in PEPs & ONOPs loss of both DC
power panels 31 &
32
*EPI21-SW Manual switch 31 2 Upon loss of bus 31: No false indica-
opens (1)defeat runback if > tion would cause
70% power (2)transfer an operator to
rod control to manual deenergize an
(4)identify faulted bus |instr. bus
(5)manually transfer to
alt source if alt not
already in use by other
I bus (6)may have to
block HI-HI const press
(*7)take local control
*EPI21-02 LF at I Bus 31 2 of turbine driven AFW as
required (*8)block relay
PC-402AX 1f RHR to be
used (*9)reenergize BA
tank headers (1l0)restore
power & reset instru-
*EPI21-06 LF at manual 2 ments (11)repair fault, |[Same
switch 31, ONOP EL-3
transfer failure *These steps unigue to
to AC source 1 bus 31 all others common
to all I bus failures
*EPI21-15 LF in inverter 31 2 Same
or cable to IT
*EPI22-SW Manual switch 32 2 Next page Same

opens

N S —
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PRIMARY EVENT (PE} - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
*EP122-02 LF at I Bus 32 2 Same as for [ Bus 31 No false indication
except (7) NA (8) block |could cause an
relay PC403AX if RHR is Joperator to
to be used (9) use local [deeneryize an
pyrometers to read RHR instrument bus
temps
*EPI22-06 LF in manual 2 Same Same
switch 32,
transfer failure
to AC source 1
*EpP122-15 LF in inverter 32 Same Same
or cable to it
*EP123-06 LF 1n manual SW33 2 Same as for Bus 31 Same
transfer failure except (7) take local
to AC source 1 manua! control of motor
driven AFW as required
(8) NA (9) NA
*EP123-15 LF in inverter 33 2 Same Same
or cable to it
*EPI23-SW Manual switch 33 2 Same Same
opens
*EP123-02 LF in I Bus 33 2 Same Same
*EP124-SW Manual switch 34 2 Same as for [ Bus 31 There is no false

opens

except (7)(8)(9) NA

indication that
could result in
operator isolating
an instrument bus

LL2



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
EP124-02 LF at | Bus 34 2 Same Note: I Bus 34 is
normally supplied
EP[-24-CB LOP at man. CB34 2 Same by MCC 368 with
(opens) manual transfer
swtich 34 capable
EPl-ca-U6 LF in manual 2 Same of switching supply
switch 34, to Inverter 34. In
transfer failure addition (834
to AC Source 1 transfers from
whichever of these
EP124-08 LF in man. CB 34, 2 Same sources is selected
transfer failure by SW34 to MCL36C
to AC Source 2 which is the back
up source used by
EP124-15 LF in invi ter 34 2 Same all other I Buses
or cable to it
*EPI-AIX LF at XER or 2 36C is the back up false indication of
CB36C, AC Bus 1 source to all 1 Buses. ground fault on 36C
Loss of this bus with no |might prompt
concurrent loss of operator to isolate
normal 1 Bus power only |this bus but there
requires repair of is adequate
fault. redundant data on
bus condition to
prevent this error
EPI-A2X LF at XER, CB 368 2 This is normal supply of |False indication of

AC Bus 2

I Bus 34 on loss of
normal power shift
supply to sola trans on
Bus 36C. Inverter 34 can
be manually switched to
power the normal feeder
to I bus 34. Reenergize
and repair fault

ground fault might
prompt the operator
to shift to
inverter 34 but
there is ample
redundant
information to
prevent this

8.2



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATUR RESPONSE TO PE REMARKS
EPLO1-SWF LF in switch 37, 2 Upon loss of lighting Supplies £ lignts
transfer failure get out flashlignts and |to fan house &
to (E) Source restore either normal or |[tunnel very
emergency light power unlikely operator
source. (Not addressed |would deenergize OC
in PEP or ONOP.) power panel 32
buses upon false
indication
EPLO1-SW Switch 37 opens 2 Repair switch The only operator
action that would
simulate this would
be to deeneryize
both DC panel 32
and Ttg bus 33
which is highly
unlikely
EPLOL-02 LF at distribution 2 Repair panel Same-assuming fault
panel for fan is downstream of
house and tunnel transfer switch
EPLO1-06 LF at Bus 33 2 Lights transfer to E Possible false

source after 10 sec.
locate and repair bus 33
fault

indication of
ground fault on bus
33 would cause
operator to isolate
bus however ample
redundant indica-
tion makes this
uniixely

6L2
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARK S

EPLOL-10 LF at L XER or CB 2 Loss of normal power to (Possible for

33 208/120 vac lighting Bus |operator to
33. Bus can be cross deenegize 480 Bus
tied to Bus 32 auto SA or ltg Bus 33
transfer to dc Bus 32 but ample redundant
will provide £ lighting- |infoamtion makes
no action required. this unlikely
Find and repair fault,

