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NRC SUMMARY

The NRC staff has been evaluating methods that analyze for
intersystems dependencies. The evaluations were both (a)

toward resolving Unresolved Safety Issue A-17 (Systems
Interaction in Nuclear Power Plants) and (b) toward improving the
analysis for dependencies in Probabilistic Risk Assessments. Two
methods, Digraph-Matrix Analysis and Fault Tree/Interactive
Failure Modes & Effects Analysis, appeared effective although
previously not applied on a large scale to nuclear systems. This
report describes the demonstration of the Digraph-Matrix Analysis
on a large fraction of the systems at one nuclear power plant.
The demonstration of the Fault Tree/Interactive Failure Modes &
Effects Analysis is described in NUREG/CR-4207.

The objective of the systems interaction analysis was to provide

assurance that the independent functioning of selected
safety-related systems was not jeopardized by components that
cause faults to be dependent. The results reported here came
from work beyond the routine criteria used by the NRC to license
nuclear power plants. The report should be read as a technical
evaluation by the laboratory performing the analysis rather than
as a safety evaluation performed by the licensing staff of the
NRC. The NRC resolution of USI A-17 will include both a safety
evaluation and a regulatory analysis.

The demonstration plant was selected primarily based upon the
cooperation extended by the utility toward a resolution of USI
A=17. A copy of the draft report was provided to the utility and
placed in the Public Document Room on July 3, 1985.

Volumes II through V, containing the supporting digraphs and
matrices, are available at the MRC Public Document Room,




FOREWARD

publizhed. The complete document is on file with the authors and Frank
Coffman of the Reliability and Risk Assessment Branch of the Division of
Safety Technology of the Office of Nuclear Reactor Regulation of the

U. S. Nuclear Regulatory Commission. The complete document consists of
five volumes. These are:

Yolume 1
Ta Main Report
1b Enclosures (contains full set of results)

Yolume 2
Kppendix A: Overview of Digraph Matrix Analysis

Volume 3
Appendix B: DMA Digraphs and Reference Drawings

Yolume 4
Kppendix C: Adjacency Lists

Yolume 5
Kppendix D: Probability Data Base

In order to make this report more readable, we have included some of the
contents of the results volume (1b) in this Volume (12). We have alsc
included the introduction and the first data base 1isting from

Appendix D. A complete and detailed review of this study will require
all five volumes.

This report consists of five volumes only one of which is being
\
i
|
|




ABSTRACT

Digraph Matrix Analysis (DMA) has been under development as a tool

to search for systems interactions at nuclear power plants. This report
presents the DMA methodology and the results of the analysis of selected
safety system combinations at the Indian Point Three nuclear power plant
so as to allow a comparison with a competitive analysis performed by
Brookhaven National Laboratory. The plant speci®ic results of this study
were as follows:

‘.

No new systems interactions were found in the front-line safety
injection or feedwater systems when analyzed separately.

The analysis of the complete systems including support systems such
as electrical power and service water uncovered the following
significant systems interactions:

&. Improper aligmment of a manually set valve in the service water
system in conjunction with the loss of offsite power will cause
the failure of the diesel generators resulting in a RCP seals
failure along with the failure of safety injection leading to
reactor core damage.

b. Faflure of an electrical interlock (a set of contacts) in
conjunction with the loss of offsite power will cause the louss
of multiple trains of front-line systems.

A singleton which was found by Brookhaven National Laboratory in the
electrical system supporting Low Pressure Injection was verified by
the DMA analysis.

Several key locations were found which were common to redundant
trains of front-1ine systems. However, we did not find initiating
events in these locations.

The evaluation of the effects of potential operator actions
indicated that:

a. Operator actions that initiate safety actions such as starting
pumps and opening valves, greatly improve system relfiability.

b. Operator overrides that terminate safety actions should be
allowed only with the concurrence of a supervisor,

c. There is a significant difference between operator action
dealing with front-l1ine systems and operator actions dealing
with support systems.
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EXECUTIVE SUMMARY

Studies of the events at Three Mile Island-2 [3], Browns Ferry-3 [4-8)
and Crystal River-3 [9] have indicated that complex systems interactions
can occur as a result of dependent failures. Methods for identifying
these intersystem dependencies have been limited. As a result, the
Nuclear Regulatory Commission (NRC) is pursuing a program to define
methodologies that will characterize the spatial and functional coupling
of nuclear power plant systems.

At present, the NRC is considering two methodologies for system
interaction studies. One approach is the expansion of the fault Lree
analysis portion of Probabilistic Risk Assessments (PRA) by putting
additional emphasis on dependence analysis techniques. The second
approach is based on graph-theoretic methods utilizing a conditioned
matrix representation of logic diagrams called Digraph Matrix Analysis
(DMA) [18, 19, 20]. This risk assessment technique is applied in
conjunction with an event tree anzlyses identification of accident
sequences or system combinations,

This report documents the analysis of the Indian Point Plant, Unit 3
(IP-3) for adverse systems interactions using DMA, The primary objective
of the study was to compare the effectiveness of DMA in finding systems
interactions. To this end a parallel study was funded at Brookhaven
National Laboratory (BNL). The results of this study and the BNL study
will then be compared by NRC to the results of a similar study performed
by the Power Authority of the State of New York. A secondary objective
of this study was to determine systems interactions in selected
combinations of safety systems at IP-3,

In a DMA of a system combination, a large single integrated logic diagram
(including AND and OR gates) is created which 1s then analyzed for single
components and pairs of components whose faflure can cause safety
function failure. This single mode! includes all front-line systems in
the system combination along with all necessary support systems. The
Togic diagram (digraph) is constructed directly from the plant piping and
instrumentation diagrams (P&IDs), electrical one 1ine drawings, and other
schematics. Logfic connectives (AND and OR gates) are added to these
Togic diagrams to represent dependence between components. The digraphs
thus closely resemble the system schematics. This resemblance to the
physical system allows the digraphs to be easily reviewed and corrected,
if necessary. Also, changes in plant construction can be readily
incorporated into the digraph without monstructing the entire system
digraph. The digraphs are also not Timited to the “tree" structure of
the more traditional fault tree and can represent cyclic structures. The
digraphs are processed through a computer code ba on a conditioned
reachability calculation which finds the tota! connectivity of the
digraph. Both single components and pairs of components which can affect
the operation of other components are found by this reachability
calculation, (f.e., faflure of A can affect operation of B). By defining
a top event component, such as the failure of high pressure safety
fnjection, all single components (Singletons) and pairs of components
(Doubletons) can be determined which will cause the top event to occur.
Ten combinations of systems were chosen as top events for this study by
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NRC. Accident Sequence failure probabilities are determined from the
si:ghton and doubleton failures. These probability calculations were
performed to gain a comparison between systems and as a means to compare
with other PRAs.

Each system combination consists of several front-line systems along with
their support systems and human interactions. Ten system combinations
were analyzed. The front-line systems included high pressure injection,
low pressure injection and recirculation, accumulators, main and
auxiliary feedwater, safety injection actuation, pressure operated relief
valve and main coalant pump seals. The support systems included service
water, component cooling, control and lube oil, electrical power,
instrumentation and control, instrument air, nitrogen to nuclear
equipment and city water supply. The analysis also included dependencies
resulting from shared locations or envirommental conditions within the
plant.

The ten system combinations were chosen by the NRC from a list of
“initiating events and event trees that identified accident sequences that
might Tead to core melt. The front-line systems that perform vital
safety functions were combined with their support systems to form
accident sequences that begin with a specified initiating event and lead
to “plant damage states”. The ten accident sequences analyzed are listed
on the following page.



Description

of Systems

5101 Medium LOCA and Loss of Low Pressure Injection
S,u, Medium LOCA and Loss of High Pressure Injection
S,(Q)y; PORY LOCA and Loss of High Pressure Injection
Sz(P)U, RCP seal LOCA and Loss of High Pressure Injection
(TTIML Turbine Trip and Loss of Feedwater
(LOOP ML Loss of Offsite Power and Loss of Feedwater
S,(PIML RCP Seal LOCA and Loss of Feedwater
S,(QIML PORY LOCA and Loss of Feedwater

AR Large LOCA and Loss of Recirculation
0. S.luil)1 Medium LOCA and Loss of A1l Injection

1.
2.
3.
4,
5.
6

7

8.
9.
1

Definitions
High Pressure Injection During Injection Phase
Low Pressure Injection During Injection Phase
Recirculation Cooling During Recirculation Phase
Sz(P) Small LOCA (RCP Seals induced)
Sz(o) Small LOCA (PORY induced)
Medium LOCA
Large LOCA
Main Feedwater
Auxiliary Feedwater
Turbine Trip
Loss of Offsite Power




Within the scope and limitations of this Digraph Matrix Analysis to find
Systems Interactions at Indian Point-3, we have reached the following
conclusions:

1. When we evaluated the front-line systems while assuming that the
support systems' probability of failure was zero, we found that the
safety injection and feedwater front-line systems were rob: ..

2. When we evaluitad the interactions of both front-line and support
systems, we found the following significant systems interactions:*

a. ITLBKR3AT6A, the failure of an interlock in the auto closing
circuits for breakers EG2 and 2AT3A prevents closure of these
breakers ur Tess breaker 3AT6A is open. Physically, the
interlock is a "b" contact breaker auxiliary switch. If
breaker 3AT6A is closed, or 1f the “b" contact fafls to clcose
when that breaker is open, then the interlock fafls and EG2 and
2AT3A will not close automatically. Under loss of offsite
power circumstances, this can cause the loss of multiple trains
of front-line systems. In particular, auxiliary feedwater
pumps 31 and 33 and two of the three safety injection pumps as
well as residual heat removal pumps 31 and 32 will not start
automatically. Similarly, a "b" contact interlock on breaker
2ATSA prevents diesel supply breakers EG] and EG3 from closing
automatically (see Section 3.2 for detafls).

b. The improper aligmment of a valve (either SWN-29 or SWN-30) in
the service water system can cause all three -rgoncy diesel
generators to fail. In the event of a loss of offsite power,
the failure of these diesels will cause the loss of cooling to
the reactor coolant pump seals resulting in a seal rupture.
This seal rupture Teads to a LOCA at a rate of about 2000 gpm.
The loss of the diesels also will prevent the use of safety
injection leading to potential core damage.

3. When we evaluated front-1ine and support systems with location
vilnerabilities, we identified several key locations though we did
not find initiating events.

Locations LOCDP (480 V bus locatfon), LOCOO1 (AFW pump room),
LOCSIPRM (SI pump room) were vitally important and presently
secure,

4. When we evaluated front-line and support systems together with their
Tocation vulnerabilities and their interactions with operator
actions, we concluded:

¥Note: In JuTy Y984 Brookhaven National Laboratory fdentified a safety
violation at Indfan Point-3 (medfum/large LOCA and failure of Battery 32).
changing a modeling assumption in the load shedding mode! of the electrical
system we were able to reproduce this result (See Section 2.4.1).

xii
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c.

Operator actions that initifate safety actions, such as starting
pumps and opening valves, greatly improve reliability and
should generally be recommended for both safety injection and
feedwater systems.

Operator actions that terminate safety actions, such as
stopping pumps or closing valves, should only be allowed with
the concurrence of a supervisor.

There is a significant difference between operator actions
dealing with front-line systems instead of support systems.
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Adjacency Matrix

Component

Compression

Condensation

Cut Set

Digraph

Doubleton

Edge

Functional
Dependency

LWR
NRC
Node

GLOSSARY

The Boolean matrix which describes connectivity
between a node in a graph and its “nearest
neighbore”.

A component is a physical element, human action,
or location which can significantly impact system
operation.

A computer processing step in the DMA processing
sequence in which redundant (repeated) lines of
input in the adjacency data are deleted.

A computer processing step in the DMA processing
sequence in which nodes in series are combined
under certain conditions into a single node.

The term “cut set" is used in this report to mean
a component or group of components whose failure
would cause system(s) failure.

Digraph Matrix Analysis is the procedure through
which a conditioned directed graph of a system is
constructed, processed, and displayed to yield
failure cut se%s of the system.

A graph consisting of a group of nodes and
logical connectives which also indicates the
direction of flow of effects.

A pair of components whose joint failure will
cause system(s) failure.

A directed connection between two nodes.

Dependency due to either process coupling of
support systems or human actions.

Light Water Reactor

U. S. Nuclear Regulatory Commission

The symbol in the digraph which represents a
physical component, physical location, plant
operating mode, or human interaction.

Pressurized Water Reactor
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Reachability Matrix

S
Singleton

Spatial Dependency

Strong Component

Systems Interaction

Unit Model

The Boolean matrix which describes all possible
pairs of connections between all pairs of nodes
in the digraph.

Systems Interactions

A single component whose failure will cause
system(s) failure.

Dependence due to shared location or shared
envirommental cond tions.

Consists of a group of nodes which are
bi-directionally and unconditionally connected.

Spatial and functional coupling (including human
actions) between systems that leads to
interdependencies.

A detailed digraph model of a specific component
of the system. The unit model represents the
decomposition of a large component, such as a
valve, into its parts. The unit model can be
either generic or specific.
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LIC Level Indicating Controller

LLT Low Level Trip
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Temperature Recording Controller
Temperature Transmitter
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1.0 INTRODUCTION
1.3 Background

Approaches for the assessment of reactor accident risks have evolved over
a period of several decades. Early techniques to incorporate accident
risks in the design process included the design-basis accident approach;
safety assessments, typified by the WASH-740 EI] analysis used very
conservative (worst case) assumptions in evaluating the potential
consequences of a major reactor accident. More recently, the reactor
safety study (WASH-1300) [2] introduced the approach of Probabilistic
Risk Assessment (PRA) into the evaluation of reactor safety for generic
reactor types. Probabilistic techniques have been extended and refined
through subsequent PRAs that have been used to analyze several specific
reactors. PRAs to date have been successful in describing and evaluating
major accident sequences and the resultant risks. Success in identifying
more subtle hidden dependencies between systems or trains designed to be
independent has been more limited. Studies of the events at Three Mile
Island-2 (TMI-2) [3], Browns Ferry-3 [4-8] and Crystal River-3 [9) have
confirmed that complex systems interactions cam occur as a result of
unanticipated dependent failures.

The Nuclear Regulatory Commission (NRC) Action Plan developed as a resylt
of the TMI-2 accident (NUREG-0660) [10], identified Action Item II.C.3
“to coordinate and expand ongoing staff work on systems interaction
(Unresolved Safety Issue (USI) A-17] so as to incorporate it into an
integrated plan for addressing the broader question of systems
reliability in conjunction with IREP and other efforts.” The Division of
Safety Technology (DST) has coordinated the ongoing work between the
Generic Issues Branch (GIB) and the Reliability and Risk Assessment
Branch (RRAB). In February 1983, the activities (primarily USI A-17 and
TMI-2 Action Item II.C.3) were combined under the title of USI A-17.

Presently, the NRC systems interaction program is peoceeding toward (1)
the resolution of USI A-17, and (2) the development of procedures for the
consideration of intersystem dependencies in future reactor assessments.

Engineering systems are often designed with redundant trains in order to
improve system reliability. However, any common element or coupling
between trains can reduce system reliability. The term Systems
Interaction (SI) has been introduced by the NRC to characterize the
concept of spatial and functional coupling of nuclear power plant systems
which can Tead to system interdependencias. Spatial coupling refers to
dependencies resulting from shared environmental conditions within the
plant; functional systems interactions include coupling due to shared
support systems (process coupling) and interdependencies due to dynamic
?ul:z.orror. Dynamic human errors are those which occur during the
ncident.

The Office of Nuclear Reactor Regulation (NRR) of the NRC s pursuing a
program to further define and subsequently implement SI regulatory
requirements for 1ight water reactors (LWRs). Battelle Columbus/Pacific
Northwest Laboratories [11], Brookhaven National Laboratory [12], and
Lawrence Livermore National Laboratory [13], assisting the NRC,
recommended to the NRC that risk assessment techniques, such as event
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tree/fault tree methods supplemented by minimum cut set common cause/mode
analysis, combined with walk-through inspections coula be used for
identifying SIs. The Power Authority of the State of New York (PASNY)
has independently developed a systems interaction methodology for
application to the interconnected systems at Indian Point-3 [14,15]. The
method was based on “shutdown logic diagrams® which are success-paths of
operation sequences.

At present, the NRC is considering two concepts for a systems interaction
study.

One approach holds that systems interactions can be adequately analyzed
by expanding the scope and boundary conditions of the fault tree analysis
portion of a PRA and by putting additional emphasis on dependency
analysis techniques such as generic analysis [16] and minimum cut set
common Cause/mode analysis [16]. The NKC's initial guidance for this
point of view has already been initiated (17].

The second concept is based on graph-theoretic methods utilizing a
conditioned matrix representation of logic diagrams and is called Digraph
Matrix Analysis (DMA) [18,19,20]. This risk assessment technique would
be applied in conjunction with an event tree analysis identification of
the accident sequences or system combinations. DMA treats a system
combination consisting of several front-line systems along with their
support systems and human interactions as a single logic model. Thus,
instead of constructing a fault tree for each individual system in an
accident sequence, as in the Reactor Safety Study [2], the entire system
combination is modeled as a logic diagram (which includes AND and OR
gates) that resembles the layout of the actual plant hardware. The
advantages of such a model are: (1) the model directly includes the
cyclic mature of the physical system: and (2) highly efficient graph
based computer processing codes exist for identi fying Singletons and
Doubleton cut sets.*

OMA differs from analyses based on traditional fault tree techniques in
four major ways:

1. Construction of the logic model is performed directly from
plant drawings (piping and instrumentation diagrams, electrical
schematics, safety logic drawings). The resuiting digraph
model can be overlaid on the plant drawings. As a result, the
model can be readily understood, reviewed, and corrected.

2. The resulting digraph (directed graph with logic connectives)
is not Timited to a “tree” structure as are fault trees and
hence can represent physical situations which are cyclic,
Cycles generally arise from timing and sequencing effects of
the failure in a component. Cycles are quite common in piping
networks and electrical power and control schematics. Fault
tree analysts individually “break* every cycle and

¥ chﬁi'ca”y. the singletons and doubletons found in a DMA are not

cut sets of the digraph. They are single nodes or pairs of nodes
whose failure can propagate to a terminal node. The term cut set is
used only because of its use in fault tree analysis.
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construct a logical equivalent representation. Certain types
of cycles which arise in DMA must also be broken manually.

3. The digraph is processed through DMA computer codes which are
based on a conditioned reachability calculation. This matrix
calculational process identifies potential failure paths
(reachability) through the system logic model. These codes
determine single component failures ?Singietons) and pairs of
component failures (Doubletons) which would cause system
failure. Also selected tripletons can be determined.

4. DMA computer codes can process very large models. System
combinations consisting of front-line systems, their support
systems and human actions, can be modeled as a single digraph.
The model used in this study consisted of about 12,000
components. The ability of DMA codes to process such large
models is based »n its graph-theoretic approach as opposed to
the Boolean equation substitution codes used to find cut sets
of fault trees.

A review of the fundamental mathematical aspects of fault tree and DMA
risk analysis was presented in Ref. [18]. Initial guidance for DMA was
presented in Ref. [19]. A report on the results of a demonstration which
evaluated the high pressure safety injection system of a typical
pressurized water reactor was presented in Ref. [20].