EPLOL-11 Breaker (FB3) to 2 This results in loss of |Ample redundant
EPD 02 oper r3 emergency supply to fan |information would
on DC Bus 3. house & tunnel emergency |prevent operator

lights normal supply from isolating DC
from L Bus 33 still Bus 32 or opening
available no action FB3
required other than
repair

EPLO1-12 CRTIE CB-3233 or L 2 Repair only L Bus 33 has two

Bus 32 is not
available

sources of power.
Bus 32 acts as the
backup supply. If
Bus 32 is not able
to supply Bus 33,
there will be no
effect unless its
normal source is
‘ost'
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PRIMARY EVENT (PE) - INDUCEL HUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
1: EPLOZ-SWF LF in switch 34, 2 No emergency lighting Switch 34 supplies
transfer failure available darkness in power to E lighting
to (B) source PAB. All operations in PAB (nuc. plant)
conducted by flashlight (transfer failure
& battery operated implies that normal
lamps. Implies loss of source has been
normal lighting prompted |lost. It is
shift to £ lights which |unlikely that an
were not available. operator would
Shift to standby source |deenergize dc Bus
does not occur due to 34 based upon a
SW34 failure single error
EPLO2-SW Switch 34 opens 2 With no failure in SW34 supplies all
normal lighting no power to emergency
action would be required |lights in PAB. The
other than repairs operator would have
‘ to deenergize both
L Bus 33 & DC Bus
32. There is no
reason to do this
EPLO2-02 LF at distr. panel 2 Repair only-~loss of Assumes loss of
for nuclear plant emerg. lighting only emergency lighting
significant if normal to PAB. Lighting
lighting is lost normally supplied
by non emerygency
system which is not
affected
ELPO2-05 Breaker (FB2) to 2 This results in loss of |Ample redundant

EPD-02 opens

emerg. supply to PAB
emergency lights normal
supply is from lighting
Bus 33 & is still
available no action
required other than

repair

info would prevent
operator from
isolating DC power
source to E
lighting

182
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PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
EPLO3-SWF LF in switch 31, 2 Switch 31 supplies emery
transfer failure lights in conventional
to (£) Source plant otherwise same as
EPLOZ2-SWF
EPLO3-SwW Switch 31 opens 2 Same as EPLO2-SW Same as EPLO2-SW
for conventional
plant lighting
EPLO3-02 LF at distr. panel 2 Same as EPLO2-02 for
for conventional conv. plant
plant
EPLO3-06 LF of xer, CB, 2 Loss of lighting Bus 31 |Ample redundant
(120VAC) Bus 31 removes normal power for |indications makes
emergency lighting 1n incorrect operator
conventional plant. No action unlikely
action other than repair
EPLO3-08 LF at Bus 31 2 Same as EPLO3-06
EPLO3-12 Auto switch fails 2 Loss of DC power to E This is transfer
lights no action other switch 31-assume
than repair that it fails in
its normal position
EPLO3-15 Breaker (FB2) to 2 Same 31s EPLO3-12 above DC power to

EPDO1 opens

transfer switch 31
is suppiied via
this CB

28¢



PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

€8¢

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE Tu PE REMARKS
EPLO4-SWF LF in switch 33, 2 Loss of emergency source |Switch supplies DC
transfer failure to control room power to control
to (E) source « emergency lights no room emergency
action other than repair |lights if necessary
EPLOD4-5HW Switch 33 opens 2 Loss of all power to
control room emergency
lights no action other
than repair
EPLO4-02 LF at distribution 2 Loss of control room
panel for control emergency lighting
room repair only
EPLO4-06 LF at Bus 32 Loss normal source of
emergency lighting power
for control room repair
only
EPLO4-10 LF of L xer or CB 2 Same
32
EPLO4-12 CRTIE CB3233 or 2 Repair only 33 is back up
Bus 33 is not source to 32. 32
available and 33 not normally
crosstied
EPLO4-15 Breaker (FBL1) to 2 Loss of DC power to Ample redundnt

EPDOL opens

control room emergency
lighting-repair only

indication prevents
incorrect opening
of FBl11
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PRIMARY EVENT (PE) - INDUCED WUMAN INTERACTION TABLE

SYSTEM: Electric Power
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESTGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
EPLO6-06 LF at xer, (B
(120VAC) Bus,
Distr, Panel 34
EPLO6-08 LF at Bus 33 2 Loss normal source of Ample redundant
emerg. lignts in PAB indication prevents
(nuclear plant) repair operator from
only needlessly
deenergizing Bus 33
EPLO6-12 Switch 34 is 2 Loss of emerg. source of [Ample redundant
unavailable emerg. lights in PAB indication prevents
repair only operator from
needlessly
deenergizing DC Bus
32 or opening HFB2
EPLOG-14 Switch 34 opens 2 Loss of all emerg. Ample redundnt
i Tighting power to PAB indications
repair only prevents operator
from needlessly
deenergizing all
sources of power to
emerg, light system
for PAB
SE-EDG31-A 4
SE-EDG32-A 4
SE-EDG33-A 4
SW034-A 4
SW035-A o
SWO36-A R
TR-LOOP 4
TR-SPSI 4
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SYSTEM: RCP Seals