Figure 1-1 illustrates how an enhanced fault tree systems interaction
approach (as suggested by BNL) would compare to the DMA approach. The
enhanced fault tree approach would consist of several medium-sized models
(fault trees) of front-line systems. These fault trees would have basic
events (e.g., A, B, C) and would be processed for minimum cut sets

(MCS). The listing of minimum cut sets would include the singleton,
doubleton, tripleton, etc., cut sets. Then, a minimum cut set common
cause/mode analysis based on Failure Modes and Effects Analysis (FMEA)
would be conducted to find higher order cut sets from each fault tree and
for the system combination that could be reduced to lower order cut sets
(e.g., ABC becomes D). In comparison, DMA constructs a single continuous
well-integrated logic model for the entire accident sequence in which the
intention is to model to sufficient detail such that the singleton D
would result naturally as a “basic event."
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1.2 Objective

The primary cbjective of this report is to provide a basis for the
comparison of effectiveness of the digraph matrix method with other
methods, including the method employed by the utility (Power Authority
for the State of New York) and the method employed by Brookhaven Nationa)
Laboratory. The effectiveness parameters to make this comparison are
(a) the ability to discover intersystem dependencies hidden withir the
plant, (b) the ability to rank-order intersystem dependencies that are
safety significant, and (c) the resource efficiency.

The secondary objective of this study is to analyze the Indian Point
Plant, Unit 3 for adverse systems interactions using Digraph-Matrix
Analysis (OMA). The methodology was reported in NUREG/CR 2915 [19].
This effort is intended to aid in the resolution of USI A-17.

1.3 Summary of Results

1.3.1 Overview of Results

The results of the Digraph-Matrix systems interaction study are presented
in the form of both minima) cut-sets and point estimate probabilities.
The system combinations selected for analysis are presented in Table

1-1. For example, system combination #1 corresponds to $104 (Med{um
LOCA and loss of Low Pressure Injection). The front-line system is the
Low Pressure Injection System and its support systems include:
Electrical, Safety Injection Actuation, Component Cooling, Service Water,
and Instrument Air, human interactions and locations.

In order to reach productive conclusions about both the safety
contributions of functional/spatial coupling and the effectiveness of
varfous methodologies, we evaluate each coupling contribution

separately. For each of the ten system combinations, four cases were run
to evaiuate the contribution of front-line systems, support systems,
Tocation and procedures to system failure including unavailability. Each
case had its own determination of singletons, doubletons and point
estimate probability. Table 1-1 forms a sumary of results using the
abbreviations listed below to define system combinations.

Definitions

Ui = Loss of High Pressure Injecticn During Injection Phase
Di = Loss of Low Pressure Injection During Injection Phase
R = Loss of Recirculation Cooling During Recirculation Phase
S2(P) = Small LOCA (RCP Seals induced)

S2(Q) = Small LOCA (PORY induced)

S1 = Medium LOCA

B = Large LOCA

™ = Loss of Main Feedwater

L = Loss of Auxiliary Feecwater

TT = Turbine Trip

LOOP = Loss of Offsite Power

> In this tabie, each probability given is the probability that a given
system combination will fail to perform its function. This probability
includes failure to function due to the effects of component
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unavailability prior to the accident and to component failure during the
incident. In the first case, only the effects of front-line component
failures and unavailability were considered. The second case analysis
added the effects of failures in the support systems. The third case
studied included any additional singleton and doubleton cut sets which
arise from common locations of components. In these three cases, both
the detrimental and beneficial effects of human intervention during the
accident were igi.ored. These operator effects were considered in Case
IV. In Case IVA, the effect of beneficial operator actions were
considered. In this case, correct operator actions were included (if
permitted by the IP-3 design) to mitigate the effects of component
failures. It was assumed that these correct actions would occur with a
probability of one. In case IVB, both beneficial and detrimental
operator actions were included (again where the IP-3 design would
permit). Typical detrimental actions included opening circuit breakers,
closing valves, etc. These incorrect opesator actions were
conservatively given a probability of 10-3,

The numbers of singletons and doubletons presented in this table,
indicate the number of first order and second order cut sets which lead
to system failure. The numbers listed include only cut sets which
contain actual physical components, that s, any cut set containing dummy
components used to simplify modeling was not counted. In the majority of
cases, most of the cut sets which lead to system failure include the
failure of components in support systems.



Table 1-1 Summary of Results

Case Case Case Case
I 11 I11 v
Frontiine Support Spatial Human
Systems(FL) Systems(SS) FL + SS+ FL + SS+
System Combinations Location(L) meedur?r
A
#1 35 D4 17 » 17 28 15 18
84 * 2349 2180 1854 2128
8.07E-4 + B8,09E-6 N/A 8.08E-4 2.83E-3
. pic] kZ4 ~ 23 23
#2 51U 535 4426 4552 34382 3862
7.32E-4 11.49E-4 N/A 2.25E-5 6.31E-5
0 0 0 0 0
#3 S2(Q)u; 28 28 63 12 12
2.30E-6 2.30E-6 N/A 9.87E-7 9.874E-7
"] 4] J o} ~ 0
#4  Sp(P)U; 0 3 0 0
0 See Text 0 0
q S B8 ') 0
#5 TrmML 0 0 35 0 4
1.04E-4 1.04E-4 N/A 0 4 74E-10
4 .4 ] 0 '
1.04E-4 1.09E-4 N/A 4, 75E-10 4.75E-10
4} U 0 U
#7 Sp(P)ML <28 na2 1467 0 0
4 30E-10 4,80E-10 N/A 0 0
0 0 0 0 0
#8  Sa(QML 21 2) 21 0 0
5.62E-6 5.62E-6 N/A 0 4]
7 7
#9 AR N/A N/A N/A 929 1055
2.22E-5 3.01E-5
6 [} o 4 “+
#10 Sy Uy Dy 54 424 430 213 300
3.34E-5 3.31E-5 N/A 3.29€-12 1.03E-12

— ¥ Number of singleton cut sets
** Number of doubleton cut sets
+ Unavailability and failure to function during accident



1.3.2 Sumary of Sfgnificant Systems Interactions

Within the scope and limitations of this Digraph Matrix Analysis for
Systrs Interactions at Indian Point-3, we have reached the following
conclusions:

1.

When we evaluated the front-line systems while assuming that
the support systems' probability of failure was zero, we found
that the safety injection and feedwater front-line systems were
robust.

When we evaluated the interactions of both front-line and
support systems, we found the following significant systems
interactions:*

a. ITLBKR3AT6A is an interlock in the auto closing circuits
for breakers EG2 and 2AT3A. It prevents closure of these
breakers unless breaker 3AT6A is open. Physically, the
interlock is a “b" contact breaker auxiliary switch. If
breaker 3AT6A is closed, or if the “b" contact fails to
close when that breaker is open, then the interlock fails
and EG2 and 2AT3A will not close automatically. Under
loss of offsite power circumstances, this can cause the
loss of multiple trains of front-line systems. In
particular, auxilfary feedwatir pumps 31 and 33 and two of
the three safety injection pumps as well as residual heat
removal pumps 31 and 32 will not start automatically.
Similarly, a "b" contact interlock on breaker 2ATSA
prevents diesel supply breakers EG! and EG3 from closing
automatically (see Section 3.2 for details).

b. Improper alignmment of a valve SWN-98 or SWN-99 in the
service water system can affect all three diesels (see
Section 3.2 for details). On loss of offsite power,
misalignment of this valve can cause an RCP seals LOCA and
prevent safety injection. This scenario leads to core
damage.

When we evaluated front-line and support systems with location

vulnerabilities, we identified several key locations though we

did not find initiating events.

Locations LOCDP (480 V bus location), LOCOO! (AFW pump
room), LOCSIPRM (SI pump room) were vitally important and
presently secure.

When we evaluated front-line and support systems together with
their location vulnerabilities and their interactions with
operator actions, we concluded:

*Note: 1In July 1984 Brookhaven National Laboratory identified a safety
violation at Indian Point-3 (medium/large LOCA and failure of Battery
32). By changing a modeling assumption in the load shedding model of the
electrical system we were able to reproduce this result (See Section

2.4.1)



a. Operator actions that inftiate safety actions, such as
starting pumps and opening valves, greatly improve
relfability and should generally be recommended for both
safety injection and feedwater systems.

b. Operator actions that terminate safety actions, such as
stopping pumps or closing valves, should only be allowed
with the concurrence of a supervisor.

c. That there is a significant difference between operatcr
actions dealing with front-line systems instead of support
systems.

1.4 Organization of Report

The complete report consists of five volumes, however only Volume 1 is
being published. The remaining volumes are on file with the Systems
Interaction branch, Office of Nuclear Regulatory Research, U. S. Nuclear
Regulatory Commission. Volume 1 is the main report which includes an
executive summary and a summary of results (Section 1.3). Section 2.0 of
the main report presents the scope of the study (Sec. 2.1), the
descriptions of the systems modeled (Sec. 2.2), and construction of the
system digraphs (Sec. 2.3) and system combination digraphs (Sec. 2.4).
Then Section 2.4 presents the minimal cut set results for each of the
system combinations selected. Section 3.0 gives the general qualitative
results. Section 4.0 gives the quantitative results for each system
combination selected.

Volume 2 contains Appendix A. Appendix A is an overview of DMA
methodology with examples and includes an outline of its computer codes.
Volume 3 consists of Appendix B and is the complete set of digraph models
and their associated system P&ID, electrical and logical drawings.

Finally, Volume 4 holds Appendix C, the Adjacency Listings (input file)
by system, and Volume 5 holds Appendix D, the Probabilistic Data Base
used in this study.

1.5 How to Use This Report

There are three basic approaches a reader may “ake with this report.
They are:
I. Just interested in results and conclusions:
Read: Volume I: Executive Summary
Abstract
Introduction
Section 2.1 Scope
Section 2.4 Minimum Cut Set Results
Section 3.0 Qualitative Results
Section 4.0 Quantitative Results
Section 5.0 Conclusion
I1. General review of entire study:
Read: Volume II: Review of DMA
then
Yolume I: Main Report
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ITI. Detailed Review

In order to perform a detailed review of this study, Volumes 3iie Ih

and V included in the unabridged version will be required. Volume III
contains the digraphs and corresponding system schematics (electrical
single Tine and piping and instrumentation drawings). In Yolume IV, the
DMA adjacency 1istings for these drawings are given. VYolume V contains
the probabilistic data base used for the quantitative analysis portion of
the study. It is suggested that the reviewer read the documents in the
following order:

Yolume II: Review of DMA
then
inspect a few digraphs and adjacency listings in
Yolumes III and IV.
then
Read Yolume [

-10-



2.0 DIGRAPH MATRIX APPLICATION TO IP-3

The technical objective of this study has been the application of Digraph
Matrix Analysis (DMA) to evaluate potential systems interactions in some
systems at the Indian Point-3 plant. To accomplish this objective it was
necessary to first identify systems and system combinations for analysis,
and to establish procedures for incorporating location, operation action,
and maintenance procedures into the assessment.

This section ¢f the report begins in Section 2.1 with a discussion of the
scope of the study which includes consideration of system and system
combination selection, as well as the incorporation of location, operator
action and maintenance. Section 2.2 presents system descriptions for
each of the systems selected for incorporation into the analysis.
Following the system descriptions, Section 2.3 provides discussions of
the system modeling efforts and the resuitant digraph models for each of
the systems. In Section 2.4, the system combination models and minimum
Cut set results a2 presented.

Ate



2.1 Scope of the Study
A Overview

The purpose of this section is to discuss the scope and limitations of
the study and to identify the constraints that led to that scope.

In the selection of a set of criteria to define the scope of this study,
we attempted to be both comprehensive (1.e., by including different types
of potential Sls involving human, spatial and support systems
interactions) as well as complete (1.e., by including as much of the
plant as possible). For example, if human procedural interactions were
excluded in order to ::commodate a greater portion of the physical plant,
then an appreciation of the importance of these potential SI candidates
would not be achieved.

The selection of the Indian Point-3 system combinations to be included in
this study was constrained by: (1) resources and time consicerations,
and (2) the desire that an SI study be directly integratable into a
Probabilistic Risk Assessment (PRA) effort. The resource and scope
limitations of this study have constrained us to the 19 individual
systems specified in Table 2-3, and to ten system combinations involving
these component systems (Table 2-4). The systems and system combinations
were selected in agreement with the NRC and with Brookhaven Nationa!
Laboratory (BNL).

The system combinations which were selected all lead to reactor core
damage. In order to limit the scope of the study, we excluded systems
which mitigate the effects of a core damage accident.

2.1.2 Initiators

Reactor core damage is a consequence of major concern. In this project,
we have attempted to evaluate and identify system combination scenarios
that might Tead to core damage. In particular, we first identify events
which have the potential to initiate such scenarics. We refer to such
events as "initiating events" or "IEs.* Each IE 'S the root of a
branching family of scenarios, some of which may lead to core damage.

Core damage can occur principally through inadequate heat removal
resulting from an excess production of power in the core or a loss of

Excess power would occur if there were an uncontrolled increase in
reactivity. Automatic shutdown (SCRAM) systems are designed to quickly
shutdown the reactor during off-normal conditions severe enough to
require prompt shutdown as detected by the protection systems. The
fdentification of events leading tc power excursion incidents can be
evaluated from experience and an understanding of‘}he reactor phenomena.

Inadequate heat removal can occur if there is a failure of the primary
coolant boundary, or if a loss of heat removal capability leads to
opening of pressure relief valves, and thus to a loss of coolant. In
order to avoid exceeding a thermal limit following a scram, the rate of
decay heat production should be somewhat less than its rate of removal by
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the various primary and secondary systems. A loss of primary coolant
flow, a loss of secondary side heat sink, or a loss of primary coolant
itself may upset this heat balance.

The events representing primary coolant boundary failure can be divided
into four initiating event categories:

1. Large Loss of Coolant Accident (LOCA)

2. Medium LOCA

3. Small LOCA

4. Leakage to Setondary Coolant
Any primary coolant boundary failure can be assigned to one of the
categories based on leak path or size.

One response to a primary cooling system failure is the use of emergency
core cooling systems (ECCS) (also termed safety injection systems). The
ECCS provides the capability of emergency removal of heat from the core.
The provision of such engineered safety features to control postulated
ac:idents is part of the defense-in-depth concept developed to enhance
safety.

The emergency core cooling systems must be capable of safely limiting the
consequences of a LOCA. Because the primary coolant system contains
water and steam under high pressure, a large pipe break would result in
rapid expulsion of a large fraction of this coclant into the contaimment
building surrounding the reactor. Immediately after shutdown of the
reactor, a substantial amount of residual heat (app. 5%) is still being
generated in the fuel from decay of the previously generated radioactive
fission products remaining in the fuel. Without provision for removal of
this decay heat, elements of the reactor core could melt with severe
consequences. Automatic control systems sense the occurrence of a LOCA
and coordinate the operation of the different parts of the ECCS as they
are needed. After a LOCA, the ECCS would supply water to the core via
spray and/or flooding systems as long as needed.

A 1ist of initiating events initially considered for our evaluation of
systems interactiors at IP-3 is given in Table 2-1.
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Table 2-1
INITIAL CHOICE OF INDIAN POINT-3 INITIATING EVENT CATEGORIES

1. LARGE LOSS OF COOLANT ACCIDENT
(pipe rupture greater than 6-inch)

c.  MEDIUM LOSS OF COOLANT ACCIDENT
(pipe rupture in range of 2 to 6-inch)

3. SMALL LOSS OF COOLANT ACCIDENT

(pipe rupture less than 2-inch fncluding leakage in reactor coolant pump

seals and power operated relief valves)

LEAKAGE TO SECONDARY COOLANT

LOSS OF REACTOR COOLANT FLOW

LOSS OF FEEDWATER FLOW

PARTIAL LOSS OF STEAM FLOW

TURBINE TRIP

REACTOR TRIP

10. STEAM RELEASE INSIDE CONTAINMENT

11. STEZAM RELEASE (DEMAND) OUTSIDE CONTAINMENT

12. CORE POWER INCREASE

13. LOSS OF OFFSITE POWER

14, LOSS OF COMPONENT COOLING

w (v ~ (=) w .
. . . . . )
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2.1.3 Scope of Systems

The basic system functions are necessary to avoid core melt and, failing
that, to minimize the chance of offsite release. Unique combinations of
the following Indian Point-3 systems can provide the needed functions for
particular accident sequences. Typical PRA efforts in the past have
concentrated heavily on individual front-line systems. A recent LLNL
study (18] demonstrated that detailed studies of support systems are an
essential part of any SI eifort. As a minimum, the following support
systems were included since it was known that they are widely required
and potentiaily involved [18] in systems interactions:

1. Service Water

2. Component Cooling

3. Ac and dc Electrical Power and dc Vital Control

4, Instrumentation and Control

5. Lubrication and Control 01}

6. Safety Injection Aciuation.
In addition, LERs have indicated that these support systems may
contribute to some important Systems Interactions.

The systems that directly perform a vital safety function are called
front-l1ine systems and are listed in Table 2-2 according to safety
function [21]. Notice that the last safety function (containment
integrity) has numerous associated systems that do not appear as
associated front-line systems for other safety functions.
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Table 2-2

SAFETY FUNCTIONS

Function

Associated FrontTine Systems for
IP-3

1. Maintenance of Reactor Coolant

Prassure Boundary

2. Removal of Decay Heat

3. Maintain Reactor Subcriticality

4. Protect Contaimment Integrity

Safety Injection
Chemical Volume & Control
Reactor Coolant & Pressurizing

Safety Injection
Residual Heat Removal
Reactor Coolant
Auxiliary Feedwater

Safety Injection

Chemical Volume & Control
Residual Heat Remova)
Auxiliary Feedwater

Rod Control

Boiler Feedwater

Reactor Protection

Residual Heat Remova)
Safety Injection
Contaimment Spray
Containment Recirculation
Contaimment Isolation
Hydrogen Recombiner
Containmment Fan Coolers

By 2xcluding the fourth safety function from primary emphasis, the choice
was made by the NRC to concentrate on core damage as opposed to accident
release mitigation scenarios. The systems selected for our assessment
are lTisted in Table 2-3. It should be noted that the selection of

subsystems which were included in the study we™2 not arbitrary and in
fact result from the basic DMA modeling procedure. That is, required

support subsystems are identified as the front-line system ¢

modeled. As these support subsystems are modeled. additional support

subsystems are identified.

T

omponents are



Table 2-3
SELECTED SYSTEMS

FRONTLINE: Safety Injection/Residual Heat Removal

(1) High Pressure Injection
(2) Low Pressure Injection
(3) Recirculation

Reactor Coolant
(4) RCP Seals
(5) PORY and Pressurizer
(6) Chemical & Volume Control

Feedwater
(7) Auxiliary Feedwater
(8) Boiler Feedwater

SUPPORT: (9) Instrument Air
(10) Service Water
(11) Component Cooling
(12) Lubrication
(13) Ac and dc Power
(14) Dc Yital Control
(15) Instrumentation and Control
(16) Safety Injection Actuation
(17) Feedwater Actuation
(18) Feedwater Isolation
(19) Control 011

2.1.4 Scope of System Combination

How does the initiating event propagate through the plant? The most
useful tool for systematically evaluating this question s the event tree
diagram. Figure 2-1 illustrates a generalized event tree structure. At
the left we identify the initiating event and then ask, “Does system A
work or not?" Thus the tree branches at this point, the upper branch
representing “system A works" and the lower “system A fails." At system
B there is another branching, and so on.
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Figure 2-1
GENERALIZED EVENT TREE DIAGRAM

System System System
IE A B (W e e PLANT
DAMAGE
STATE
Success

Success Failure

[_Failure | Success
L_Failure

Each path through the tree thus represents a “scenmario” -- an envisioned
sequence of events beginning with the specified initiating event and
leading to a specific “plant damage state."

An earlier safety study of IP-3 (IPSS) Ref. 23 presented event trees for
major accident sequences. That study was reviewed by SANDIA[24] and
LLNL. The procedure for selecting an accident sequence for DMA through
event tree analysis is similar to that of the IPSS approach. The
appropriate methodology normally used in the DMA approach is presented in
Appendix A.

For this IP-3 systems interaction study, however, resource and scope
Timitations required us to take certain abbreviating measures. The
current study is limited to a portion of the iP-3 plant event trees
specified by the systems previously identified in Table 2-3.

The 1ist of system combinations selected by the NRC in conjunction with
BNL and LLNL for analysis is compiled in Table 2-4.

In system combinations, 1, 2, 9, and 10, we considered systems
interactions that prevented the ECCS (safety injection or recirculation)
from responding to a LOCA. In system combinations 3, 4, 7, and 8, we
searched for a systems interaction which would both cause the LOCA and
prevent a response. For example, in system combTnation 4 we attempted to
find 1f there was a systems interaction which could cause a reactor
coolant pump seal failure and causing a LOCA and also prevent safety
injection. (There was!) b

In system combinations 5 and 6, we attempted to determine if either loss
of offsite power or turbine trip could defeat both the main and auxiliary
feedwater systems.

The systems and dependencies which were included in this study were
Jointly selected by the study teams (BNL and LLNL) and the NRC, and are
shown in Table 2-5. The first 19 of these are hardware systems. In this
group a system's interaction might arise via a shared component. The
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Table 2-4.
SYSTEM COMBINATIONS

System Combination Description of System Combination

Identifier

-

%04
5194
S,(Q)U,
S, (P)U,
(TTIML
(LOOP ML
S,(PIML
S,(QIML
AR

W 0O N Oy & W N -
LA . N S L L

10. S1U101

Loss of Tow pressure ‘njection during medium LOCA
Loss of high pressure injection during medium LOCA
Loss of high pressure injection during PORY LOCA
Loss of high pressure injection during RCP seal LOCA
Turbine Trip with loss of all feedwater

Loss of offsite power with loss of all feedwater
RCP seal LOCA with loss of all feedwater

PORY LOCA with loss of all feedwater

Loss of recirculation during recirculation phase of
large LOCA

Loss of all injection during medium LOCA

Identifier key for System Combinations

U
D
R
5,(P)
5,(Q)
3

A

M

L

T

i
i

= High Pressure Injection During Injection Phase
= Low Pressure Injection During Injection Phase
Recirculation Cooling During Recirculation Phase
Small LOCA (RCP Seals induced)

= Small LOCA (PORY induced)

= Medium LOCA (2" - 6" rupture)

= Large LOCA (>6" rupture)

= Boiler Feedwater

= Auxiliary Feedwater

= Turbine Trip

= Loss of Offsite Power
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Table 2-5

Summary of Systems and Dependency Types

Included in the Study Scope

FRONT-LINE:

SUPPORT :

OPERATOR
DEPENDENCY

LOCATION

OTHER

(1) High Pressure Injection

(2) Low Pressure Injection/Accumulators

(3) Recirculation

(4) RCP Seals

(§) PORY and Pressurizer

(6) Chemical Volume & Control

(7) Auxiliary Feedwater

(8) Boiler Feedwater

(9) Instrument Air

(10) Service Water

{11) Component Cooling

(12) Lubrication

(13) Ac and dc Power

(14) Dc Yital Control

(15) Instrumentation and Control

(16) Safety Injection Actuation

(17) Feedwater Actuation

(18) Feedwater Isolation

(19) Control 011

(20) Random Human Error Prior to Accident

(21) Mitigation by Operator According to
Procedure

(22) Systematic Diagnosis Error

(23) Coordinated Incorrect Action

(24) General Location Vulnerability

(25) Vulnerability to Fire

(26) Vulnerability to Flood

(27) Vulnerability to Steam

(28) Common Maintenance

(29) Common Manufacturer
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Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included
Included

Excluded
txcluded
Included
Included
Included
Included
Partially
Included
Excluded



second group (20-23) considered effects introduced by the human operators
of the safety systems. We explicitly considered the effects of human
errors prior to the zccident by including an unavailability termm in the
probability data base. This term attempted to capture the probability
(given maintenance and inspection policies) that a component would be out
of service (when needed) due to a human error. One example of this type
of unavailability would be the misalignment of a manually set valve in
the service water system. Human operators can also affect the
reliability of the safety system during the accident. We also considered
the effects of human errors on the failure probability of the system
during the incident. The result of this analysis is broken out as a
special case in Table 1-1.
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1.8 Scope of Location Analysis

A "location" is of concern only when the effects which propagate through
that location to safety equipment are considered. For example, a flood
in a Tocation would not damage piping which passed through that location,
but could disable any electrical components in the location. In this DMA
we assigned “location types” to each component. That is, a pump in
Tocation L would be in a location susceptable to flood, fire, and steam
whereas a pipe in the same physical location would not be susceptahle to
any of these. The adjacency of the various types of locations depends on
their type and on the specific mitigator incorporated to limit effects
nropagation. For example, two locations might be adjacent for the
propagation of fire, but not for the propagation of flood. The table
below 1ists some of the effects which could be propagated from location
to lTocation and both passive and active mitigators for these effects.

Table 2-6 Location Effects and Potential Mitigators

LOCATION EFFECT MITIGATOR
4 Passive Active
. Fire, Extreme Heat Fire Walls, Doors Extinguishers

2. Flood (Water) Dams, Drains, Walls Pumps
3. Radiation Radiation Shields,

Radiation Tolerant

Components

4. Iwpact, Missiles Missile Barriers,

Robust components
5. Hostile Environment Radfation Shields HYAC, Protective

(for humans) Gear

6. Steam Walls



The effects listed in the above table are not necessarily disjoint. For
example, a fire might destroy equipment and also make the environment
hostile to humans. These effects also are not necessarily symmetric.
That is, an effect which might make the environment hostile to a human
might not effect equipment. The propagation of each of the effects must
be considered in the context of the actual physical layout of the system
being modeled.

The first location effect modeled was that of fire propagation. A fire
location node has been assigned to each component in the Ji?raph. The
pump room was considered small enough to be treated as one location for
the purpose of the analysis of fire propagation. Pipes have been
considered to be immune to the effects of fires since they contain no
flammable material and are also unlikely to rupture. Thus, there are no
connections from fire locations into pipes. On the other hand, pumps,
controllers, power wiring, and control wiring have been assumed to be
vulnerable to a fire, hence they are connected from their fire locations
by an unidirectional edge.

Modeling the effects of flooding is similar to fire.

In this study, we have modeled potential location vulnerabilities, but we
have not modeled initiators such as the source of a flood or the cause of
a fire,

2.1.6 Scope of Operator Action and Procedures

Scope of Human Intervention Modelin
This model contains nodes for operators Sho can act beneficially and

detrimentally. Beneficial operators generally succeed by backing up
failed automatic hardware. They fail by doing nothing; by an act of
omission. Detrimental operators degrade system operation by directly
affecting a specific component. They cause failure by taking such an
action; by act of commission.

Beneficial ggarator Intervention
The systems mode n s study have the ability to succeed with no

human intervention. This automatic mode of operation is generally the
normal mode (with the exception of the safety injection recirculation
phase), however, should hardware failures prevent successful automatic
response, credit has been given for potental operator action.

In general, wherever an automatic system can act, an operator can back it
up. Many examples of this exist in the automatic safety injection
actuation logic. Every component requiring an S.I. signal to initiate a
change of state has operator nodes (prefix. OPR-) connected to the proper
marual actuation hardware in the component control circuitry. Thus, the
operator is modeled as redundant to the automatic signal. Operators are
also allowed to enable new fluid flowpaths to circumvent a blockage in
the normal flowpath. An example of this is in the High Pressure Safety
Injection System and s described in Section 2.3.1. WNo operators are
allowed to take actions for controls which are in containment.
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Detrimental ggentor Action
Allowance has N made Tor operator errors. These actions constitute

acts of commission. In theory, any component in the system could be
degraded through such an act, but for the purposes of this study, only
manually activated hardware that is accessible (not in a hostile
environment) was considered to be susceptable to these errors of
commission. Thus, items excluded were check valves, hardware within
containment, pipes, and passive electrical hardware. Items included are
all externally controlladle valves (motor operated valves, gale valves,
globe valves, etc.), pumps, electrical breakers, and switches, with
controls outside of containment. Operators were not allowed to
disassemble anything or, in any way, change the original connectivity of
the plant.

5.7 Scope of Electrical Analysis

Since the electrical system interacts with all other plant systems,
extensive effort went into the electrical model. An electrical block
model, where failure of a component is equivalent to an open circuit, was
constructed starting with the three 6900 V power sources: offsite power
via the station aux transformer, onsite power via the unit aux
transformer, and gas turbine backup via the 13.8 kV substation. The
model includes the 6900 V system, 480 V system, diesel generators and
support systems, 129 V dc system, and 118 V ac instrument bus system.

An electrical break model overlays the block model. In the break model,
components fail by a short circuit to ground, and coupled with the
failure of mitigators such as breakers failing to trip, the short circuit
failure may propagate upstream as well as downstream. The break mode!
includes the 480 V system with diesel generators (excluding support
systems), the 129 V dc system, and the unit models for breakers.

Location analysis consisted of identifying common locations for groups of
electrical components. Then if a particular location fails, all
components in that location fail. Initiators for these postulated
Tocation failures were not specified.

2.1.8 Scope of Timing Analysis

The DMA model used for this systems interaction study was quasi-static.
That is, detailed timing and sequencing was not accounted for in the
model. Some timing analysis was, however, built into the model by the
use of switches which prevented failures from propagating until a
specific time. To perform an analysis before a specified time, the
switches were turned off. To perform analysis valid after this time, the
switches were turned on. An example of the use of this type of time
switch was in the fuel supply to the diesel generators. For a short time
after diesel start, the diesels can draw fuel from their day tanks, but
after a Tonger time the tanks must be refilled. Thus in the early time
analysis, the switches between the day tanks and storage tanks were
turned off, preventing any failure effects upstream from the day tank
from propagating into the diesels. For the Tong time analysis, the
switches were turned on, allowing upstream failures to propagate.

-24-



The timing analysis in this study consisted of three steps:

(1) Identification of hardware whose failure will propagate only
after a time delay,

(2) Categorization of time delays as either short term (10's of
minutes) or long term, (hours)

(3) Creation of a model making it possible to restrict long-term
delay failures to the same time frame in which operators are
able to act beneficially.

Time delays due to human actions were excluded from the analysis except
as per Step 3 above.

2.1.8.1 Identification of Time Delays

Through the course of modeling, the analysts identified 31 components
requiring timing consideration. The components all have one common
characteristic: each is associated with storage hardware which serves to
buffer the failure of a component from the rest of the system. There
were four kinds of stored quantities: electrical charge, pressure, fuel
(chemical energy), and capacity to cool. An example of electrical-charge
storage hardware is a battery. If the charger feeding a battery fails,
its failure will not propagate through the battery until the battery
drains. Thus, the charger is buffered from battery and downstream
components for an amount of time equal to the discharge time of the
battery. Similarly, those components which fi1l or “charge" a pressure
tank or fuel *ank are also buffered until the tanks are depleted. The
final stored quantity, the capacity to cool, is generated by transfer of
thermal energy to a heat sink. The heat sink is often composed of at
Teast two parts; (1) for example mass of a pump requiring cooling, and
(2) water flowing through a heat exchanger which transfers the heat to
the ultimate heat sink, the Hudson River. Thus, loss of cooling water
flow will cause the pump to fail but only after a significant time delay.

2.1.8.2 Categorization of Time Delays

There is much uncertainty about the magnitude of the various time

delays. It can be difficult to measure such a duration since the
availability of a stored quantity is a function of not only its initial
conditions and usage but also of how much the storage “vessel" leaks and
its use. Decay rates, due to loss of battery charge, ta .k pressure, and
capacity to cool, are often exponential. The leakage factor can dominate
assessment of amount stored since the vessels are, in general, assumed to
De charged at T,. Very little information existed to quantify the time
delays. After discussion with the IP-3 operator, the delays were
determined to fall into two broad time domains: short term (or the order
of magnitude of 10 minutes) and Tong term (at least an order of magnitude
longer than short term). Of the 31 time delay components, 16 were short
term azd 15 were long term.
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2.2 Systems Descriptions

The systems selected for analysis were identified in section 2.1.3. 1In
this Section, we provide an overview of the Indian Point-3 plant followed
by descriptions of the selected front-1ine and support systems. Emphasis
in these system descriptions is on aspects of each system which have a
bearing on the DMA system models. The materfal presented in these system
descriptions closely follows information contained in references [22-24].

2.2.1 General Description* of Indian Point-3

The Indian Point-3 power nlant produces about 965 electrical megawatts of
power. The Nuclear Steam Supply System (NSSS) consists of a reactor and
four closed reactor coolant Toops connected in parallel to the reactor
vessel. Each loop contains a reactor coolant pump and a steam

generator. The NSSS also contains an electrically heated pressurizer and
certain auxiliary systems.

High pressure water circulates through the reactor cors to remove the
heat generated by the nuclear chain reaction. The heated water exits
from the reactor vessel and passes via the coolant locp piping to the
steam generators. Here it gives up its heat to the teedwater in
producing steam for the turbine generator. The cycle is completed when
the primary water is pumped back from the steam generator to the reactor
vessel. The entire reactor coolant system s composed of leaktight
components to ensure that primary coolant radioacti vity is confined to
the system.

Front-1ine safety systems that are potentially important in the event of
failure of the primary cooling system include the high and low pressure
safety injection systems, recirculation systems, the pressure operated
relie” valve system, the reactor coolant pump seal system, and the
chemical and volume control system,

At the steam generators, thermal energy is transferred from the primary
cooling system to the secondary cooling system. The secondary cooling
system consists of the boiler feedwater and condensate system, the main
steam system, and the turbine generator/condenser system.

The condensate and feedwater systems provide water from condensed steam
as feed to tie secondary side of the steam generators. The main steam
system transports thermal energy from the steam generators to the turbine
gfnentor where thermal-mechanical-electrical energy conversion takes
place.

Front-1ine safety systems importan* in the secondary cooling system
include the main and auxiliary feedwater systems.

There are several key support systems that are potentially important in

maintaining the ability of the front-line systems to operate properly in
the event of an incident. Included among these are: the safety injection

¥ Wp!ng and Instrumentation Orawings and Schematics of systems can be

found in Appendix B.
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actuation system, the electrical power system, the component cooling and
service water systems, the instrument air system, and the Tube ofl system.

The following sections will describe the individual systems included in
this study.

2.2.2 Safety Injection System*

The Safety Injection System Provides emergency core cooling and fnserts
negative reactivity into the RCS in the event of a Loss of Coolant
Accident, a steam generator tube rupture, or a steam line break
accident. The system operates in four modes:

(1) High Pressure Injection

(2) High Pressure Recirculation

(3) Low Pressure Injection/Accumulator Injection

(4) Low Pressure Recirculation

2.2.3 High Pressure Safety Injection

The High Pressure Safety Injection System (HPSIS) is design:d to provide
emergency core cooling in the event of a small or medium LCA,  High
pressure flow is required since the depressurization of the "' is slow
for small and some medium sizebreaks. The core cooling proce:: involves
injecting borated water from the Boron Injection Tank ?IIT) and from the
Refueling Water Storage Tank (RWST) with pressurization provided by the
Safety Injection Pumps (SIP).

H:gh qnssun injection is automatically fnitiated by the following
signals:

1. Low pressurizer pressure

2. High containment pressure

3. High differential pressure between any two steam generators

4. High steam flow in any two of the four steam lines

coincident with Tow Tyya or Tow steam pressure.

5. High-High containment pressure

A safety injection signal starts the three SI pumps and opens
the valves which had fsolated the BIT. The three pumps deliver borated
water to two separate discharge headers (header A and header B) which
then flow to each of the four Reactor Coolant System (RCS) cold legs.
Header A provides boron injection through the BIT, whereas Header B
bypasses the BIT. Each of the four cold leg paths contains a normally
open motor-operated valve. Some of these valves receive an SI signal to
open (MOV856-C,E,H,K). Injection through two of the four injection paths
is needed in response to a medium LOCA 2ad fnjection through one path is
required for a small LOCA.

Approximately 350,000 gallons of water are available from the RWST for
delivery during safety injection. This water is borated to a maximum
concentration of about 1.4 weight percent boric acid. The RWST is
prevented from freezing by steam heat. The water flows from the RWST to

¥ Piping and Tnstrumentation drawings and their corresponding digraph
can be found fn Appendix B. Computer fnput corresponding to the
digraphs can be found in Appendix C.
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a header where it branches off to a path including valves MOVI810 and
VC847. If this path is blocked, the next header in 1ine has an alternate
path which can be enabled by an operator opening VGA893.

These two paths terminate at a header consisting of three inputs to the
three pumps which lead to the two outputs at the two discharge headers.

The three safety injection pumps are horizontal centrifugal pumps driven
by electric motors. With two or three diese! generators functioning, two
out of the three SIPs are powered. The pumps are provided with a bypass
Tine back to the RWST in order to provide a recirculation capability in
the event that a discharge path is blocked.

The SI pump bearings are cooled by water from the component cooling
system, fTM: water is circulated by mini-pumps attached to the main SI
pump shaft.

Safety Injection Pump #32 supplies coolant to either header via check
valves, whereas pumps #3)1 and #33 supply only one header each. This
arrangement provides sufficient flow in the event of a small LOCA and two
failed pumps, or a medium LOCA and one failed pump.

Pumps #31 and #32 provide a direct water supply to the four cold legs of
the core through header A. Header B is supplied by pumps #32 and #33
which route water through the BIT.

The BIT is always kept 100% full. This is accomplished by recirculating
the water in the tank through the boric acid tanks whenever the plant s
at power. The boric acid tanks are at a higher elevation than the BIT
and gravity is used to keep the BIT full. re are two sets of parallel
valves, which fsolate the BIT during normal operation, that are opened by
the safety injection signal. During the low pressure recirculation mode
these valves are shut again to isolate the BIT,

The BIT is heated by redundant electric heaters and redundant heat
tracing to keep the solution temperature above the solubility 1imit of
130°F at a concentration of 20,000 ppm.

2.2.4 High Pressure Recirculation

The High Pressure Recirculation System  HPREC) 1s used following safety
injection for long term core cooling. Water is drawn out of the
recirculation sump by the recirculation pumps and fed into the safety
injection pumps. The water is then fed into the RCS cold legs in the
same manner as in the injection phase with the HPSIS pumps. Back-up
recirculation capability s provided by the Residual Heat Removal (RHKR)
pumps which draw from the containment sump.,

2.2.5 Low Pressure Safety Injection System/Accumulator Injection

The Tow pressure portion of the Safety Injection System (LPSIS) {s
designed to rapidly reflood the reactor core following a large or medium
LOCA and subsequent blowdown of the primary coolant. The LPSIS 1{s
composed of two subsystems, low pressure injection from the RWST and the
safety injection tanks (accumulators). The former is an active
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subsystem; that is, it requires a control signal and electric power to
operate; the latter is totully passive, requiring no signal or external
power source.

2.2.5.1 Low Pressure Injection

The RHR Pumps are used in the Low Pressure Safety Injection mode.

Because of the presence of check valve 881, the system is normally
aligned for safety injection, as well as for decay heat removal. A
Safety Injection Actuation Signal (SIAS) opens the Residual Heat Loop
Discharge Stop Valves 899A, 8998, 746, and 747, starts one of the RHR
Pumps, and in coincidence with a loss of offsite power, starts two of the
diesel generators. There is approximately a 34 second delay between the
receipt of SIAS and full RHR pump operation.

In the safety injection mode the RHR pumps take suction from the
Refueling Water Storage Tank. Since the water is at ambient temperature,
component cooling is not required and the Component Cooling Water (CCW)
pumps may be secured to reduce the electrical load on the 480 V ac diesel
generator buses. The design operating pressure of these pumps is only
600 psig. Thus, the safety injection mode of the RHR system is initially
most effective for a large pipe break where the primary system rapidly
depressurizes from 2235 psig to less than 600 psig. In the event of a
small or medium LOCA where Tow pressure injection is inftially unusable,
the RHR Pumps can be used as boosters for the low flow (400 gpm) High
Pressure (1700 psig) Safety Injection Pumps (MPSIPs) by opening either or
both of the two High Head Recirculation Stop Valves (MOV 888A or 8888).