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTIUN TABLE

PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTUR CATEGORY STIMULUS ACTION OPERATUR RESPONSE TO PE REMARKS
CCGTBEDL Valve 769 or 797 4
fail closed
CCG1000-A 4
CVCHOB-A 'y
1AGO 1 4
RCEDL Undefined reasons 3
RCED3 Other reasons 3
RCEOS Other reasons 3
RCSIEO2 No operator action 5
RCSIED3 Internal failure 2 initiate maintenance
of valve or request
centrol circle
RCSIO1-A-INT [Injection filter 2 Shift to parallel 1f PIC 189
train failure standby filter (ONOP indicates high
RCS-5) filter ap filters
would be changed
however if seal
flow was not
affected filter
would not be
clogged
RCSIOZ-A-INT |Pipe, valve, flow 2 If plugged-low seal flow |Loss of seal flow

meter failure

slowly return seal flow
to normal if low bearing
> 225°F trip & trip RCP
(ONOP CC-2) if leak
isolute leak and proceed
as above (ONOP CVCS-1)

is verified prior
to taking action

98¢



SYSTEM: RCP Seals

PE
DESIGNATOR

PE
DESCRIPTOR

T S — ———

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

HEVIEW
CATEGORY

STIMULUS AND HUMAN ACTIUN CAUSING PE
STIMULUS ALTLON

OPERATOR RESPONSE TO PE

v —

REMARK 5

RCS109-A-INT

RCSIIO

RCSIL1-A-INT

RCTBEOL

RCTBO1-A-INT

Motor valve 222
fail closed

Seal return filter
plugged

Seal water HX
fails

Thermal barrier of
any pump ruptures

Valve or pipe farl

Loss of seal return flow
loss of some seal flow
loss of excess letdown
to VCT szeal flow &
excess letdown now go to
PRT via relief valve 218
no action necessary

Open bypass valve 2214
replace filter take
action on low seal flow
1f necessary monitor
lower bearing temp trip
pump if > 225°F

ONOP CC-2

Tube failure CCW leaks
to VCT isolate & bypass
HX monitor VCT temp line
up return to PRT if
necessary (not addressed
in PEP or ONOP) plugging
results in same-bypass
HX

Trip reactor trip RCP
prolonged operation with
RCS hot will destroy
pump seals go to cold
shutdown & repair

ONOP CC-2

Upon loss of CCW to RCP
restore fiow within two
minutes or trip RX &
trip pump if motor
kbearing temp reach 200°F
trip RX & trip pump
ONOP CC-2

Filter replacement
not addressed in
PEP or ONOP

CCW pressure is
higher than seal
return pressure
excess letdown is
in same flow path

982

Reverse ap and
radiation in CCW
would indicate that
this had happened

Loss of CCW to RCP
considering the
consequences 1t is
unlikely that it
would isolate CCw
to RCP




SYSTEM: RCP Seals

TR N

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

PE PE REVIEW STIMULUS AND MUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION UPERATUR RESPONSE TO PE REMARKS
RCTBOS-A-INT |[Pipe or valve 731A 2 Plug or FC loss of CCW
failure flow to thermal carrier
operation may continue
if positive ap
indication of thermal
carrier seal flow exists
RCTBO6-A-INT |[Flow meter or 2 FCV625 shuts loss of all
FCV625 failure CCW flow to RCPs restore
within two minutes or
trip RX & trip pumps
SIPHASES Signal of 2 Los of seal water and Operator may
containment CCW to RCPs trip RX initiate phase 8
isolation phase 8 shutdown RCPs but redundant data
makes inadvertant
phase B by operator
uniikely
RCSIV6-A-INT [Seal #1 plugged or 2 See RCSI02-A-INT. Indications of high