As borated water from the RWST is injected into the core, primary coolant
flows out of the break and collects in the two sumps located in the lower
level of the Containment Building. When the inventory of the RWST
reaches the Tow level alarm, the operator must realign the system for
recirculation. The shift from the injection to the recirculation pha-

in the case of a large rupture, occurs about 20 minutes after the sta

of the accident,

Successful operation of the RHR System in the injection mode requires
that at Teast two of the four injection legs deliver flow to the core for
a large LOCA. Injection through one leg is necessary in response to a
medfum LOCA 1f high pressure injection is unavailable.

2.2.5.2 Accumulator Injection

The four accumulators are designed to inject mr?ency coolant into each
of the cold legs whenever the primary pressure falls below 650 psig.
Each tank contains 700 ft3 of borated water driven by a nitrogen gas
cover. The tanks are filled from the Refueling Water Storage Tank using
the High Pressure Safety Injection (HPSI) pumps. The cover gas fs
supplied by a Nitrogen System. During normal plant operation the
accumulators are fsolated from the HPSI pumps and the nitrogen system by
normally open, fail close, pneumatically controlled gate valves
(890A-D,891A-D). Redundant and independent level and pressure
indications are displayed in the Control Room for each accumulator. The
accumulator tanks are not rated at primary plant pressure. Pressure

-29-



relief val ses are installed on top of each accumulator tank to prevent
overpressu~ization. These valves are set to open at 700 psig.

The accumulators are isolated from the Reactor Coolant System (RCS) by
check valves (895A-D) in the discharge path. The 2235 psig primary plant
pressure tightly seats these check valves under normal plant conditions.
These seats leak somewhat and fluid must occasionally be drained to the
Waste Disposal System through normally shut pneumatically controlled
valves (896A-D).

Normally open accumulator discharge stop valves (MOYV 894A-D) are
installed upstream of the accumulator discharge check valves for several
reasons. In the event of significant check valve Teakage, these valves
may be shut; however, a safety injection actuation signal will
automatically reopen them, though accumulators isolated in this manner
are no longer strictly passive components.

These accumulator discharge valves are also closed during plant heat up
and cool down to inhibit undesirable accumulator actuation. In this mode
the operator must also set keyed switches to block the SIAS.

2.2.6 Low Pressure Recirculation

The changeover from the injection to the recirculation phase requires
operator action and is initiated when the RWST reaches the low level
alarm point. The operator has a chofce of two sumps, both located in the
containment building, from which recirculation water may de drawn. Two
pumps take a suction from each sump; however, only one of these four
pumps is required to initiate recirculation flow.

The preferred source is the Recirculation Sump, primarily because the
recirculation path {s completely enclosed by the containment building,
precluding the possibility of releasing fission products contained in the
sump water to the atmosphere. Two 350 hp, 3000 g‘: recirculation pumps
are jocated just above the Recirculation Sump. y are cooled by CCW.
In recirculation mode, CCW must also be circulated through the Residual
Heat Exchangers.

The two recirculation pumps are connected by a crosstie piping network to
the parallel Recirculation Sump Stop Valves (MOV 1802A and 18028). At
lTeast one of these two motor operated valves must be opened by the
operator in order for the sump water to reach the Residual Heat
Exchangers. The two valves are actuated independently and are powe red
through separate motor control centers.

The alternate recirculation water source is the Containment Sump. The
use of this source fs less desirable because part of the recirculation
pathway 1s in the primary auxilfary building, allowing the possibility of
radfoactive fission product releases to the atmosphere through leaky
valve and pump seals. Recirculation from the contaimment sump 1s
inftiated by opening the Containment Sump Stop Valves (MOVBBSA-B). The
RWST Recirculation Stop Valve (MOVB83) must be shut in order to prevent
the release of fission products to the atmosphere via the RWST. The
Resfdual Pump Suction Stop Valve (MOVB82) should also be shut to doubly
fsolate (with check valve 881) the RWST. An additional level of
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isolation can be set by shutting the hand operated gate valve (846) on
the RWST discharge line. These valves should be closed ifmmediately after
recirculation flow is established.

The rec.rculation phase of residual heat removal is a Tong term
evolution. In a major accident the containment building will be a highly
contaminated radioiogical exclusfon area. Personnel will be unable to
enter to perform maintenance or cleanup operations. The Primary
Auxiliary Building (PAB) may also be a high radiation area if primary
coolant has been pumped from the Containment Building. The ability of
personnel to operate or repair equipment in the PAB may be affected,
especially in the vicinity of the recirculation piping.

2.2.7 Safety Injection Actuation System

The safeguards actuation system receives signals from various primary and
secondary plant sensors, processes this input through logic matrices, and
sends actuation signals to Engineered Safequards System (ESS) equipment,
based upon plant conditions. The ESS equipment serves to limit damage in
the event of pipe rupture in either the Reactor Coolant System or the
secondary systems (steam, feedwater, or steam generators).

The signals that the Safety Injection Actuation System receives and the
actions that result are presented below:

1. High Steam Line Flow in Conjunction with low Tave Or Low Steam
Generator Pressure.

This condition is indicative of a steam break downstream of the main
steam isolation valves (MSIV). Indications of a steam break are: high
stean flow (to generate a signal, two of the four steam lines must
indicate high steam flow) in conjunction with (a) Tow Tyye (two of four
sensors), or (b) lTow steam line pressure (two of four sensors). This
signal initiates steam line fsolation (closure of all four MSIVs) in
addition to initiating automatic safety injection.

To generate the high steam 1ine flcw signal, a comparison circuit is used
to develop a varying setpoint signa’ basei on turbine first stage
pressure. Actual steam flow fs compared with the programmed setpoint,
and a trip signal is generated when actual steam flow exceeds the
setpoint. To allow for startup, steam dump, and atlmospheric relief valve
operation when turbine first stage pressure is not a true indication of
actual steam flow, the high steam 1ine flow signal must be in coincidence
with either a Tow Ty, signal (sensed by primary loop resistance
temperature douctor:’ generated by a two or four sensing network, or a
Tow steam generator pressure signal generated by two of four pressure
sensing networks.

2. Steam Line Differential Pressure.

This condition indicates a steam break upstream of the MSIVs or a large
feedwater 1ine break. A break in this location results in the closure of
the non-return check valve (located in each steam line). Steam pressure
upstream of the check valve now decreases as the associated steam
generator feeds the break directly. A comparison network 1s used in
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which this steam pressure is compared to the pressure in two of the three
remaining intact steam generators. When the pressure in the steam
generator feeding the break decreases to the set value below the other
two steam pressures, an automatic safety injection signal is generated.

3. Low Pressurizer Pressure.

The pressurizer act< as a surge tank for the reactor coolant system,
Pressurizer heaters cycle on and off to maintain RCS pressure within a
certain band. Leakage from the RCS in excess of the pressurizer heater
and charging pump capability for make up results in a decrease in
pressurizer pressure, and consequently RCS pressure. This signal serves
to initiate automatic safety injection to protect the core from damage
for RCS breaks and excessive leaks. Three channels of pressurizer
pressure are monitorea and an automatic safety injection signal s
generated if any two of the three channels indicate low pressure. This
trip is manually blocked by operator action when RCS pressure is below
1,900 psi during a plant shutdown. This block is automatically removed
when RCS pressure increases above 1,900 psi and operator action would be
required to reinitiate the block if it is required.

4. High Containment Pressure.

In the event of a break in the RCS, or a steam line break inside the
containment building, pressure inside the containment building would
increase. The rate of the increase is dependent upon the size of the
break. Containment pressure is monitored by three pressure transmitters
Tocated outside of the containment building. When containment pressure
exceeds the setpoint value in two of the three transmitter channels, an
automatic safety injection signal is generated.

5. High-High Contaimnment Pressure

A high-high containment pressure is indicative of a large loss of coolant
accident or a major steam line break inside the containment building.
Containment pressure is monftored by six pressure transmitters located
outside the containment building in the piping penetration area. The
output of these transmitters is divided into two groups of three. When
containment pressure exceeds the high-high setpoint, a signal is
developed which energizes the relays associated with that channel. Two
out of three channels in both groups are required to initiate automatic
contaimment spray actuation. In addition to the automatic containment
spray signal, a main steam 1ine isolation signal is sent to close the
MSIVs and an automatic safety injection signal is deve loped.

The tripping of any of the fnput channels described above is indicated on
supervisory panel “S0" in the control room. In addition the following
channel trips 1isted in Table 2-7 will result in alarms at the locations
noted.



Table 2-7

CHARNEL TRIPS
Tripped Channels Alarm: Location
1. High Steam Line Flow High Steam Line Flow Safeguards Panel
SI
2. Steam Line Differential Steam Line AP SI Safeguards Panel
Pressure
3. Pressurizer Pressure Pressurizer Lo-Press RCS Supervisory
Channel Trip Panel
4. High Containment Pressure Hi Containment Pressure Safeguards Panel
SI Channel Trip
5. High-High Containment Pressure (Spray) Channel No Alarm (High
Pressure Channel Trip Indicated)

NOTE:  RTT of the E"'D rellys associated with the ’.HSEPMHElHOﬂ

discussed above are “de-energize to trip.* That is, loss of power
to an instrument channel causes the relays assocfated with that
channel to trip, which results in one of the trip signals required
for safety injection actuation.

6. Manual Inftiation Signals.

In addition to the automatic signals described above, safety fnjection or
containment spray may be initiated by the operators in the control room.

Manual safety injection is accomplished using the red manual safety
injection pushbuttons on panel SB2 in the control room. Pressing one of
these pushbuttons initiates the minimum required ESS equipment. Both
pushbuttons must be depressed to initia*e all ESS equipment. Manual
spray actuation is accomplished by depressing both red manual spray
actuation pushbuttons on safeguards panel SB1 in the control room.
Dvp;ossing one spray actuation pushbutton initiates one train of spray
equipment.

There are two channels of actuation Togic in the safeguards actuation
system. These logic channels require dc power for proper operation.

Each logic channel contains seven master relay-slave relay sets. These
relay sets are:

SI Automatic Actuation

SI Manual Actuation

Containment Ventilation Actuation

Containment I[solation Phase A

Containment Isolation Phase B

Containment Spray Actuation

ooo0o0oo00

The master relays are special relays which contain operating and reset
cofls. The master relay is normally de-energized. When the proper Togic
matrix is made up, the operating cofl will be energized by auxiliary
contacts and command the various safeguards equipment to operate. The
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master relays, via a mechanical Tatching mechanism, and the slave relays
will remain in the actuated position until the master relay is reset
(reset coil is energized). The reset signal is applied through the
manual reset pushbuttons.

The safeguards logic relays are located in relay racks behind the reactor
trip logic relay panels. These relays are arranged in matrices which
develop the necessary logic for safeguards initiation. Each logic relay
is fed from a safeguards actuation bi-stable located a: the analog

racks. The signal from each analog bi-stable feeds a safeguards logic
relay in each safety injection channel,

2.2.8 Feedwater Systems

The nuclear reactor at Indian Point Unit 3 produces 965 electric
megawatts of power. Cooling of the reactor core is proevided by four
fndependent primary cooling loops. Each of these Toops circulates
pressurized, superheated water from the reactor vessel to a steam
generator. In the steam generator, the heated primary water is passed
through a bundle of U-shaped tubing. This tubing is immersed in water in
the Tower half of the steam generator. As the heated primary water
passes through the tubing, it exchanges heat with the cooler water on the
outside of the tubes never coming in direct contract with that cooling
water. After passing through the steam generator tubes, the primary
:ator is returned to the reactor pressure vessel to carry away more

eat.

The four steam generators provide the fnitial sink for the heat produced
in the reactor vessel. Heated primary water enters the steam generator
from the bottom, passes through a bundle of inverted U-tubes, and then
exits the steam generator from the bottom. The inverted U-tube bundle
occupies the lower half of the steam generator. This Tower half is
filled with secondary cooling water. The secondary feedwater enters the
shell side of the steams generator through a fi11 ring. The water is
heated by the primary water passing through the U-tube bundle and,
eventually, reaches boiling temperature. The steam produced fills the
?ppcr half of the steam generator and exits at the top through main steam
ine.

Once the stean leaves the steam generator, most of it goes directly to
the high pressure side of the main turbine. Some steam is drawn off
prior to and after this point for use as auxiliary steam in various
processes. After performing the mechanical work of driving the turbine,
the steam enters the condensate system,

The purpose of the Condensate System is to condense the turbine exhaust
steam, remove air from the condenrate, and delfver the condensate to the
feedwater system. The condensate system consists of three condensers
(7,230,000 1bs. of steam/hr capacity, each) taking steam from the turbine
and condensing 1t with cooling water from the circulating water system.
The three efght-stage, vertical, pit-type condensate pumps (7860 gpm,
each) are rated at 7060 gpm and 1150 ft TDM when operating at 1170 rpm.
The pump bearings are lubricated by the pumped 11quid. Each pump is
driven, through a solid coupling, by a 3000 hp vertical solid shaft
induction motor that has an open drip proof enclosure. These pumps are

«34-



operated by manual controls on the main control board. The pumps take
the condensate and discharge it to their air ejectors. From there, the
condensate flows to the feedwater heaters via the gland steam condenser.

The only other major component of the condensate system is the condensate
storage tank (600,000 gal), which is used primarily for condenser hot
well surge and make up. The tank also provides suction for the auxiliary
feedwater pumps. For that reason, the tank has an assured reserve of
360,000 gallons of water.

The Main Feedwater System takes the condensate from the condensers and
returns it to the steam generators as secondary cooling water. The
system consists of 15 feedwater heaters, taking discharge from the
condensate pumps and delivering it to the two steam driven main “eedwater
pumps (15,300 gpm at 1830 ft TDH, each). Heating in the feedw. *<r
heaters is provided by the auxiliary steam supply system, using ;team
taken from various stages of the turbine generator. The drainage from
the heaters flows to the heater drain tank where it is then pumped by the
heater drain pumps tc the intake of the main feedwater pumps.

There are two main feedwater pumps that provide feedwater for the four
steam generators. The discharge from each feedwater pump passes through
one heating stage before it enters the steam generators. The main
feedwater pumps, also ~eferred to as the boiler feedwater pumps, are
single-stage horizontal centrﬂugal pumps with barrel cuin?s. Each pump
fs rated at 15,300 gpm and 1830 ft TDH when operating at 4875 rpm. Seal
water injection is used for shaft sealing. Bearing lubrication for both
the pump and its turbine drive is accomplished by an integral Tubricating
0fl system mounted on the pump base. Normal circulation for the
Tubricating of1 system is provided by two motor-driven pumps. The
Tubricating o1l system also includes a reservoir and a cooler.

Each main feedwater pump is driven, through a flexfble gear type
coupling, by an 8350 hp horizontal steam turbine using steam from the
discharge of the three reheater moisture separators. The main feedwater
pumps are operated automatically by the feed control system. Manual
controls are also provided on the main control board for remote operation
and testing during normal operation. Durin normal startup of the plant,
the pumps are started locally. A minimum flow control system is provided
t;) ensure that each pump is handling at least a 3000 gpom flow at all
times.

The speed of the pump turbines is controlled by the totalized steam
flow. When there is low main feedwater pump suction pressure, the pump
turbine speed is reduced to prevent excessive pressure in the feedwater

piping.

The design loss of main feedwater transients are those caused by:
0 Interruptions of the Main Feedwater System flow due to
malfunction in the feedwater or condensate system, and -
0 Loss of offsite power or blackout with the consequential
shu:dm'm of the main feedwater system pumps, auxilifaries, and
controls.
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Loss of main feedwater transients are characterized by a rapid reduction
in steam generator water levels. This results in a reactor trip, a
turbine trip, and auxiliary feedwater actuation by the protection system
Togic. The reactor power quickly falls to decay heat levels following
reactor trip. The steam generator water levels continue to decrease,
progressively uncovering the steam generator tubes as decay heat 1s
transferred and discharged in the form of steam through the steam dump
valves to the condenser or through the steam generator safety or
power-operated relief valves to the atmosphere. The reactor coolant
temperature increases as the residual heat, in excess of that dissipated
through the steam generators, is absorbed. With increased temperature,
the volume of reactor coolant expands and begins filling the pressurizer,

Without the addition of sufficient auxiliary feedwater, further expansion
will result in water being discharged through the pressurizer safety and
relief valves. If the tﬂoratun rise and the resulting volumetric
expansion of the safety valve capacities may be exceeded causing (1)
over-pressurization of the RCS and/or (2) the continuing loss of fluid
from the primary coolant system,

Sufficient auxiliary feedwater is necessary to arrest the decrease in the
steam generator water levels, to reverse the rise in reactor coolant
temperature, to prevent the pressurizer from filling to a water solid
condition, and eventually to establish stable hot standby conditions.
Subsequently, a decision may be made to proceed with plant cooldown if
the problem cannot be sati sfactorily corrected.

The blackout transient differs from a simple loss of main feedwater in
that emergency power sources must be relied upon to operate vital
equipment. The loss of power to the electric driven condenser
circulating water pumps results in a loss of cordenser vacuum and
condenser dump valves. Hence, steam formed by decay heat is relieved
through the steam generator safety valves on the secondary side or the
power-operated relief valves on the primary side.

Assuming that the reactor protection system operates to reduce core power
level, a total lack of feedwater delivery to the steam generators to
remove heat generated by the core would result in the steam generators
boiling dry on the order of about 1/2 hour. However, an alternate
feedwater supply 1s provided by the Auxiliary Feedwater System (AFWS).
Operation of this alternate feedwater system, fn conjunction with steam
relief to the atmosphere through safety valves, would result in
successful cooling of the core following all transient events 1nvolv1n?
the interruption and loss of normal RCS heat removal capability. Should
the auxiliary feedwater system fail on demand, the time available for the
plant operator to restore operation of efther the RCS or the AFWS,
without risking an excessive loss of RCS coolant from the RCS pressurizer
uflot%/;nd relief valves and, thus, a core melt, would be approximately 1
to hours.

The Auxiliary Feedwater System provides emergency feedwater to the steam
generators in the event of loss of main feedwater. The system consists
primarily of one steam turbine driven pump and two electric motor driven
pumps. These pumps take suction from the condensate storage tank. The
tank has a reserve of 360,000 gallons of water for this specific
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purpose. This water level is sufficient to provide residual heat removal
for 24 hours at hot shutdown conditions.

In the event of the loss of the condensate storage tank water supply, the
auxiliary feedwater pumps can take suction from the 1.5 million gallon
city water storage tank.

There are two independent loops for auxiliary feedwater delivery to the
steam generators. One loop utilizes the two motor driven pumps. Each of
the pumps supplies feedwater to two of the four steam generators. Thus,
all four steam generators are supplied. The other Toop utilizes the
turbine driven pump, supplying feedwater to all four steam generators.
The capacity of each Toop is sufficient to insure that at least two of
the four steam generators will not boil dry.

The motor driven pumps are Ingersoll-Rand nine stage horizontal split
case centrifugal units, each of which supplies 400 gpm of water at a head
of 1350 psi. The pumps have jrease lubricated ball bearings. The motor
drives are manufactured by Westinghouse Electric Corporation.

The power for the pump motors is taken from 480 V bus 3A for pump No. 31
and from 480V bus 6A for pump No. 33. In the event of complete loss of
electric power, power is restored sutomatically from the diese’
generators.

The steam turbine driven auxiliary feedwater pump is a Worthington
Corporation horizontal multi-stage centrifugal pump with a capacity of
800 gpm at 1350 psi. The turbine drive for the pump s a Worthington
Corporation horizontal axial flow non-condensing unit rated at 970 hp at
3570 rpm. The turbine steam supply is taken from the main steam lines of
steam generators No. 32 and No. 33, ahead of the isolation valves. There
are two temperature controlled shutoff valves mounted in series in the
steam supply 1ine. These valves will close when the temperature reading
in the Auxiliary Boiler Feed Puno Room reaches 120°F.

Cooling of the pump thrust bearinj and the turbine inboard and outboard
bearings is accomplished with wat:r from the pump discharge. The cooling
return water is piped to the condensate storage tank. Bearing flow rates
and the combined return temperature are indicated locally.

The condensate pumps could potentially be used to deliver water to the
steam generators in the event of failure of the condenser vacuum occurs
and affects operability of the main feedwater pumps. In this case,
action by the plant operator would be needed to depressurize the steam
generators. This is necessary because the design of the condensate pumps
would not permit water delivery against the high steam pressure
conditions (less than or equal to about 1100 psi).

2.2.9 Electric Power System

The primary functions of the electric power system during an accident
scenario are to:
0 Provide a reliable electrical power supply to those components
whose operation is needed to mitigate any abnor.al event
affecting the reactor core, 1ts heat removal systems, or systems
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which coull affect the release of radicactivity to the
environment.

o Provide a reliable control power supply for the operation of
these systems and for the initiation of safequards systems
actuation signals.

o Provide a reliable source of power to instrumentation necessary
for monitoring emergency system functions, for monitoring key
plant parameters, and for inputs to safeguards systems actuation

logic.

A reliable Offsite Power Supply network connected to the station power
system through redundant supply paths normally performs these functions.
In addition, one onsite gas turbine-generator unit and two additional gas
turbine-generator units Tocated at the Buchanan substation may be
connected to the station power system through the offsite power supply
tielines. Aithough procedures exist for using the onsite Gas Turbine
Unit 1 to power IP-3, the operators to which we spoke were not familiar
with them. It is also unciear how Tong it would take to start and load
this turbine.

If all offsite power sources fail, three diesel generators, each capable
of supplying 50% of the power requirements of the safeguards systems
components, provide independent onsite power generation capabilities.

The dc power system, supplied from four onsite storage batteries,
provides power supplies to vital controls and instrumentation and is the
primary source of power to all safeguards actuation and reactor
protection system circuits.

During normal operation, power is supplied to 6.9 kV buses 1, 2, 3, and 4
from the main ?cmrltor output through the unit auxiliary transformer.
Power is supplied to 6.9 kV buses 5 and 6 from the offsite power grid
through the 138 kV substation and the statfon auxiliary transformer.
Following a trip of the main generator, automatic crosstie breakers
connect buses 1 and 2 to bus 5 and connect buses 3 and 4 to bus 6,
thereby maintaining ail six 6.9 kV buses powered from the offsite grid.
The redundant source of offsite power from the 13.8 kV substation and ?as
turbine-generator Unit 1 may be manually connected to buses 5 and 6 only
if these buses are de-energized and their normal supply breakers from the
station auxiliary transformer are open. Although no essential safeguards
components are supplied directly from the 6.9 kV buses, buses 2, 3, 5,
and 6 supply power to the 480 V essential power buses 2A, 3A, S5A, 6A,
312* and 313*, through their respective station service transformers.

They also provide power to auxiliary equipment rated at 400 horsepower
and above. An overcurrent condition on any of the 6.9 kV buses actuates
the associated bus protection lockout relays, which isolate the bus by
tripping and Tocking out the normal supply breaker and the 6.9 kV tie
breaker for that bus.

Components rated between 100 and 400 horsepower are supplied directly
from the station 480 V Switchgear Buses 2A, 3A, SA, and 6A. Indfvidual

¥ These Duses were added for an Appendix R upgrade.
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loads of 100 horsepower and below are supplied from 480 YV motor control
centers (MCCs) fed from the 480 V switchgear buses. The normal power
supply to each of the 480 V buses is from its assocfated 6.9 kV bus
through a station service transformer. If this normal power source is
unavailable, an independent source of emergency onsite power is provided
to each cf these buses from the three emergency diesel generator units.

The load from the station safeguards systems components are designed to
be distributed among the four 480 V switchgear buses in a manner such
that, with coincident loss of all offsite power sources and failure of
any one of the diesel generators, power will remain available to the
minimum number of components needed to mitigate any of the design basis
accident scenarios.

If a fault occcurs on one of the 480 V switchgear buses, lockout relays
are actuated which trip and prevent reclosure of all breakers associated
with the bus. The bus lockout relays must be manually reset after the
fault is cleared to allow the tripped breakers to be reclosed.

In addition to the normal and emergency power supplies to each of the
480 V switchgear buses, crosstie breakers between buses 2A and 5A and
between buses 3A and 6A provide manual interconnections for these buses,
and a crosstie breaker between buses 2A and 3A provides automatic
interconnection. These crosstie breakers are administratively controlled
to remain open during nommal unit operation. Breakers 2AT5A and 3AT6A
may be closed manually from the contronl room only 1f no fault exists on
either of the associated buses and one of the buses is de-energized.
These breakers trip automatically on any of the following conditions:

0 Bus lockout relay actuation on efther associated bus

0 Undervoltage on efther assocfated bus

o Safety injection signal

0 Overcurrent

Breaker 2AT3A closes automatically when the following interlocks are
satisfied:
0 Undervol ugc on bus 3A
0 Breaker 3AT6A open
o Feedbreaker 3A open
0 Diesel output breaker EG! closed
o No faults on puses 2A or 3A.

Breaker 2AT3A is tripped only by bus lockout relay or overcurreat relay
activation. Besides the four 480 V switchgear buses, two extra 480 V
buses were added as part of the Indian Point-3 modifications for
emergency shutdown, Buses 312 and 313 are powered from 6900 V Buses )
and 3, respectively. A manual crosstie also allows these two 480 buses
to be connected.

Each of the Enaencz Diesel Generators is powered by a 16-cylinder,
four-c;:lo. urbo-charg esel engine rated at 2,450 horsepower at 900
rpm. e generators are self-excited, three-phase, 60 Hertz, 480 V units
rated at 2,188 kVA at 0.8 power factor. The output ratings of each
diesel generator unit are 1,750 kW for continuous service and 1,950 kW
for a maximum of 2,000 hours. Each unit is capable of supplying
sufficient power to maintain the operation of at least 50% of the
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safeguards systems components required for mitigating any of the design
basis accident scenarios analyzed in the Indian Point Unit 3 Final Safety
Analysis Report (FSAR).

Each diese]l generator receives an automatic starting signal under either
of the following conditions:
0 Undervoltage at its associated 480 V bus (diesel generator
31 starts automatically on undervoltage at bus 2A only)
o Safety injection signal.

However, for a diesel generator to be available for auto starting, the
engine starting mode control switch located at the diesel generator
control panel in the diesel generator building must be in the “Auto"
position. (Two other positions are available: “Off," which prevents the
engine from starting, and "Manual," which allows manual starting from the
Tocal panel start pushbutton only.) An alarm is received in the control
room if the switch is moved from the “Auto" position.

Each diesel generator can attain full speed and voltage within ten
seconds and can be fully loaded within 30 seconds from the time of the
starting signal. A fast acting electro-hydraulic governor maintains a
constant diesel engine speed as load is applied to the unit. The
generator output breaker will close automatically to load the diese!l
generator onto its associated bus only if an undervoltage condition is
detected at that bus and the normal bus feed breaker is open. For
successful starting or continued operation of the diesel generators, four
auxiliary systems are needed: starting air system, the diesel fuel oil
transfer system, the station service water system, and 125 VDC contro)
power,

The Indfan Point Unit 3 DC Power System consists of four independent
battery installatfons. Fach 1s connected to a dc power pane) and is
maintained under continuous charge by a self-regulating battery charger.
The system is ungrounded, with the positive and negative legs maintained
at potentials of approximately 129 volts with respect to ground. Ground
detection is provided for each battery division, with a common alarm in
the control room.

Three of the dc power panels supply control power to each associated
essential ac power division while the fourth dc power panel provides only
the normal source of power to ac instrument bus 34. The dc system also
supplies power to all safeguards actuation and reactor protection logic
matrices. A bus tie breaker is available to connect power panel 31 to
power panel 32 in the event of failure of the battery or battery charger
for efther of these panels. This breaker s administratively controlled
to remain open during normal operation and is only permitted to be closed
when the plant is in the cold shutdown condition.

Each of the Battery installations {s composed of 60 indfvidual lead
antimony storage cells that are connected to provide a nominal terminal
voltage of 129 VDC. Battery 31 s rated at 1,320 ampere hours, battery
32 1s rated at 960 ampere hours, battery 33 {s rated at 425 ampere hours,
and battery 34 is rated at 440 ampere hours (each at an 8-hours discharge
rate). Batterfes 31 and 32 are connected to their respective power
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panels through 800 ampere fuses; battery 33 uses a 600 ampere fuse, and
battery 34 has a 60C ampere .ircuit breaker.

During normal operation, the loads from each of the power panels are
supplied from the output of the associated battery charger, which also
provides a constant trickle charge to maintain the battery in a fully
cha condition. Each of the battery chargers is a silicon-controlled
rectifier self-regulating unit cooled by forced afr circulation.

A1l station 480 V loads rated at 100 horsepower and below are supplied
from Motor Control Centers powered from the 480 V switcngear buses. Al
safeguards s,stem motor-operated valves are powered from efther MCC 36A
or MCC 368, which remain energized wherever their associated supply buses
(SA and 6A, respectively) are energized. The supply breakers to MCCs
36A, 368, and 36C receive automatic closing signals on any safety
injection actuation and may be operated from the Unit 3 control panels.
The supply breakers to all other MCCs are operated Tocally at the 480 ¥
switchgear by manual close and trip pushbuttons.

A1l instrumentation that monitors vital plant parameters and provide
input signals to the reactor protection and safeguards actuation systems
fs supplied from 118 V AC Instrument Power Buses. Instruments providing
redundant input sTgnals to the reactor trip and safety injection logic
are supplied from separate buses so that failure of any one bus will not
prevent a protection function from actuating or cause an inadvertent trip.

Because these instruments require an extremely stable and relfable source
of power, all four instrument buses are normally supplied by static
inverters, which convert dc power into a very smooth, nofse-free ac power
signal. Each inverter is rated at 7.5 kVA with ar output voltage of 118
V ac at 60 Hertz. This output will be maintained over a range of input
voltage fluctuations from 105 V dc to 140 V dc.

A reserve power supply for each of the instrument buses is provided from
120 V ac lighting bus 32 through a manual transfer switch located at each
instrument bus. These transfer switches are provided with mechanical
interlocks to prevent both supplies to a ?w.n bus from bﬁn? connec ted
in parallel. transformer supplying Yighting bus 32 1s sfzed such
that only one instrument bus may be supplied from the reserve power
source at a time. Instrument bus 34 also has fts own backup power supply
provided by Motor Control Center 368 through a Solatron transformer and
controlled by another manual transfer switch located at the transformer
in the cable spreading area of the Control Buflding.

The safeguards actuation, reactor protection, main turbine-generator
protection, and offsite tieline fault protection systems provide signals
to the station electric power system for the inftiation of automatic bus
transfer operations, bus load shedding, diese! rmutor starting, and
automatic bus load sequencing under a varfety of transient conditions.

Within the system, the ac and dc subsystems are strongly dependent on one

another through the ac-powered battery chargers and dc control power
supplies to the diesel generators and 6.9 kV and 480 V switchgear.
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The control room and local plant operators interface directly with the
electric power system for remote and loca) manual circuit breaker
operations and manual operation of the diese) generators. Although the
system s designed to automatically provide a reliable source of onsite
power durinn a wide range of anticipated events, these manual operations
provide the ability to realign power supply flow paths to compensate for
failures of individual components and subsystems. These operator fnputs
also provide an opportunity for systems interactions.

2.2.10 Chemical and Volume Control System

The Chemical and Volume Control System (CVCS) performs many functions
through the various phases of plant conditions. During normal operation
it performs 6 functiuns: 1) provides the required seal water flow for
the reactor coolant pump shaft seals, 2) maintains the proper water
inventory in the Reactor Coolant System, 3) adjusts the concentration of
the chemical neutron absorber for chemical resctivity control, 4)
Frocesses reactor coolant effluent for reuse of boric acid and reactor
make up water, 5) maintains the proper concentration of corrosion
inhibiting chemicals in the reactor coolant, and 6) maintains the reactor
coolant and corrosion product activities to within des g levels.

The CVCS connects directly into the reactor coolant system. A portion of
the high pressure charging flow is Injected into the reactor coolant
pumps between the thermal barrier and the shaft seal so that the seals
are not exposed to high temperature reactor coolant. Part of t'e flow is
the shaft seal leakage flow and the remainder enters the RGS through a
labyrinth seal on the pump shaft. Part of the shaft seal injection flow
cools the lower radial bearing, and part passes through the seals and is

cooled in the seal water heat exchanger, “i1tered, and returned to the
volume control tank.

Seal water injoaction to the RCS requires a continuous letdown of reactor
coolant to maintain the desired fnwercory. In addition, bleed and feed

of reactor coolant is required fo, remcval of impurities and adjustment
of boric acid in the reactor coolant.

During plant operation, reactor coolant fiows through che letdown 1ine
from the reactor coolant Toop 1 cold leg on the suction side of the pump
and s returned to the same cold leg on the discharge side ¢f the pump
via a charging 1ire. An alternate charging connection is provided to the
hot Teg of Tocp 2. An excess jetdown "ine s also provided in the
discharge side of the resctor coolant pump in loop 1.

Each of the connections to the RCS has an isolatfon valve located close
to the loop piping. In addition, a check valve 15 located downstream of
each charging 11ne 1solation valve. Reactor coolant entering the CVCS
flows through the shell side of the regenerative heat exchanger, where
its temperature is reduced. The coolant then flows through a letdown
orifice which reduces coolant pressure. The cooled, low pressure water
leaves the Reactor Containment and enters the Primary Auxiliary Building
where it undergoes a second temperature reduction in the tube side of the
non-regenerative heat exchanger followed by a second pressure reduction
by the low pressure let'own valve. After passing through one of che
mixed bed demiceralizers, where fonic fepurities are removed, coolznt
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flows through the reactor coolant filters and enters the volume control
tank through a spray nozzle. The cation bed demineralizer, located
downstream of the mixed bed demineralizers, is used intermittently to
control cesium activity in the coolant and to remove excess lTithium. The
deborating demineralizers can be used intermi ttently to remove boron from
the reactor coolant near the end of the core 1ife. When the deborating
demineralizers are in operation, the letdown stream passes from the mixed
bed demineralizers and then through the deborating demineralizers and
into the volume control tank after passing through the reactor coolant
filter.

Hydrogen is automatically supplied, as determined by pressure control, to
the vapor space in the volume control tank, which is predominantly
hydrogen and water vapor. The hydrogen within this tank is, in turn, the
supply source to the reactor coolant. Fission gases are perfodically
removed from the system by venting the volume control tank to the Waste
Disposal System prior to a cold or refueling shutdown.

The CVCS volume control tank, CVCS holdup tanks, and associated piping
were all designed to accommodate up to 100% hydrogen in the vapor space.
Flammable mixtures are precluded by excluding oxygen. The gas analyzer
samples these vapor spaces automatically and alarms any sample point
where an oxygen concentration of 2% is detected. Exclusion of oxygen is
accomplished by lTeak tight construction of tanks and piping systems and
by maintenance of positive pressure inside these tanks and piping systems.

From the volume control tank, the coolant flows to the charging pumps
which rafse the pressure above that in the RCS. The coolant then enters
the containment, passes through the tube side of the regenerative heat
exchanger, and is returned to the RCS. The three positive displacement,
variable speed drive chargin? pumps used to supply charging flow to the
RCS can be controlled manual y or automatically. During normal
operation, only one of the three pumps is automatically controlled with
the speed modulated in accordance with pressurizer level. During load
changes the pressurizer level set point fs varied automatically to
compensate partially for the expansion or contraction of the reactor
coolant associated with temperature changes. The leve! set point 1s
varied between 20 and 60 percent of the adjustable =ange depending on the
power level. Charging pump speed does not change rapidly with
pressurizer level variations due to the reset action of the pressurizer
level controller,

The concentration of the boric acid neutron absorber (for chemical
reactivity control) is controlled by adding the mixture of boric acid and
primary water upstream of the charging pumps. Small quantities of boric
acid solution are metered from the discharge of an operating boric acid
transfer pump for blending with make up water as make up for normal

Teakage or for increasing the reactor coolant boron concentration during
normal operation. The boric acid fs stored in two boric acid tanks after
being prepared in the boric acid batching tank.

During plant startup, normal operation, load reductions, and shutdown
11quid effluents containing boric acid flow from the RCS through the
letdown 1ine are collected in the holdup tanks. As 1iquid enters the
holdup tanks, the nitrogen cover gas is displaced to the gas decay tanks
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in the Waste Disposal System through the waste vent header. The
concentraticn of boric acid in the holdup tanks varies throughout the
core 1ife from the refueling concentration to essentially zero at the end
of the core cycle. A recirculating pump is provided to transfer liquid
from one holdup tank to another.

2.2.1 Component Cooling Water System

The Component Cooling Water Loop System is a system designed to remove
heat from the RCS components, heat exchangers (XXR), and pumps. The
water flows through these components in parallel lines of piping, which
stem from two main headers.

The component cooling loop is necessary to provide adequate cooling for
certain active components. In order to fnsure that the loop is
functioning properly, the loop 1s monitored by the following
instrumentation:
1. A pressure detector on the piping between the component cooling
heat exchangers and the component cooling pumps.
2. Flow indicators and temperature indicators ai the outlet of the
heat exchangers.
3. Radiation monitors in the inlet and outlet piping from the heat
exchangers.
4. Temperature indicators on the main inlet Tine to the component
cooling pumps,

The component cooling system transfers the heat to the Service Water
System. This arrangement reduces the extent of radfoactive lezkage by
providing a double barrier.

During normal operation, two Component Cooling Pumps (CCP) and one
Componznt Cooling Heat Exchanger (CCHXR) serve necessary loads. This
leaves one standby pump and one standby HXR. A1l five components are
utilized during normal plant shutdown, but safe shutdown is not affected
by the Toss of one pump or HXR.

Two Surge Tanks, one for each header, are used to allow for expansion and
contraction of water until a leak can be located and fsolated. These
tanks are monitored for high radiation. The surge tanks are also used to
receive make up water from the Primary Water Treatment Plant.

The cooling load from either of the headers can be split up such that
each header, alone, can supply necessary cooling for long term
recirculation following a LOCA in the event of a large break. This means
that at least one of each of the following is supplied by each header:

1. Residual heat exchangers

2. Residual heat remova pumps

3. Recirculation pumps

4. Safety injection pumps

The three CCPs are horizontal, centrifugal pumps and were designed to
withstand mechanical damage. These three pumps serve to circulate the
cooling water around the Toop.



CCHXRs are the shell and strafght tube type. Service water circulates
through the tube section at the same time that the CCW flows through the
shell section.

There are four Component Cooling Booster Pumps (CCBPs) (two for each
Recirculation Pump) which are used to protect the internal Recirculation
Pump motors from the atmosphere inside containment. Only one CCBP is
necessary for each rec’rculation pump. These CCBPs are started during
the injection phase of accident recovery.

Component Cooling is provided for:

. Residual heat exchangers
Reactor coolant pumps
Non-regenerative heat exchanger
Excess letdown heat exchanger
Seal water heat exchanger
Boric acid evaporator
Sample heat exchangers
Waste m~vaporator condenser
Waste gas compressors
Reactor vessel support pads
Residual heat removal pumps
Safety injection pumps
Recirculation pumps
Spent fuel pit heat exchanger

Charging Pumps
2.2.12 Service Water System

NEWNEOOE NN WS~
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The Service Water System (SWS) provides essential heat transfer for many
front-line and support systems. It accomplishes this by drawing cooling
water from the Hudson River and pumping it through heat exchangers which
interface with the other systems. The water is pressurized by nine
Service Water Pumps (SWP) each capable of pumping 5000 gpm. During
various plant conditions, flow requirements may vary. In the case of a
LOCA coincident with a blackout, initially two pumps must be operating
which supply flow to Nuclear and Conventional Services.