ure

valve, pipe fail-

ONOP CC-2 #1 seal bypass
|may be used to provide
radial bearing cooling
flow

seal return flow
might lead opera-
tor to isolate
seal - but this
would be verified
first.
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Station Air
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULYS ACTION OPERATOR RESPONSE TO PE REMARKS
EPADS-T-LSI 4
EPAZO-T 4
EPAZH-T 3
SACCS1-A-INT  |Pump train 31 1 Local discharge Aux operator turns lEnsure that pump 32 If other train was out
local fails pressure gage of f pump 31 starts of service, operator
PI-1263 fails low NA in ONOP or PEP |SOP CC-2 would likely not take
this action
SACCSZ2-A-INT |Same, train 32
L 1 Same, P1-1264 Same, pump 32 Same - pump 31 Same
SACCS3-A-INT  |Header plugged
3 Shutdown SA system and
open SA-3 to use [P-1
|backup supply SOP SA-1
SACCS4-A-INT W train 31 local
fails 3 Put HX32 train inservice
SOP CC-2
SACCSS5-A-INT  |Same, train 32
3 Same, train 31
SACCS6-A-INT |NOIFF water supply
to closed cooling 3 Shutdown closed cooling |SOP SA-1
system pumps system pumps and SA
system and open SA-3 to
use [P-1 backup supply
SACCS7-A-INT  INOIFF supply from
CCS HXS header Same
SADL-A-INT Compressor local
fails 1 Local oil pressure |Aux operator turns {Open SA-3 to use IP-1
gage fails low of f compressor backup SOP SA-1
SA02-A-INT Super component S0P SA-1
SAD2 fails 3 Repair SA system (fault

downstream of backup
supply)
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Station Air
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGURY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
SAO3-A-INT ul'-l station air 3 Repair 1P-1 backup
backup for IP-3 station air system
station air fails
i SAQ4-A-INT Supercomponent 3 Repair SA system (fault
| SAU4 fails downstream of backup)
SAD7-A-INT Supercomponent 3 Same
I SAQ7? fails
i SWT60A-A 't
SWT60B-A 4
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SYSTEM: RWST

PRIMARY EVENT (PE) - INDUCED MUMAN INTERACTION TABLL

PE PE REVIEW STIMULUS AND HUMAN {CTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGURY STIMULUS ACTIUN OPERATOR RESPONSE TO PE REMARKS
AUXSTM... Failure of steam 3 No backup-call
supply from aux maintenance
steam system
EE-ATL Ambient tempera- 3 NA
ture - Low
HTG340-T EHT Failure of FP 4
oP 34
HT0351-LEF Elec, failure of 3
Yine 155 HT CKTS
HT351-T-INT Internal failure 4
of line 155 heat
tracing
RWOO1-A-INT Internal failure 3 Put reactor in cold
of segment | shutdown as per Tech.
Spec.
RWOO2-A-INT Same, segment 2 2 Same
RWOO3-A-INT Same, segment 3 2 No backup-call
ﬁuintmnce

062
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SYSTEM: Condensate Storage Tank

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATUR RESPONSE Tu PE REMARKS
CSO01-A-INT Internal failure 3 . Use city water to supply |Not addressed in
of CST AFW procedures - but in
System Description,
CSO03-A-INT LCV-1158F0 2 Close LCV-1128 and CRO would likely
LCV-1128A have NPO check
hotwell sightglass
before taking
action
CSO04 -A-H Operator fails to 5/3 NA
ciose LCV-1158 on
alarm
CSO0S-A-INT Failure of 3 Close LCV-1158
flowpath to
hotwell
CSO11A-A-INT |CST alarm failure 3 NA
CSO11-A-INT CST level switch 2 NA The operator would
LIC-11025 fail probably not be
high aware LIC-1102S had
failed, Operator
would l1kely have
NPO check
sightglass on
hotwell before
taking action
CSO15-A-INT Failure of path 3 Use city water to supply [Not in procedures -
from CST to AFW AFW but in System De-
scription,
CS020-LL Low hotwell level 3 Open LCV-1158
EE-ATL Low ambient temp 3 NA

e ——
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SYSTEM: Condensate Storage Tank

B TS

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

R R RN

PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGURY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS
EE-CSO15 No flow in path 2 Start TD AFWP 32 The lack of flow
from CST to AFW Not in procedures - but [causes the flow
in System Description. path to freeze, so,

the lack of flow
would have resulted
from a failure to
operate MD pump 31
or 33

HTG320-T 4

HT341-LEF * 3

HT341-T-INT 4

oy -
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

£62

SYSTEM: Transient (TR)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE

DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO PE REMARKS

CCGRETRN-A 4

CCGTBEQ] 4

CCG1000-A 4

€D VAL 4

CR-01-A 4

CV-LOCH 4

Cv-LOLD 4

EPAGI2 4

EPAGLY 4

EPAZE-T 4

EPAZS-T 4

£PGO1 4

MF-SG631323334 3

PIRXTRIP Reactor trip on 3 Reactor trip procedure There is too much

PZR fault (PEP-RPC-1) instrumentation on

PZR for operator
not to know
conditions also
repsonse would be
slow to operator
induced transients,
leaving time to
correct
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