Of the nine service water pumps, six are used as main and three are used
as back-ups. An automatic strainer flushes debris out of the downstream
side of each SWP. Each of the nine SWP piping legs has identical
piping. The SWPs are divided into 3 groups, each with a header:

Main s
WT%PBZ. SWP33 - Conventional Services Header
SWP34, SWP35, SWP36 - Nuclear Services Header

Backu s
SWP37, g;gg. SWP39 - Backup SWP Header

During safety injection, all essential loads can be adequately cooled by
two of the three pumps normally on.

The diesel generators and the Central Control Room Air Conditioning Units
(CCR ACUs) are considered part of the “Nuclear Services" section of the
:HS. They lie downstream of the conventional, nuclear, and backup pump
eaders.
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Each of the three headers fs fed by three service water pumps. The three
normally operating pumps are those which feed the nuclear header which is
upstream of all essential loads. It 1s possible, however, to start other
pumps should any of these three be unavailable,

For the case of unit trip with blackout and safety injection, the success
criteria states that for the recirculation phase only one additional pump
is required for removal of the additional load. Should offsite power or
all three diesels be available, another pump is activated.

water is drawn from the Hudson River through “traveling screens” which
strain out objects in the river water. These screens are constantly in
use and require electrical Power and a supply of water to flush away
accumulated debris. After the water passes through these screens, it is
drawn to the main service water pumps through three normally open

routes. Two of these are via circulating water pump wells through
normally open sluice gates connecting them to the SWP well. A third path
is through the traveling screen path which connects directly into the SWP
well. Debris flushing water for the traveling screens is supplied by the
six main SWPs. Both the Conventional and Nuclear Services Headers supply
water to the traveling screens through a crosstie via VB4 and VYBS,
respectively, into a single pipe. A1l outside piping 1s heat traced.

The backup service water pumps (SWP37, SWP38, SWP39) draw water directly
from the discharge canal without any apparent screening of material
before it is drawn into the pumps. There are three identical SWP legs,
each with an automatic strainer downstream of the pumps.

The automatic strainers downstream of each backup SwpP regulariy flush out
debris. The destination of material flushed by backup SWP automatic
strainers is a trash trough.

Flow to the Conventional Services (e.g., boiler feed pump Tube o011
coolers) can come from the Nuclear or Conventional Service Water
Headers. The backup pumps, however, are downstream of the path to those
components and cannot circulate water through them. Flow to the Nuclear
Services (diesels and CCR ACUs) can come from the main pumps or the
backup pumps.

Flow is directed to the Nuclear Services from the two junctions of the
main and backup pump fed paths. Part circulates through the essential
Toads and part flows through the component cooling heat exchangers (a
non-essential load). Flow to the CCHXRs first passes through a crosstie
just upstream of them. This crosstie enables routing of flow from any
combination of the service water pump headers to the coriponent cooling
heat exchangers. There are two valves in the crosstie.

After flowing through the CCHXRs, the water flows through a single path
to the river.

Flow to Nuclear Services passes by outlets to an essential Toad, the
instrument air compressor coolers. Flow next passes to the CCR ACUs
which are defined essential Toads. There are two parallel trains, one
for each air conditioning condenser. The trains can be crosstied via
YGAT297K. After passing through the condensor, the water flows out to
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the river on a single path. Flow through the diesel generator lube o1)
and jacket water coolers also exits the system along a single path. Many
components on the discharge path are shared by the diesel and CCR ACU
heat transfer circuits.

Flow to the Conventional Services cools the essential load of the
feedwater pump lube 01 as well as non-essential loads. The feedwater
pump cooling is along a simple path with no crossties and dumps into the
discharge channel. The non-essential loads in Conventional Services all
lie in the Conventional Plant Closed Cooling System, which is a circuit
that interfaces with the rest of the SWS at the two Closed Cooling System
Heat Exchangers. Non-essential loads on this circuit include the bofler
feed pump pedestal coolers and the boiler feed pump bearing coolers.

2.2.13 Pressure Operated Relief Valves

The function of the pressure operated relief valves (PORYVs) is to provide
;‘ans?:re relief as part of the pressurized Overp-essure Protection System
oPS).

The OPS is designed to prevent the reactor vessel pressure from exceeding
the Technical Specifications (Appendix G) 1imits. These specifications
take into account the fact that the reactor vessel steel has less
ductility at low temperatures and that as the reactor vessel is
irradiated during its Tifetime, the limitations on pressure become even
more stringent.

The OPS is based on a three-channel analog curve tracking arrangement
which can initiate an appropriate chain of coincidence logic. is
arrangement has the purpose of automatically preventing violations of the
operating technical specification temperature/pressure 1imit curve for
the reactor vessel.

Wide range RCS temperature signals are used to perform two primary
functions in this system:
1 Provide the arming and disarming function, and
2 Serve as the independent variable in computing the system
pressure Timit that must be adhered to.

The arming function of the Overpressure Protection System is activated
when the RCS temperature is below a predetermined value (300°F).

The temperature signals are fed into three respective signal processors
whose task it is to provide maximum RCS pressures allowed as a function
of the input temperature. The difference between the Appendix G curve
pressures and the actual RCS pressure transmitted by three (0 to 1500)
psig transmitters is computed in each of the three channels. If any
two-out-of -three of these differences 1s samaller than a preset minimum, a
tr:;i) :penlcondit'lon will be initiated for each pressurizer power operated
relief valve.

The pressure operated relief valves are operated using a N» system with
Tocal accumulators at each valve. The main function of the pressure
operated relief valves is to protect against cverpressure by opening
automatically at 2335 psig. The PORVs will alco open automatically when
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the reactor coolant temperature is between 0°F and 300°F, to relieve the
RCS pressure to valves belox the Appendix G curves. Under this mode of
operation, the PORVs will relieve solid water rather than steam-water
mixture at 2335 psig.

Westinghouse conducted a generic reactor vessel overpressure study and
the analytical result: showed that only one PORY is necessary for the
design mass input overpressure incident and the design therma!l input
overpressure incident.

The motor operated valves and power operated re'ief valves feed to the
pressurizer relief tank. The tank has sufficient capacity to accept the
expected short term flow from the OPS.

2.2.14 Instrument Air System

The primary function of the Instrument Air System is to supply clean, oil
and moisture free compressed air to the instruments, controls, and other
required services in the conventional and nuclear plants,

Instrument air is supplied by two single stage compressors located in the
control building. Each compressor discharges through its individual
aftercooler and moisture separator to a common air receiver whose
discharge is arranged in parallel paths, each containing an air filter
and refrigerant dryer. Huadered flow is then split. The first leg
supplies the air requiremerts of the conventional plant. The sceond leg
supplies the air requirements of the nuclear plant and other services
located outside the buildings. In the latter case, further reduction of
the air dew point is necessary to prevent freezing in the lines. This is
accomplished by desiccant dryers in the air Tines which leave the control
building. Outside services include lines supplying the Auxiliary Feed
Pump House and the Intake Structure. Another line supplies nuclear
services which include the Penetration and Weld Channel Pressurization
System,

Backups to the Instrument Air System are supplied by the Station Air
System and the Administrative Building Air System through connections
downstream of the instrument azir receiver. Off of the Station Air backup
supply is also an emergency supply to the Penetration and Weld Channel
Pressurization System through an oi1 filter set and desiccant dryers.

Ambient air is supplied to the compressors through individual air filters
and silencers. A sight glass indicator will show red when an air filter
needs to be replaced. Air is compressed by the action of the piston and
exits to the aftercooler. Air compressor cylinder and aftercooler jacket
water cooling are supplied by the service water system through the
Instrument Air Closed Cooling Water System. Air from the aftercoolers
discharges to a common receiver where it is stored until used.

The compressors are designed to run continuously. MNormally, however, one
compressor runs (HAND mode) while the other is in a standby (AUTO mode)
condition. The compressor operating in HAND mode is controlled to
maintain the receiver air pressure between 100 and 110 psig. Should air
pressure decrease to 95 psig, the standby compressor will automatically
start and continue running until air pressure reaches 105 psig.
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Each compressor is controllec by an unloader, a device which vents the
air compressor's cylinders to atmosphere, thus allowing air to pass
freely in and out of the suction valves without compression. Air
pressure irom the receiver is fed back to a pressure switch for each
controller operating in HAND mode. When receiver pressure exceeds 110
psig, the pressure switch opens. The pressure switch controls a
three-way solenoid valve (SOV1196/1192) which is normally energized to
vent the unloaders. When the solenoid deenergizes, the full receiver
pressure passes through the three-way valve and is applied to the suction
valve unloaders causing them to open, thus unlcading the compressor.
Failure of this solenoid vaive to fully reset or the pressure switch to
close could result in a continuous unloading of the compressor. When
receiver pressure drops below 30 psig, the unloader valves shut and the
compressor is loaded regardless of the three-way valve's position.

On the discharge side from each compressor are temperature controllers
(TC 11045/1105S and TC 11065/1107S) which trip the associated compressor
on high discharge air temperature at 375°F or high cooling water return
temperature at 150°F. The tripped compressor will not cestart until the
temperature sensor cools and the controller resets. A fire in the
compressor room could cause both of the air temperature controllers to
trip because of high intake temperature.

The receiver provides sufficient storage space for the compressed air to
prevent pulsations produced by the compressors. The receiver relief
valve is set to 1ift at 135 Psig to protect the system from
overpressurization.

The main header, after the 3-inch Station Air backup supply tie, splits
into parallel streams, each containing an air filter set and a
refrigerant dryer. A differential pressure controller energizes a
normally shut 3-way solenoid valve when the air flow through the
refrigerant dryers is low enough that the differential pressure across
the dryers is greater than 12 to 20 psig. Energizing this solenoid
Causes the 3-way valve to pressurize the top of a fail shut diaphragm
valve. The diaphragm valve then opens allowing flow to bypass the
regenerative dryers through a filter. Manually opening the differential
pressure controller's equalizing valve (IA-65) will also bypass air
around the refrigerant dryers; however, the piping is much smaller in
diameter than the normal flow path. The dew point of the bypassed air
will be considerably higher than the 35°F dew point of the refrigerant
dryers. Rapid air expansion could cause air line freeze up when the
dryers are bypassed.

After the dryers, the air header splits. The 2-inch branch through IA-4
supplies the steam dumps and other Toads in the conventional plant
building Instrument Air System. The other path is to the desiccant
dryers and the nuclear plant Instrument Air System.

The regenerative dryers further reduce the dew point to -40°F so that
compressed air leaving the control building will not freeze under the
Towest expected outdoor temperature. A 4-way valve on the regenerative
dryer inlet directs air up through the desiccant bed in service. A small
portion of the dried gas is diverted to the other bed where it is
electrically heated and passed downward through the wet desiccant for
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re?eneration. This air then exhausts to atmosphere through the 4-way
valve. The 4-way valve and heaters are controlled by a timing circuit.

A nonregenerative desiccant dryer is provided in the bypass }ine around
the regenerative dryers. The solenoid valve (SOV1143) deenerygizes when
pressure switch PC1170S on the regenerative dryer discharge drops below
90 psig. In the deenergized position the 3-way solenoid valve vents the
diaphragm of the fail open valve (PCV1143) to atmosphere. When the
diaphragm valve opens, air flows through the nonregeneratlive desiccant
dryer. Once tripped, the solencid valve must be manually reset to
restore the bypass line to the standby condition. An alarm sounds in the
control room whenever the valve is open.

Parallel afterfilter sets on the discharge of the desiccant dryers remove
any desiccant which may have been carried over. Only one filter is in
service it a time. Local ope:ator action is required to reposition the
3-way seiector valves (IA-12) when the differentisl pressure gage
(DPI1132) reaches 5 psig.

A 3-inch tie from the station air system supplies emergency make up to
the refrigerant dryers. Parallel filter sets, similar to those described
previously, remove oil and particulates from the station air supply. A
pressure controller (PCV1169S) and 3-way solenoid valve (SOV1142),
similar to those described previously, cause the make up valve (PCV1142)
to open when the refrigerant dryers suction pressure drops below 90

psig. The meke up valve will remain open until the solenoid valve is
manually resct. An alarm in the control room warns the operator that the
make up valve is open.

An emergency make up to the Weld Channel Pressurization System is
provided from the same 1ine which supplies backup instrument air from the
conventional plant header, through manual stop valve IA-56. A paralle!
set of oil filters, desiccant dryers, and afterfilters are provided ir
this 1ine. Their operation and functions are the same as previously
described for the normal instrument air supply.

A blackout strips the Instrument Air System Motor Control Centers (MCC34
& MCC39) from their electrical buses. A local nitrogen backup supply fis
provided to equipment in the Service Water and Auxiliary Feedwater
Systems.

During blackout, all solenoid operated valves fail in the deenergized
position to vent the tops of their associated diaphragm valves. The
emergency tie isolation valve (PCV1142) fails open to make the stored
pressure of the Station Air System available to the instrument air
header. The refrigerant dryer bypass valve (PCY1542), however, fails
shut to prevent flow from bypassing the refrigerant dryers. Thus,
operator action is necessary to bypass the refrigerant dryers during
blackout. The nonregenerative desiccant dryer isolation valves
(PCY1141/1143) open to bypass air around the inoperative

regenerative desiccant dryers. The exhaust valves (SOV1101/1105) in the
regenerative desiccant dryer purge air outlets fail shut to conserve the
remaining system air inventory.
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When the instrument air pressure in the AFW System falls below 50 psig, a
pressure regulating valve (PCV1276) automatically opens to supply
nitrogen from three backup bottles. This backup supply services:
1. The Auxiliary Feedwater regulators (FCV405A/B/C/D and
FCV406A/B/C/D), normally shut, fail open
2. The turbine speed (HCV1118), steam isolation (PCV13104/8),
steam pressure (PCV1139), and the bearing cooling water flow
(PCV1213) regulators of Auxiliary Feedwater Pump No. 32
3. The AFW Pump City Water emergency tie fsolation valves
(PCV1187/1188/1189), normally shut, fail open
4. The Condensate Storage Tank (CST) fill isola%ion valves
(FCVI1211123), norma'ly shut, fail shut.

The steam isolation valves (PCV1310A/B) are temperature controlled and
automatically shut to protect the motor driven AFW pumps from a steam
line rupture if the air temperature in the Auxiliary Feedwater Pump Room
exceeds 180°F. Air pressure is required to open these isolation valves.

2.2.15 Lube 011 System

The Lube 0i1 System is used to circulate warm, purified, control and
lubricating ofl1 to the main turbine and the boiler feed pumps. The
system consists of mary large vented tanks, i.e., Main Turbine 011
Conditioner, Turbine Lube 0] Reservoir, Dirty and Clean 011 Storage
Tanks, Boiler Feed Pump 011 Console, and Boiler Feed Pump Turbine 011
Conditicner. A potential fire hazard exists upon the loss of tank
ventilation; however, carbon dioxide and foam fire suppression systems
are installed to control such fires.

The 011 Resevoir Heater Pump takes suction from the Boiler Feed Pump 011
Console when the locked closed valve L0-42 is opened. This pump is used
to warm up the ofl in the Boiler Feed Pump 011 Console when the system
has been shut down for an extended period of time. Part of this flow is
diverted to the sludge separator, R2D2, before returning to the Boiler
Feed Pump 0i1 Console.

The Boiler Feed 011 Console Transfer Pump is used to transfer oil to
either the Dirty or Clean 0i1 Storage Tank. Makeup oil is taken from the
Clean 011 Storage Tank via the 01l Storage Tank Transfer and Cleanup Pump
or the Turbine 0i1 Reservoir Transfer Pump.

The Boiler Feed 0i1 Console Circulating Pump is used to circulate oil
through the Boiler Feed Pump Turbine 011 Conditioner. The Boiler Feed
Pump 0i1 Conditioner Circulating Pump circulates the oil contained in the
Boiler Feed Pump Turbine 011 Conditioner through the polishing filter.

The Main Turbine 011 Conditioner Circulating Pump circulates oil between
the Main Turbine 011 Conditioner, its polishing filter, and the Turbine
Lube 011 Reservoir. 011 from the Turbine Lube 011 Reservoir may be
transferred to the Clean or Di rty 011 Storage Tank by opening the Locked
closed valve LO-15 and by running the Turbine 011 Reservoir Transfer Pump,

Lube 0i1 from either the Dirty or Clean 011 Storage Tanks may be cleaned
up by the Main Turbine 0i1 Conditioner by repositioning the 1.0-1 swing
connection and running the 0i) Storage Tank Transfer and Cleanup Pump.

-5]-



A truck loading connection is provided for filling or draining the
system. Various valves and blank flanges can be repositioned to
accomplish the desired truck loading/unloading elevations.

The R4D4 sludge separator can also be used to clean up the contents of
the Dirty and Clean 0i1 Storage Tanks. A bank of six heaters can be
vaived into the system to warm up the Tube oil.

The Boiler Feed Pumps are lTubricated by ofl from the Boiler Feed Pump 011
Console. Two 480 V ac Main Lubricating 0i1 Pumps take suction from the
consele and discharge through check valves to the high presssure oil
header. One pump provides sufficient flow to supply the needs of buth
Boiler Feed Pumps and their turbines.

The standby pump will automatically start if the running pump's circuit
breaker opens or the discharge header pressure drops below 115 psig. In
the event that bearing oil pressure decreases below 50 psig, the
emergency dc Lube 011 Pump will automatically start. Test switches which
open the solenoid dump valves may be used to verify the operation of the
automatic Tow pressure starting circuitry.

0i1 from the high pressure header passes through an orifice and filter
before entering a set of parailel coil coolers. Locally mounted pressure
gauges indicate when the filter should be replaced. Heat from the oil
coolers is removed by the Service Water System. Each cooler is
independently capable of supplying oil to both feed pumps and their
turbines. 011 from these components is returned to the ofl console
reservoir for reuse.

2.2.1€ Reactor Coolant Pump Seal System

The Indian Point-3 plant is a four-loop Westinghouse PWR. Each loop
contains a reactor coolant pump that is designed to circulate large
volumes of reactor coolant at high temperature and pressure. These pumps
facilitate the transport of energy produced in the nuclear core to the
tube side of the four steam generators for the production of steam that
is used to power the turbine-generator.

Each reactor coolant pump is a vertical single-stage centrifugal pump
which employs a controlled lTeakage seal assembly. Each pump is designed
to pump 89,700 gpm of reactor coclant at a temperature of 555°F and a
pressure of 2235 psig. Each pump consists of three general areas; the
hydraulics package, the shaft seal package, and the motor package.

2.2.16.1 The Hydraulic Package

The pump hydraulics area consists of a casing, impeller, diffuser,
thermal barrier, thermal barrier heat exchanger, lower radial bearing,
main flange and pump shaft.

The casing has a bottom suction and a side discharge nozzle. Reactor
coolant is drawn up through the casing adaptor which directs the coolant
flow to the impeller. The impeller is designed for counterclockwise
rotation. Labyrinth type seals are provided on the top and bottom
impeller guide structure to minimize recirculation flow. Coolant leaves
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the pump through a diffuser which converts the velocity head to pressure
head. The casing adapter and diffuser act to impede backflow through an
idle pump, and in case of a cold leg break to restrict flow through the
break.

Located immediately above the impeller and diffuser is a thermal barrier
assembly. During normal operation, the thermal barrier minimizes the
heat flow from the reactor ccolant to the pump lower radial bearing and
the shaft seal area. The thermal barrier assembly is made of all welded
construction consisting of a heat exchanger fabricated of layers of
coiled tubing in a pancaked fashion. A separation plate with drilled
passages on its cuter periphery is installed between the tubing layers.
Labyrinth seals are installed where the top, separation and bottom plates
:grround the pump shaft to minimize thermal barrier heat exchanger bypass
ow.

Cocling water for the thermal barrier heat exchanger comes from the
component cooling system, passing through a check valve before separating
to each pump. This same cooling water also goes to the motor bearing oil
cooler which will be discussed later. After the flow junction to motor
01l coolers, 25 gpm passes through a reducer and a check valve to the
thermal barrier heat exchangers. Piping from the check valves to the
flange connection on the pump is designed for high pressure since it may
be subjected to reactor coolant system pressure. After the coolant
passes through the heat exchanger, it flows through a local flow
indicator and a manual isolation valve. The heat exchanger exit flow
also has a safety valve (local) prior to the manual isolation valve to
relieve excessive pressure that may be caused by heating. This valve is
set at 2485 psig and relieves directly to the contaimment sump.

Following the manual isolation valve, flow from all the pumps combine and
penetrate the containment. The flow then passes through a local orifice
metaring device which controls the motorized valve directly upstream. If
a rupture in a heat exchanger should occur, high flow would result, and
the motorized valve would close. Thus, 1{solating all thermal barrier
cooling flows. Following the flow metering device is another motor
operated valve (MOV). High pressure piping is used from the MOY to all
the pump thermal barriers since they may be subjected to RCS pressure,
The combined thermal darrier return flow is then routed back to the
component cooling system. Low flow and high temperature are alarmed on
the SG panel in the Central Control Room (CCR).

Above the thermal barrier upper labyrinth seal, on the inside diameter,
is a stellite-overlayed valve seat which mates with a similar seat on the
bottom of the lower pump radial bearing journal. This acts as a low
pressure valve capable of holding a 30-foot head of water. The lower
radial bearing is cooled and lubricated by pump seal injection water. It
consists of a two-piece horizontally split housing, a bearing cartridge
anc a journal. Graphiter-4 ri ngs are shrunk into a bearing cartridge and
form the bearing surface. The beari ng operates against a
stellite-overlayed journal which is shrunk on to the pump snaft. A
resistance temperature detector, located in the thermal barrier housing,
senses water temperature and provides indication in the CCR on the RCS
supervisory panel (SAF). This is indicated on the panel as “No. 1 Sea)
Inlet Temp."
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2.2.16.2 The Shaft Seal Package

The pump shaft seal area consists of the No. 1 controlled-leakage film
riding face seal and the No. 2 and No. 3 rubbing face seals. These seals
are contained within the main flange and seal housing between the
hydraulics area and the motor area. The pump seal assembly restricts
Teakage from the primary coolant system along the pump shaft.

The No. 1 pump seal, the main seal of the pump, consists of a runner
which rotates with the pump shaft and a non-rotating seal ring attached
to the lower seal housing. The seal ring and runner have aluminum oxide
surfaces. A flow path is forme: between the seal ring and rurner with a
separation of about 0.00045 inches which depends on seal grometry and
pressure distribution. The seal ring is allowed to move axially to
accommodate changes in pump shaft position.

The No. 2 seal, located above the No. 1 seal, consists of a graphiter-39
insert shrunk into a stainless steel seal ring. The seal ring insert
rubs on an aluminum oxide surface runner which rotates with the pump
shaft. The No. 2 seal ring is alsc allowed to move axially.

The No. 3 seal, located above the No. 2 seal, is of similar design and
const;‘uction as the No. 2 seal. This seal s also allowed to move
axially,

High pressure injection water is supplied to the pump seal assembly from
the chemical and volume control system by the charging pumps. The seal
injection flow from the charging pumps passes through two injecticn
filters and manifolds with associated fsolation, vent and drain valves
and a valve bypass 1ine to all the RC pumps. The two filters are
provided outside the containment so that a single filter change can be
effected without interrupting the injection flow. A differential
pressure indicator is provided across the filters inlet and outlet
manifolds to register filter fouling. High RCP seal injection filter
differential pressure is indicated on the SFF panel in the CCR.

Each RC pump is provided with an orifice type inlet flow indicator and
transmitter for Tocal and CCR indication followed by an adjustable valve,
both Tocated outside contaimment so that injection flow can be adjusted.
Just prior to entering the containment, each injection line is provided
with a2 manual isolation valve. After the injection flow enters the
containment, three check valves are provided to prevent backflow from the
RCS if injection flow is lost. The injection 1ine is also provided with
a drain valve between the check valves and the pump connection so that
the pump seal cavity can be drained.

The seal injection flow, 8 gpm, enters the pump in the thermal barrier
region where the flow splits with a portion, 3 gpm, passing through and
around the lower radial bearing to the controlled-leakage seal package.
The remaining portion, 5 gpm, passes down through the thermal barrier
heat exchanger and into the reactor coolant system where it constitutes a
portion of the make up water and acts as a buffer to prevent RCS coolant
from entering the radial bearing and seal section of the pump. In the
event of seal injection water loss, the thermal barrier heat exchanger
will cool the RCS coolant passing upward through it.
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To assure sufficient flow through the thermal barrier labyrinth seal into
the RC sys'am, a pressure drop indicator is provided. This pressure drop
measurement is indicated in the CCR on the SFF panel as "RCP therma)
barrier to delta p“ and only gives an indication when positive downward
flow is provided. No indication of negative flow or RCS leakage is given

During normal operation, the No. 1 seal injection flow passes through the
No. 1 seal and splits with a small portion (3 gph) going to the No. 2
seal and the remainder leaving the pump. This outlet's flow passes
through a remotely operated valve, two flow meters in series and then
combines with the flow from the other pumps before returning to the CVCS
volume control tank. The flow meters are provided with isclation valves,
a valved bypass line and a valved drain Tine and give a low or high flow
alarm in the control room on the SSF panel.

To operate the RC pumps at low reactor coolant pressure, additional seal
flow is required to remove friction heating which 1s provided by the

No. 1 seal bypass line. This line, which is on the high pressure side of
the No. 1 seal, consists of a vent connection, a check valve, a letdown
orifice and a flow indicator. In the circuit following the flow meter
all pump bypass lines combine, pass through a flow control valve and
return to the volume control tank. The bypass line normally remains
closed at RCS pressure above 1500 psi or when the flow through the No. 1
seal is greater than 1 gpm. Combined low bypass flow is alarmed on the
SFF panel 1n the CCR only when the bypass flow control valve is open.

Between the No. 1 seal lea.-off line and the bypass line a differential
pressure indicator is provided which indicates pressure drup across the
No. 1 seal. This measurement is indicated in the CCR with an alarm if
the pressure drop falls below 275 psi.

The No. 2 seal injection water passes through the seal and then splits
where a small portion (100 cc/hr) goes to the No. 3 seal and the
remainder goes to the No. 2 seal leak-off system. The No. 2 leak-off
water lTeave the pump and goes to a six-inch diameter standpipe that
provides the seal with a seven-foot water head back pressure. The
standoipe outlet 1ine has an orifice restriction that is designed to
permit the normal No. 2 seal leakage to pass. After the orifice on the
standpipe outlet line, it Junctions with the standpipe overflow line,
then passes through an isolation valve and combines with the flow from
the other pumps before going to the reactor coolant drain tank. The
standpipe has a valved high point vent line, a drain valve, two level
indicators and can receive make up water from the reactor coolant make up
system via the charging pumps. The two leve! instruments are provided to
indicate both hich and low level in the tark. Their signals activate low
and high level 2 arms and indicator lamps n the SA panel in the CCR. A
high standpipe level indicates excess learage through the No. 2 seal
while a Tow level signal indicates excess leakage through the No. 3 seal,
the standpipe make up water circuit consists of a remotely operated valve
(sgrltch on the SA panel in the CCR), an adjustable f]ow valve and a check
valve,

The No. 3 seal water passes through the seal and then drains into the
floor trench in the annulus area below the reactor vessel. There is no
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valve in the drain line. The No. 2 seal standpipe provides the back
pressure which insures leakage flow through the No. 3 seal,

2.2.16.3 The Motor Package

The Motor Package is located on the top of the pump and is separated frem
the RCS by the seal package. The motor is a vertical, solid shaft, six
pole class b thermal elastic epoxy-insulated, squirrel cage induction
motor ¢f drip procf design. The motor is equipped with upper and lower
radial juide bearings, a double Kingbury type thrust bearing, thrust
bearing oil 1ift system, flywheel, bearing oil coolers, space heaters,
anti-rotation device and appropriate instrumentation.

The motor windings are air cooled and have six resistive temperature
detectors embedded in the stator winding. The motor shaft is connected
to the pump shaft by two solid carbon steel flanges. The flywheel is
lTocated on the upper portion of the motor shaft and provides additional
fnertia to extend the coast down time of the pump. On each side of the
motor windings are the upper and lower guide bearing.

The Tower guide bearings, with a babbit-steel surface, operates against a
0.5 carbon alloy steel journal. The entire bearing assembly is immersed
in a 25-gallon oi1 reservoir and the oil is circulated by convection
currents and agitation due to the shaft rotation. An integral one-pass,
coiled-finned tube heat exchanger is located within the oil reservoir.
Local oil Tevel indication along with high and Tow of1 level alarms,
annunicated in the CCR on the SAF, are provided. A bearing temperature
detector provides indication and alarm in the CCR via the plant computer.

The upper bearing assembly consists of a combination upper guide bearing
and thrust bearing. The babbit-on-steel bearings operate against an
alioy steel journal shrunk onto the motor shaft. Both bearings have a
175 gallon of1 reservoir with the oil being circulated by the thrust
bearing runner. The upper bearings ofl is cooled by a two-pass heat
exchanger mounted on the side of the motor. Local oil level indication,
along with high and low oil level alarms are annunicated on the SA panel
in the CCR.

Both the upper and lower bearing 0il heat exchangers have component
cooling water as the cooling medium. Each heat exchanger cooling water
Tine junctions with the component cooling water inlet line separately
prior to the check valve in the line that goes to the thermal barrier
heat exchanger. The lower bearing oil cooling water passes through an
fsolation valve, the heat excharger, a local flow meter, another
isolation valve and junctions with the upper bearing oil cooling water.
The upper bearing oil cooling water line has two isolation valves, one on
each side of the heat exchanger before it junctions with the lower
bearing oil cooling water line. Both cooling water 1ines have a valved
vent connection between the isolation valves. After the two cooling
1ines come together, the cooling water passes through a flow meter and a
valve before returning to the component cooling water system. Bearing
coolant return low flow and high temperature alarms are provided on the
auxiliary coolant supervisory panel (SG) in the CCR.
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2.3 System Digraphs

In the previous sections, the systems to be analyzed in this study were
identified and described. In this section we discuss the digraph
modeling efforts resulting in the construction of system digraphs for
each of these previously described systems.

For each system, the modeling effort involved the establishment of system
boundaries, the mocdeling of major components and their

interrelationships, and the unit model expansion of selected major
components within the system. Appendix A provides a more detailed
discussion of Digraph Matrix Analysis and the digraph modeling procedures.

The establishment of system boundaries is particularly important for two

reasons. First, it is necessary to bound each system and identify the

precise nature of the boundaries so that when systems are combined, the

mutual boundary nodes are properly taken into account. Secondly, system

::;Iure criteria must be identified and expressed at modified boundary
es.

A feature of the DMA approach that results in enhanced clarity of the
modeling approach is the use of the actual plant drawings and component
jdentifiers as a basis for the resultant model. Thus, the plant
schematics are used as a template for the digraph model which is sketched
as an overlay drawing. In addition, node names based on the schematic
identifiers are used to the greatest extent possible.

Drawings of the plant schematics (P&IDs) together with overlay drawings
of the corresponding digraph models are assembled in Appendix B, found in
Volume 3 of this report. Node names, as discussed previously, are based
on schematic identifiers found in the P&IDs, and are also identified

rically in the glossary of this report and in the glossary of

ppendix B. The computer input file and symbolic description of the
digraph models in the form of adjacency input 1istings can be found in
Appendix C (Volume 4). A1l of these information sources can be used in
conjunction with the following system-by-system discussions of the
construction of the system digraph models.

23.) Safety Injection System Digraphs

2.3.1.1 Overview

The Safety Injection System (SIS) Piping and Instrumentation Drawing
(P&ID) is provided in Fig. B.1. of Appendix B. The safety injection
system operates in four modes; high pressure injection, low pressure
injection, high pressure recirculation and low pressure recirculation.
Despite operating in a variety of modes, the SIS was modeied as a single
digraph (with appropriate computer flags to distinguish the differences
of the system unde- alternative modes of operation).

The safety injection and recirculation phases are included in one
complete model (see Figs. B.1.1 and B.1.2) which consists of two digraphs
traced over two P&IDs. Three separate failure criteria were used for
different conditions. Since a significant portion of the piping is
shared by the injection and the recirculation phases, this method of
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modeling the hardware and flagging different modes and phases gives a
very complete visual picture. Only three of the five possible
injection/recirculation phases are included in the chosen system
combinations. High Pressure Recirculation (HPR), and Accumulator
Injection (ACC) were excluded from the scope of this study by the NRC,
although the piping exists on the drawings. The three which are included
are:

1. High Pressure Injection (HPI)

2. Low Pressure Injection (LPI)

3. Low Pressure Recirculation (LPR).

The terminal nodes representing system failure criteria are shown on the
Phase and Path Interconnection Digraph (see Fig. B.1.3). The terminal
nodes SLOCA, MLOCA, and LLOCA are used to identify small, medium and
large LOCA respectively. Each system combination uses only one of these
terminal nodes.

2.3.1.2 Path Criteria

The Phase and Path Interconnection Digraph is based on the fact that
eventually all injection legs come together to form four cold injection
legs. Therefore, the digraph (see Fig. B.1.3) starts with 14 legs on the
right hand side and leads to four terminal nodes on the left hand side.
The input consists of four cold legs and one hot leg dedicated to the
high pressure injecticn path that bypasses the Boron Injecti - Tank , and
four cold Tegs and cne hot leg dedicated to the path througr ¢ BIT,

The four cold Tegs of the non-BIT path and the four legs of the residual
heat exchanger (RHXR) path meet first, followed by the BIT path which
connects in later. No boron injection is necessary since the reactor is
assumed to be scrammed at the start of the accident. For this reason,
the BIT and non-BIT paths are redundant. Since a break in any reactor
cold loop renders that path useless for injection, conmon 10up nodes are
introduced to propagate the break to the non-BIT path, the BIT path, and
the RHXR path.

The failure criteria for paths into the core varies with the size of the
LOCA. A small LOCA with the reactor scrammed requires only one high
pressure Teg of the 10 legs (eight cold legs or two hot legs) into the
core provided that the path is not connected to the leg with t- break in
it. This path can go either through the BIT or around it. A medium LOCA
requires two of the ten high pressure legs through the BIT or around it,
or a low pressure leg through the RHXRs. These high pressure criteria
are based on the assumption that the hot leg injection paths are
sufficient alternate paths if all cold leg paths are blocked in High
Pressure Injection. In the event of a large LOCA, the Low Pressure
Injection System must provide two unbroken legs through the RHXRs.

2.3.1.3 Pump Criteria

The Safety Injection Pumps are required for High Pressure Injection. In
the event of a small LOCA, only one SIP is necessary to supply injection
cooling to the core. Two pumps are needed for a medium LOCA. This is
shown in the Pump Criteria Digraph (See Fig. B.1.3). The functioning
pump or pumps must be able to supply cooling to the functioning path or
paths.
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There are two Residual Heat Removal Pumps (RHRPs) to supply Low Pressure
Injection and one alternate path for Low Pressure Recirculation from the
containment sump. One pump is sufficient for all phases and the other
provides backup.

Two Recirculation pumps (RECPs) are provided for LPR from the
recirculation sump. Only one is necessary for all phases.

2.3.1.4 Cooling Requirements for Recirculation

In either a medium or large LOCA recirculation phase, some cooling is
necessary since the water that is being used to cool the core starts out
hot from its last pass through the core. This cooling can take place by
means of the RHXRs. There are two redundant RHXRs. The assumption is
made that the valves downstream toward the core from the RHXRs do not
necessarily need to be closed to force the water back up to the SIPs for
the aiternate path during HPI. It is assumed that the suction on the
SIPsfconbined with the high pressure in the core is ¢ fficient to divert
the flow.

In recirculation, flow from the functioning pump (either RECPs or RHRPs)
must be piped through the functioning RHXR and into the available path or
paths to the core.

2.3.1.5 Safety Injection Actuation Signal

Upon the receipt of an SI signal the SIPs and the RHRPs start. In
addition, isolation valves on both sides of the BIT open, and the valves
which allow the recycling of the BIT close.

Along with the BIT isolation valves, ther: are a number of
valves which are already open and also receive a confimmatory SI signal
to open. The valves which receive an SI signal are listed in Table 2-8.

TABLE 2-8
Yalves Receiving an SI Signal
Identifier Description Initial State
T. MOVTB52A/8 BIT Isolation Normally Closed
2. MOV1835A/8 BIT Isolation Normally Closed
3. MOV8S6C/E/H/J  High Head Cold Legs Normally Open
4, MOVBS51A/B High Head SIP Discharged Normally Open
5. FCV1851A/8 BIT Recycle Normally Open

After SI has been initiated and the automatic systems take over, the
operators check various indicators and determine what type of accident
(1f any) is taking place and what operator action is required. If all
systems are functioning normally, either the RHRPs or the SIPs can be
shut down (the other remains in use). If there is a problem, however,
the operator must repair it or re-route the flow.

There are three paths for high pressure injection - two of these are
normal flow paths either through MOV1810 or by opening VGAB98 if the
MOV1810 1ine is blocked. The third choice involves routing flow through
the RHRPs and RHXRs, then back to the SIPs through MOVB38A/B. Either of
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the last two alternate paths require operator intervention as denoted by

OPRs (operators doing the right thing during the accident). These OPRs

are OPR898 and OPR888. In addition to . is responsible

2?; closing MOV899A/B or MOV746/747 to insure flow is routed back to the
s.

Low pressure injection has its only path as the normal flow through the
RHRPs and the RHXRs, and then flowing out through the Low Pressure
Injection legs. There is no way to re-route flow.

Flow paths for low pressure recirculation are varied mainly due to the
fact that there are two sources of water - the Recirculation Sump and the
Containment Sump. Normal flow is routed from the RECPs (drawing from the
Recirculation Sump) to the RHXRs to the Low Pressure piping, with back-up
capability provided by the RHRPs drawing from the Contaimment Sump. In
the case where back-up capability is required, but the path from the
RHRPs to the RHXRs is blocked, there is an alternate route through MOVS833
up to the SIPs, then through MOVB88A/B and backwards through one heat
exchanger then forward through the other heat exchanger and out the Low
Pressure Injection legs.

2.3.1.6 Crossties

There are several groups of pipe junctions near headers which require a
crosstie model. These junctions include input to the SIPs (three inputs
and three outputs), input and output of the RHXRs (two inputs and two
outputs) and a pipe crossing between the two headers leading to the Low
Pressure Injection legs (two inputs and two outputs). Crossties are
discussed in more detail in Section A.4.2,

The crossties can lead to cycles (see Section A.4.3 for a discussion of
cycles and loops) between phases because the direction of flow is
dependent on hydraulic conditions and not hardware restrictions. This
problem can usually be solved by the j: icious placement of “boundary
nodes”. Alternmatively, situations ex’ & where greater effort to break
the cycle is required. This occurs on * in high pressure injection and
once in two different directions in lo. pressure recirculation. For high
pressure injection, the cycle is in Fig. 2-2.

The problem arises because in the digraph of Figure 2-2 failure cannot
propagate to each of the SIPs from the RWST. Should the RWST be emptied
of water, that failure should propagate to all three SIPs. For example
from RWST to SIP31, note that failure reaches the first AND-gate (A) on
the right side, but can't reach through because in order for the left
side of AND-gate (A) to fail, the failure must have already propagated
through AND-gate (A). (Tracing back from the second side of AND-gate A
leads to AND-gate B. The left sides of AND-gate B can only fail through
the RHXRs and RHRPs back to AND-gate A.) This is the type of conditioned
cycle which must broken.