SYSTEM: Transient {TR)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STImULUS ACTION OPERATOR RESPONSE TU PE REMARKS
RCPMOL-INT 4
RCPMO2-INT 4
RCPMO3-INT 4
RCPMO4-INT '3
SIPHASEB 4
TRETI0A Boron dilution 2 Emergency borate in Operator could
accidents accordance with respond to faulty
PEP-CVCS-3 boron sample, but
power and
temperature
instruments would
point out error
TRETLIG Cold water 2 Drive rods Would be a minor
addition POP 2-1 reactivity
addition, well
within capability
of control systems
TRET1OH Excessive load 2 Runback turbine load
increase SOP 16-4
TRET101 ositive 2 Insert rods or borate Category 2 due to
reactivity 1’0 2-1 backup indication
insertion available
TRETI00 THER Miscel laneous core 2 Insert rods or borate
power excursion POP 2-1
TRET11A Closure of all 3

(PER-RPC-1)

Reactor trip procedure
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

R RO R RN RERRRRRDRDRDRR

SYSTEM: Transient (TR)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCPIPTOR CATEGORY STIMULUS ACTION OPERATOR RESPONSE TO P& REMARKS
TRET118 Increase in 1 Level recorder Uperator increases [Reactor trip procedure Require ;. "tunnel
feedwat: ~ flow 1n fails as 1s feed to raise if > 10% power vision” on a single
one ste. slightly low fevel (PEP-RPC-1) level indication
generator PEP FiW-1
TRETLIC Increase in 2 Same
feedwater flow
in all SGs
TRETLIF Tnrottle valve 3 Same Turbine trip Indian
closure/EHC Point does not have
}control problems an EHC system,
(loss of stop oil Equivalent fault in
pressure) “loss of stop oil
pressure”
iRET1I16 ﬁfﬁemrotor fault 2 Same
lor generator trip
TRETLIH Misc turbine gen 3 Same
accidents
TRETLLI Turbine trips 1 Turbine vibration Operator trips Same
[monitor fails to > |[turbine
15 MILLS S0P Te-4
TRET12A Control rod 2 Reactor trip procedure
problems (PEP-RPC-1)
TRET12D spurious auto trip 3 Same
TRETI2E ator error 5 Same Stimulus can only
ausing trip be identified if

know specific error
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SYSTEM: Transtient (TR)

PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTION TABLE

PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
UESIGNATOR DESCRIPTOR CATEGORY STIMuULLS ACTION OPERATOR RESPONSE TO PE REMARK S
TRETI2F Manual trip 5/2 Same Redundant trip
resulting from indications needed
false signal before operator
would trip turtine
TRET126G Spurious trip 3 Same
Cause unknown
TRETI2H |Primary system 2 Same
pressure, temp,
power imbalance
TRET7A Feedwater break 3 Loss of feedwater
procedure (PEP-FuW-1)
TRET7D Fu flow 5 Same
instability
operator
TRET7E Same mechanical 3 Same
TRETIH Other secondary 3 Same
leakage
TRETBA Trip of one MSIV 2 Reactor trip procedure
{PEP-RPC-1)
TRETS8 Trip of 2 0r 3 2 Same
Ivs
TRETSC Partial closure of 2 Same
1 or more MSIVs
TRETED osses of steem 2 Same

flow other than
MSIV trip

S I N 7
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PRIMARY EVENT (PE) - INDUCED HUMAN INTERACTIUN TABLE

SYSTEM: Transient {TR)
PE PE REVIEW STIMULUS AND HUMAN ACTION CAUSING PE
DESIGNATOR DESCRIPTOR CATEGORY STIMULUS ACTION CPERATOR RESPONSE TO PE REMARK S
TRET98-F Losses of coolant 2 Reactor trip procedure Procedure calls for
fiow other than (PEP-RCP-1) tripping reactor
Ciw before tripping
pump
TR-LOOP Loss of power to 3 Same emote possibility
necessary plant of operator
systems securing power to
necessary equipment
TR-SPSI Spurious safety 2 Same Parameters that

injeciton

initiate SI have
redundant
indications
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APPENDIX £
COMPUTER COST ACCOUNTING

E.1 ALLOCATION OF PROJECT EFFORT

The following breakdown reflects the particular emphases of this project,
and is not offered as a model. In particular, the emphasis on functional
coupling reflects the particular methodological emphasis of this project.
Percentages quoted correspond to fractions of the total budget.

Functionally coupled interactions 74%
Spatially coupled interactions 7%
Induced-human coupling 9%
Integration of results, ranking of discovered 8%

interactions, preparation of draft final
The balance of effort has been allocated to issuance of a final report.
E.2 COMPUTER COSTS

This appendix is a comment on the computing costs incurred in this pro-
ject. It has been suggested that fault tree codes are not particularly effi-
cient in SI studies seeking only low-order cutsets, and that alternative
algorithms might offer advantages in situations where only single-element and
two-element cutsels are desired. The point to be made here is that obtaining
low-order cutsets need not be particularly expensive using a fault tree code
either,

Table E.1 compares costs of obtaining cutsets to second order with costs
of obtaining cutsets to fourtn order (third order in one case). The column
labeled "CCUs" gives the cost of obtaining minimal cutsets for the indicated
top event. One CCU (computer charge unit) corresponds to approximatly $1.60.
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Tre column Tabeled "level" indicates whether cutsets were obtained in terms of
primary events (in which case the label is "S" for "segment level") or in
terms of "Independent Subtrees" (IST). In the latter case, the actual number
of cutsets is much greater than indicated, because a typical "event" appearing
in the cutsets may actually be a logical sum of several primary events.

One sees that running sequences out to two-element cutsets costs typical-
ly a few dozen CCUs or less. Running them out to fourth order costs substan-
tially more. The second-order calculation is hardly prohibitive.

These costs are not a measure of the computer budget. In this project,
computer costs have been dominated by permanent file storage.
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Main Feedwater System (Continued)

Fire Zone

Component [L and MCC 311
Event Name 39A | 41A | 54A | 55A | LO

—
~J4
>

Circ. Pump 34 X
CRO34-LF

Circ. Pump 35 X
CRO35-LF

Circ. Pump 36 y
CRO36-LF

LS )
—

Cond. Pump

xi
CD-PP31-LF

)
o

Cond. Pump 3

n X¥
CD-PP32-LF

xﬂ'
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High Pressure Injection

Fire Zone

Component ID and
Event Name

10A

11 | 12A 14 15

17A

60A

FULZ-

SI Pump 31
HPO02-A-INT

X*

SI Pump 32
HP0OO3-A-INT

x*

SI Pump 33
HPOO4-A- INT

x*

MOV 1852A
HPOO7A-A-INT

Xt

MOV 18528
HPOO7B-A-INT

X*

MOV 1835A
HPOO7 C-A-INT

X*

MOV 18358
HPOO7 D-A-INT

xt

BIT Heater 31
HPOOQ7-HTR31-INT

x*

BIT Heater 32
HPOO7-HTR32-INT

X*

MOV 843
HPO11A-A-INT

MOV 842
HPO11A-A-INT

MOV 856J
HPO13-A-INT

MOV 856H
HPO14-A-INT

MOV 856C
HPO16-A-INT

MOV 856E
HPO18-A~INT




304

High Pressure Injection (Continued)

Fire Zone
Component ID and
Event Name 9 10A 11 | 12A 14 15 | 17A | 59A | GO0A
MOV 887A :
HPO3A-A-INT ’
MOV 8848 X

HPO3A-A-INT
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Low Pressure Injection

Fire Zone
Component ID and
Evant Name 3 4 sa | 72| 9A 11 ] 128 ] 14| 15 ] 17A | 60A | 69A
RHR Pump 31
LPOSA-A X* X X X X X X X
RHR Pump 32
L POABA X * | X X X X X X X X X
MOV 8998 .
LPO9A-A
MOV 747 X
LPOYA-A
MOV < O "
LPOSs-n
MOV 8294 )
LPO9B-A
MOV 746
LPO9B-A X
MOV 640 | |
LPO9B-A X
MOV 1869A
LPOO8-A X
MOV 18698
LP0O08-A X
MOV 889A
LP14B-E X
MOV 8898
LP14A-E X
MOV 745A
LPO06-A X
MOV 7458
LPO06-A X
MOV 885A
LPO15-E X
MOV 8858 ¥

LPO15-E
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Auxiliary Feedwater System

Fire Zone
Component ID and
Event Name 78 | 11 | 14 ] 15 | 23 |52a [ 57A |60A |73A |74A
AFW Pump 31 .
AF010-A-INT 4 LA 0 L R 5
AFW Pump 32
AF011-A-INT X X X x* | x X
AFW Pump 33
AF009-A- INT X X X X+ X X
PCV 1134
AF032-A- INT £ B A0 K £ ol RaE T
PCV 1135
AF030-A- INT o X X X px®pXx g
PCV 1136 /
AF026-A-INT X X X X X x* | x X
PCV 1137
AF028-A- INT o B S I e Bt £ B,
FCV 406A ]
AF015-8- INT
FCV 4068 i
AF014-B-INT
FCV 406C s
AF012-B-INT :
FCV 406D F i
AF013-B-INT
PCV 1187 .
AF006-A-INT
PCV 1188 .
AF008-A- INT '
PCV 1189 K *
AF004-A- INT
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Component Cooling Water System

Fire Zone

Component 1D and

Event Name 1 4A 7A 11 | 12A 14 15 | 58A | 60A
o |l [ ]
s || 1] 1|

CCW Pump 33 > X X X X X X

CCOO03-A-INT
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Service Water System

Fire Zone
Component ID and
SW Pump 31 . .
SWC3-A-INT X X X X
SW Pump 32 -
SWC2-A-INT X X X X
SW Pump 33 )
SWC1-A-INT X X X X
SW Pump 34 |
SWN3-A-INT X X X X*
SW Pump 35
SWN2-A-INT X X X x>
SW Pump 30 ; F . 3

SWNI-A-INT
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Instrument Air System

Fire Zone

Component 1D and ]
Event Name 14
Compressor 31 Y
IAD1A-A ;
Compressor 32 x*
IAQ1B-A
Cooling Water

Pump 31 x>
IACIA-A
Cooling_Water

Pump™ 32 X

JAC1B-A
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Station Air System

Fire Zone

Component 1D and
Event Name 19 | 38A

St. Air Compressor| yu
SAO1-A-INT '

Closed Clg Water
Pump 31 3
SACCS1-A-INT

Closed Clg Water
Pump 32 b
SACCS2-A-INT
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RCP Seals

Fire Zone

Component ID and
Event Names

17A

59A

70A

71A

AOV 261A
RCSIEO3

X*

AOV 2618
RCSIEO3

Xi

AOV 261C
RCSIEQ3

X*

X*

MOV 769
CCGTBEOL

MOV 797
CCGTBEOL

RIC 625
RCTBO6-A~INT

xi

MOV 789
RCTBO6-A-INT

RCV 625
RCTBO6-A-INT

MOV 222
RCSI09-A-INT
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Chemical and Volume Control System

Fire Zone

Component ID and
Event Name

1 2A 3A 4A 5

o

7R

11

12A

Charging Pump 31
RCVO1-A-INT

Charging Pump 32
RCV0O2-A-INT

X b S

Charging Pump 33
RCVO3-A-INT

x*

LCV 1128
CVCHEOQ4

xt

LT 112
CVCHEO1

Valve 374
CVCHO7-A-INT

RCV 142
CVCHO7-A-INT

FCv 1108
CVCH11-A-INT

FCV 111A
CVCH16-A-INT

BA Transfer
Pump 31
CYCHIB-A-INT

x*

BA Tk 31 Heater
CVCH20-A-INT

x*

LCV 112C
CVCHO9-A-INT
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Chemical and Volume Control System

Fire Zone

Component 1D and
Event Name

14

15

17A

1A | 27A

30A

31A

58A

59A

60A

68A

Charging Pump 31
RCVO1-A-INT

Charging Pump 32
RCVOZ-A-INT

Charging Pump 33
RCVO3-A-INT

LCv 1128
CVCHEO4

LT 112
CVCHEO]

Valve 374
CVCHO7-A-INT

X*

RCV 142
CVCHO7-A-INT

x*

FCv 1108
CVCH11-A-INT

x*

FCV 111A
CVCH16-A-INT

x*

BA Transfer
Pump 31
CYCHI8-A-INT

BA Tk 31 Heater
CVCH20~-A-INT

LCV 112C
CVCHO9-A-INT

x*
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Chemical and Volume Control System

Fire Zone

Component ID and
Event Name 17A | 59A 71A | 87A

AQV 213A

y*
CVL10-A-INT

AOV 2138

CVL10-A-INT A

MOV 222 X
RCSIO9-A-INT

AQV 201

. X*
CVLO4-A-INT

AOV 202

. : X*
CVLO4-A-INT

AOV 200A
CVLC3-A-INT

AOV 2008

nn A ' X*
CVLO3-A-INT

AOQV 200C

- - X*
CVLO3-A-INT

LCV 459

CVLO1-A-INT X*

LCV 460

x*
CVLO1-A-INT

LT 460

LT 460-A X*

LT 461
LT 461-A X*

HCV 123

o
CVL1Z-A-INT
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Pressurizer

Fire Zone

Component ID and

Event Name

7A

11

60A

70A| 71A

73A

75A

78A

86A

87A

LT 460
LT 460-LF

x*

LT 461
LT 461-LF

x*

PT 455
PT 455-LF

X*

PT 456
PT 456-LF

X*

PT
PT ¢

>
o

7
7-LF

4

x*

PT 474
PT 474-LF

x*

MOV 535
PZ 335-INT

x*

MOV 536
PZ 336-INT

Xi

Przr. Htrs
PZ 501-A

X*

PCV 455C
PZ 301-A

X*

PCV 456
PZ 351-A

x*
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Sequencer

Fire Zone

Component ID and
Event Name 14 15 39A

SI Cabinets

xi
(SI Relays)

480V Busses
(480V motor X*
Control Relays)

Relay 63X1-BFP1

Y *
SE-63X1-BFP1-S

Relay 63XI-BFP2

x*
SE-63X1-BFP2-S
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Refueliny Water Storage Tank

Fire Zone

Component ID and

Event Name 17A
MOV 885A X

LPO15-E

MOV 885B X

LPO15-E
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Transient

Fire Zone

Component ID and

Event Name 17A
MOV 784 :
CCGRETRN-A

MOV 786 %

CCGRETRN-A
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Electric Power System

Fire Zone
Component ID and
Event Name 37A
Brkr 52/ST5 X *
EPAQ2 '
Brkr 52/UT1 X
EPAS8
Brkr 52/UT2 y*
EPASI
Brkr SZ/UT3 X *
EPAS4
Brkr 52/UT4 y*
EPABD
Brkr 52/5T6 X *
EPAQS
Tie Breaker
52/UT1-ST5 X*
EPASSY
Tie Breaker
52 /UT2-ST5 X*
EPAS3
Tie Breaker
52/UT3-ST6 X*
EPASE
Tie Breaker
52/UT4-ST6 X¥
EPAGL
6.9 KV Bus 1 X*
EPAZ4
6.9 KV Bus 2 X
EPA52
6.9 KV Bus 3 y*
EPA5S5
6.9 KV Bus 5 g

EPAD2
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Electric Power

Fire Zone

Component 1D and
Event Name

14

37A

6.9 KV Bus 4
EPA25

x*

6.9 KV Bus 6
EPAQY

x*

Brkr 52/5S5
EPAQ3

x*

Brkr 52/5S2
EPADE

X*

Brkr 52/SS3
EPA13

x*

Brkr 52/5S6
EPALD

Y *

St. Serv. Xfmer 5
EPAQ3

x*

St. Sery. Xfmer 2
EPAQDE

X*

St. Sery., Xfmer 3
EPA12

X*

St. Serv. Xfmer 6
EPALD

xi'

Brkr 52/5A
EPAQ3

x*

Brkr 52/2A
EPAOE

x*

Brkr 52/3A
EPA13

X*

Brkr 52/6A
EPA14

x*
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Electric Power

Fire Zone

Component ID and
Event Name 10 14 101A] 102A

480V Bus 5A

EPADN4 X*

480V Bus 2A
EPAQ7

X*

o i

480V Bus 3A

EPA 14 X*

480V Bus 6A |
EPAL]

Tie Breaker
52 /2AT5A X *
EPA15
Tie Breaker
52 /2AT3A (*
EPAlE
Tie Breaker
52,»’/ 3AT6A ) *
EPA17 i
DG Breaker '
52 /EG3 Xt
EPAQS
DG Breaker
2/EG] X*
|_EPADE
DG Breaker
52 /EG2 X*
EPA12

DG 33 =
EPAO5

x*

DG 31

>
EPAOS X

DG 32

*
EPA12 X
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gElectric Power

Fire Zone

Component ID and
Event Name

11

14

17A | 38A | 39A

40A

a2A

37A

INEAR
55A

mMCcC 39
EPALS

Xi

MCC 36A
EPA22

X'l

MCC 38
EPA30

X*

MCC 36C
EPALS

x*

MCC 34
EPAZT

Xt

MCC 33
EPAZE

x*

x*

x*

x*

MCC 368
EPAZ3

X*

MCC 37
EPAZ1

x*
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Clectric Power

Fire Zone

Component ID and
Event Name

10

11

12 13 14

INEAR
55A

Batt. Chg. 31
EPD21

x*

Batt. Chg. 32
EPD22

x*

Batt. Chg. 33
EPD23

x*

Batt. Chg. 34
EPD24

x*

Batt. 31
EPD11

X'

Batt. 32
EPD12

x*

Batt. 33
EPD13

Xt

Batt. 34
EPD14

X*

125V DC Pwr.
Pnl. 31
EPDOL

X*

125V DC Pwr.
Pnl. 32
EPDOZ

X*

125V UCU Pwr.
Pnl. 33
EPDO3

X*

| £PDO4

L EPD3132

125V DC Pwr.
Pnl. 34

x*

125V DC Pnl.
31/32 Tie Brkr

X*
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Electric Power

Fire Zone

Component ID and
Evant Name 11 15 66A

125V DC Dist
Pnl. 31 Xxe
EPDO1-31

125y DC Dist
Pnl. 33 i

|_EPDO]-33

125V UC Dist
Pnl. 32 R
EPDO2 - 32

125V DC Dist
Pnl 34
EPDOZ-34

Inverter 31

EPI01 x*

Inverter 32

EP102 x*

Inverter 33 y*
EPIO3 ’

Inverter 34 y*
EPID4

118V AC Inst.
Bus 31 X*
EPIZ2]

118V AC Inst.
Bus 32 X*
EPI22

TI8V AC Inst.
Bus 33 X*
EPI23

118V AC Inst.
Bus 34 xX*
EPIgz

Unit Aux Xfmer

EPAS7 x*
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