The procedure for breci .9 the cycle involves considering each sink
separately. In this case, SIP31 is a different case from SIP32 and
SIP33. This is because shorting AND-gate A from RWST to the output of
the gate only makes sense for SIP32 and SIP33, since flow to the left
side of the AND-gate must have passed by both SIPs already. Similarly,
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Figure 2-2 High Pressure Injection Cycle



flow to SIP31 indicates that a short from the RWST to the output of
AND-gate B would solve that cycle problem.

These two different shorts require dummy nodes representing each node on
the cycle path for each solution. These paths will be designated as
primed (to sinks SIP32 and SIP33 - shown in grey) and double primed (to
sink SIP31 - shown in red). This is shown in Figure 2-3.

There are two conditioned cycles in low pressure recirculation which
exist because flow can circulate around the heat excnangers. This time
there are two AND-gates which must be shorted for each sink. Figures 2-4
and 2-5 show the cycle and its solution respectively.

In Figure 2-3, the red and green lines represent flow in one direction
and the blue and black lines represent flow in the other direction.

Unit models of various pumps and valves in the Safety Injection System
are included in Appendix B in Figs. B.1.4 - B.1.5,
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Figure 2-3 Dummy Nodes for Safety Injection Cycle
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2.3.2 Safety Injection Actuation Digraphs

The Safety Injection Actuation System (SIAS) detects faults in the
primary or secondary reactor coolant systems and inftiates engineered
safeguard component operation. The successful operation of the SIAS
will: 1) trip the reactor, 2) initiate a generator trip and bus transfer
30 secs after reactor trip, 3) initiate the safequards equipment sequence
signal, including starting of the diesels, 4) initiate containment
ventilation isolation, §) initiate containment “phase A" isolation, and
6) place the isolation valve seal water system into service.

A SIAS signal is initiated by any one of the following six signals: 1)
low pressurizer pressure, 2) steam line b eak upstream of the main steam
isolation valves (MSIVs), 3) steam line break downstream of the MSIvVs, 4)
high contaimment pressure, 5) high-high containment pressure, and, 6)
manual actuation,

The SIAS signals originate at various instruments which transmit
information to bistables that trip when out of tolerance conditions
occur. This instrumentation is powered from the ac instrument buses.
ihe bistables control ac relays that open contacts arranged in a logic
matrix that de-energizes dc master relays in the SIAS circuit. The
master relays, when de-energized, close contacts that energize auxiliary
relays in the same circuit. The auxiliary relays control contacts on the
various equipment or actuate still other slave relays that control
contacts on equipment. These slave relays are located at the equipment
switchgears along with the switchgear and bus interlocking and

undervol tage relays.

Two safety injection actuation logic trains "a" aad “b" are utilized for
redundancy. The duplication begins at the bistables and continues %o the
various equipment. SIAS logic train “a“ is supplied with power from the
125 V dc distribution panel 31 and logic train “b" from the 125 ¥ dc
distribution panel 34,

The SIAS was modeled for failure to initiate or transmit a signal to the
various equipment. A brief discussion of the models for each of the
initiation signals is given below.

The low pressurizer pressure signal is activated whenever any two of
three pressures indicate below 1720 psig. The pressure signals are
derived from the same pressure chanrnels used for the low pressure reactor
trip, however, lead-lag amplifiers are not used. This trip logic can be
manually bypassed using a “block SI" switch in the control room to allow
for normal reactor coolant system cooldown and depressurization. This
SIAS initiation signal would fail whenever any two of the three pressure
sensor channels fail or by the manual bypass.

The sieam break upstream of the Main Steam Isolation Valves logic uses a
comparison Togic circuit whereby each of the steam generator's pressure
is compared to the steam pressure in each of the other three steam
generators. A 2 out of 3 logic is used such that if a given steam
genarator pressure is more than 125 psi lower than 2 of the 3 remaining
steam generators, a safety injection actuation trip signal will be
generated. The comparison logic would fail whenever any 2 out of 3 steam
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generator pressure inputs fail. The SI trip logic would fail when all 4
comparison logics fail,

The steam break downstream of the main steam isolation valve logic uses
the steam flow as measured by sensing the differential across a steam
flow element in the main steam line. One flow element and two delta-p
transmitters are used for the main steam line associated with each steam
generator. The output from each delta-p transmitter is compared to a
reference signal based on the turbine first stage pressure in flow
control comparison bistables. The comparison bistables (2 per steam
line) feed into a 1 out of 2 logic circuit (1 per steam generator). The
1 out of 2 logic circuits would fail whenever both inputs fail. The four
1 out of 2 logic circuits then feed into a 2 out of 4 logic circuit for
the generation of the steam break signal. Thus, steam break downstream
of the MSIVs must be sensed by 2 out of 4 flow channels to initiate a
safety injection trip. This logic circuit would fail whenever any 3 out
of 4 inputs f i1. The SI actuation signal is also interlocked with
either a Tow tyyg signal (2 out of 4 steam pressure channels below
544°F) or a " ow gtm generator pressure signal (2 out of 4 steam
pressure channels below 600 psig). These interlocks are provided in
order to allow for startup, steam dump or atmospheric relief valve
protection.

The high containment pressure iogic is activated whenever any 2 out of 3
containment pressure channel inputs register a contaimment atmosphere
pressure of 2.0 psig or greater. This logic exists to limit the maximum
atmospheric pressure within the containment due to a primary or secondary
Teak. This system would fail whenever any 2 out of 3 containment
pressure channel inputs fail,

The high-high containment pressure trip logic is activated whenever any
redundant 2 out of 3 containment pressure channel {inputs register a
containment atmosphere pressure of 28 psig or greater. This SI actuation
trip logic acts as a backup to the high contaimment pressure trip logic.
In addition to initiating safety injection, high-high containment
pressure will also result in a phase “b" containment isolation, a
containment ventilation isolation, contaimment spray actuation and steam
line isolation. This trip logic exists to close the steam line air
operated check valves to prevent overpressurization of the containment
due to a steam break inside the containment with simultaneous failure of
the nonreturn check valve in that loop. A second reason for this trip
logic is to block the path of the steam line rupture since that path
connacts the containment atmosphere with the secondary plant or the
outside atmosphere. Since the containment spray system uses highly
corrosive NaOH additive, redundant logics are used to trip the high-high
containment pressure signal to prevent actuation of the sprays on a
spurious signal.

The SIAS inftiation signal could fail to be transmitted in the
circuitry. The contacts in both SI actuation trains for all of the
master relays are normally energized and de-energize when tripped except
for the high-high containment pressure trip. Therefore, only the ac
power for the high-high containment pressure trip need be modeled since
lToss of ac power to all other SI actuation trips will lead only to a
spurfous SI signal. The SI master relays will trip on loss of dc power
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in each train. However, since the auxiliary relays are also powered by
the same dc bus, they will not energize to transmit the SI actuation
signal.

The SI slave relays were modeled along with the bus interlocking and
undervoltage relays. The connection to their associated equipment could
fail due to relay failure or failure of their associated dc power supply.

The bus undervoltage relays associated with the switchgears were modeled
to respond to an inadvertent undervoltage signal in their respective
bus. This was done because the undervoltage relays trip various
equipment off line. A more detailed discussion of the undervoltage
relays and their association with load shedding and re-energizing is
given)fn the discussion of the electrical system (Sections 2.2.9 and
2.3.6).

In some instances, the failure of the SI signal or the transmission .f an
inadvertent undervoltage signal has a beneficial effect. (For example:
blecking the trip of a certain pump.) These “success” paths were
included in the SI model.

2.3.3. Main Feedwater Digraphs

2.3.3.1 Introduction

The main feedwater system is designed to supply coolant to the secondary
side of the four steam generators (SGs). This secondary coolant removes
heat from the primary coolant system and is converted to steam that
drives the turbine generator. Once through the main turbine, the steam
is condensed and returned to the SGs as secondary coolant.

The successful operation of the main feedwater system requires
normal levels be maintained in all four steam generators. Thus, the
failure criterion for the main feedwater system is failure to supply
sufficient coolant flow to any one of the steam generators.

The main feedwater system can be considered as having four functional
divisions: 1) two turbine-driven main boiler pumps, 2) secondary coolant
delivery to the SGs, 3) main steam from the SGs to the turbine generator,
and 4) condensate make up to the boiler feed pumps. A discussion of the
main feedwater system models following the four functional areas is given
below. (See associated P&IDs and Digraphs in B.3 in Appendix B.)

2.3.3.2 Main Boiler Feed Pumps

The two main boiler feed pumps facilitate the transport of secondary
coolant to the four steam generators. Both pumps are required to operate
to maintain normal SG levels. Therefore, failure of either pump will
result in the failure of the main feedwater system.

Each boiler feed pump (BFP) assembly consists of a horizontal steam
driven turbine coupled to a horizontal single-stage centrifugal pump, a
control and lubrication system and associated control circuitry. Both
pumps are supplied with a single seal-water injection system. The model
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for these pumps consists of a set of unit models which include their
support systems.

Each BFP turbine is controlled by a control oil system that consists of
several servomotors and controllers, an oil collection tank and
interconnection with the turbine and pump lubrication oi1 and the BFP of)
console. The various servomotors and controllers are listed below:
1) High pressure stop value controller and servomotor,
2) High pressure governor valve servomotor,
3) Low pressure stop valve controller and servomotor,
4) Low pressure governor valve servomotor,
5) Auto-stop trip system that trips the turbine on overspeed
(5800 rpm), low bearing pressure (< 10 psig), low condenser
vacuum (< 16.2 inch Hp0), manual trip and solenoid trip. The
solenoid trip shuts down the turbine on bearing wear indications
and local or remote manual trip.

The servomotor and controller assemblies control contacts in the turbine
trip, reset, governor and stop valve circuitry. A1l BFP control
circuitry is designed such that loss of dc control power will not trip
the BFP turbine.

The oil pressure to the each control ofl system is supplied by the BFP
main oil pumps.

The assumptions used to model the BFP control oil system were:
1) loss of oil pressure to any controller or servomotor will change
the state of the associated contacts in the control circuity,
2) no flow or Tow 0il level in the oil collection tank will send a
signal to the BFP main oil pumps,
3) loss of oil return from any assembly in the control oil system
will not fail the tanks delivery to the main oil pumps, and
4) loss of oil return from the BFP turbine or pump bearings will
fail the tanks delivery to the main oil pumps (low tank level).
In addition, loss of oil pressure to either turbine or pump bearings wil)
trip the associated boiler feed pump.

Each BFP turbine trip and reset circuit actuates a solenoid that vents
instrument air and closes the steam inlet valve. This solenoid is
normally de-energized and is energized by closure of several contacts,
some in a logic matrix, from the bearing protective device, the overspeed
trip device, the BFP discharge valve, a remote control switch and a local
trip pushbutton on the BFP control console.

The governor valves control the turbine speed by adjusting the amount of
steam into the turbine. There are two governor valves; one on low
pressure steam and one on high pressure steam. Both governor valves are
controlled by the BFP control of]1 system and close on loss of ofl
pressure.

The high and Tow pressure stop valves shut off the high and low pressure
steam from entering the turbine, upsteam of the governor valves. These
valves are also controlled by the BFP control oil system and operate to
trip the turbine loss of oil pressure.
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The BFP seal water injection system consists of two pumos that take
suction from the condensate system and inject water into t).c seal area of
each pump. Only one injection pump is necessary to procuce sufficient
seal water pressure. Therefore, failure of both pumps w!., cause a
failure in seal water injection and ultimately, failure of the boiler
feedwater pumps.

Both boiler feed pumps and turbines are cooled by the service water
system. Failure of service water cooling will cause the boiler feed
pumps and turbines to trip. In addition, service water also cocls the
BFP control and lubrication ofl through two heat exchangers. One heat
exchanger will provide sufficient cooling. Therefore, failure of cooling
to both heat exchangers is necessary to cause high oil temperature that
would fail (or trip) the main BFP ui1 pimps.

2.3.3.3. Secordary Coolant

Both boiler feed pumps deliver secondary coolant to a commun header that
supplies flow to three feedwater heaters (36A,B,C) and a bypass line.

The discharge from the heaters ars bypass line feed a header that goes to
the four steam generator feed lines.

The model for flow to the four steam generators is based on the two
following assumptions:

1) flow through any 3 of the 4 heater paths (3 heaters, 1 bypass) is
sufficient to supply the four steam generators with feedwater.
Therefore, failure is defined as failure of any .w paths, and

2) the feedwater heaters contribute to the failure of the flow path
only i7 they are blocked and do not pass flow. Faflure of the
heaters to provide heating of the feedwater is not considered to
contribute to the failure of the flow path.

Flow is supplied to each steam generator through a main feed line or a
low-flow bypass 1ine. Each line is capable of supplying sufficient flow
to maintain normal steam generator level. Therefore both lines must fail
to deliver flow before secondary coolant make-up is lost to each steam
generator.

Both the main feed and Tow-flow bypass 1ines are equipped with
pneumatically operated feed regulator valves. These valves will fail
closed on loss of instrument air. The main feed regulator valves are
automatically controlled by the feedwater control system. The low-flow
bypass regulator valves are manually controlled.

2.3.3.4 Main Steam

The main steam system supplies the main turbine with high pressure
steam. This system also supplies the “wo boiler feed pump turbines and
the turbine-driven auxiliary feedwater pump with steam. The main steam
system was not modeled except for the connections to these three
turbine-driven pumps. *
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2.3.3.5 Condensate System

The condensate system supplies coolant to the boiler feed pumps suction.
This system consists of three main condensers, three condensate

pumps, heater drains return, flash evaporator, steam-jet air ejector
condenser, gland-steam condenser, three low pressure feedwater heater
trains (31A,B,C and 32A,B,C), three feedwater heater trains
(33A,8,C;34A,B,C;35A,8,C) and associated piping.

Each main condenser supplies coolant to the condensate pumps inlet header
with two 1ines. The model assumes that any of the six lines provide
adequate suction to the condensate pumps.

During full power operation, all three condensate pumps must be
operating. Therefore, failure of any one condensate pump will fai)
boiler feed pump suction requirements.

Condensate pumps 31, 32 and 33 are supplied with ac current from the 6.9
kV buses 2, 3 and 4, respectively. The condensate pumps deliver coolant
to a discharge header which branches into three flow paths; 1) flow path
A, through the steam-jet air ejector condenser and the gland steam
condenser to the low pressure feedwater heater train inlet, 2) flow path
B, which flows directly to the low pressure feedwater heater train inlet
where it combines with flow path A, and 3) flow path C, which is a
recirculation path back to the main condensers.

The combined flow of paths A and B goes through three parallel sets of
Tow pressure feedwater heaters. The heater train is also equipped with a
valved bypass 1ine. Flow is required through 3 of the 4 heater train
flow paths (3 heater sets and 1 bypass line). Therefore, insufficient
flow will result if any combination of two paths fail,

After passing through the low pressure feedwater heater train,

the condensate flow splits into two paths. One path goes directly to the
inlet of the feedwater heater train with the other passing through the
flash evaporator. These two paths recombine before going to the
feedwater heater train. Both the direct and flash evaporator paths are
capable of supplying sufficient flow to the feedwater heater train.
Therefore, both paths must fail to pass flow for this subsystem to fail.

The boiler feed pumps normally receive flow from a header connected to
pump 31 that continues to pump 32. This is the normal flow path from the
feedwater heater train. However, there is a bypass line that connects to
pump 32 first then continues to pump 31 via the same header used for the
normal flow path. Thus, there is a crosstie situation for the adjoining
header. The only other pathways for flow to the boiler feed pumps are
from the heater drains tank or the “dynamite” valve, FCV1150. Valve
FCV1150 could be used to bypass all components between the condensate
pumps and the boiler feed pumps, however, operators are under strict
orders not to use this valve. Additionally, the valve is reportedly
go;n?edto be removed. Thus, valve FCV1150 and its flow path were not
modeled.

The boiler feedpumps require 3 of the 4 incoming feedwater heater lines
(3 from the heaters and the ! bypass) to fulfill suction requirements.
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Also, there must be flow from the heater drains tank, which suppiies 35%
of the feedwater suction requirements. Therefore, failure of condensate
make up to the boiler feedpumps is failure of any 2 of the 4 incoming
feedwater lines, or, failure of the heater drains return.

Coolant from the No. 35 and 36 heater drains and the main stream drains
tank is collected in the heater drains tank and pumped tc the boiler feed
pumps inlet header. The piping from the heater drains tank to each
heater drains pump has a level control valve operated by a pneumatic tank
level controller. The unit model for the tank assumes loss of instrument
air to the tank level controller will shut both level control valves.

The two centrifugal heater drain pumps are remotely controlled from the
central control room. Pumps 31 and 32 are powered from the 6.9 kV buses,
3 and 4 respectively. These pumps will trip from:

1) motor thermal overload,

2) overcurrent, instantaneous and time delayed,

3) Tow-low discharge flow

4) Tow-low heater drains tank level, and

5) main generator primary and backup trips.

The heater drain pumps will not trip on loss of dc control power. In
addition, the instrumentation bistables associated with the pumps are
considered normally de-energized so that a loss in an instrument bus will
not trip the pumps.
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2.3.4 Puxiliary Feedwater System Digraphs

The auxiliary feedwater system provides secondary coolant to the four
steam generators in the event of failure of the main feedwater system.
During reactor shutdown conditions, the auxiliary feedwater system must
supply at least one steam ganerator with secondary coolant using at least
one auxiliary feedwater pump to remove core decay heat. Therefore,
failure of the auxiiiary feedwater system is a failure to supply at least
one steam generatcr with secondary coolant flow. (See associated P&IDs
and digraphs in 8.4 of Appendix B.)

The auxiliary feedwater system consists of three auxiliary feedwater
pumps, two electric motor-driven and one turbine-driven, feedwater
coolant supply and secondary cooiant delivery piping to the steam
generators. The feedwater coolant supply is from two sources: the
condensate storage tank or a piping bridge from Unit 1 that connects to
the 1.5-million gallon water storage tank and the Buchanan City Water
Sys%eu. The city water supply s considered an infinite supply of
coolant.

The two motor-driven Auxiliary Feedwater (AFW) pumps 31 and 33, are
powered by the 480 V buses 3A and 6A, respectively. AFW pump 31,
supplies secondary coclant to steam generators #31 and #32 through
individual pipes connected to the pump discharge header. AFW pump 33
feeds steam generators #33 and #34. A1l four of these steam generator
supply lines are equipped with pneumatically operated, manually
controlled AFW regulator valves (FCV406A,B,C,D). These valves require
instrument air to close and fail "as is". Therefore, loss of instrument
air will not result in their failure. Additionally, the ability to
reguiate feedwater to 1imit steam generator thermal loading and excessive
primary coolant system cooldown is needed. Therefore, all feedwater
regulator valves, both main and auxiliary, are supplied with a backup
nitrogen system.

The turbine-driven AFW pump, 32, supplies all four steam generators
through four lines connected to the pump's discharge header. Each line
is equipped with a pneumatically operated, manually controlled feedwater
valve (FCV405A,B,C,D). These valves also require instrument air to close.

The four auxiliary feedwater supply lines from the motor-driven pumps
combine with the lines from the turbine-driven pump before going to the
steam generators. These auxiliary feedwater supply 1ines join with the
main feedwater 1ines downsteam of the main feed and low-flow bypass
regulator valves and the steam generator inlet flow instrumentation.

Suction to the three AFW pumps is supplied by the condensate storage tank
(600,000 gal) or the Buchanan City Water System. The condensate storage
tank feeds a header that supplies the three pumps. The city water supply
also feeds a header. The suction lines from both headers combine before
entering each pump's intake. Each pump suction line from the city water
%eader is equipped with a pneumatically operated valve that fails in the
open position. The suction 1ine from the condensate storage tank and the
three lines from the associated header are equipped with manually
operated valves.
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The unit models for the AFW sumps consist of the AFW auto-start
circuitry, the 480 ¥ feed breakers for pump 31 and 33, and the steam
supply and control for pump 32.

The AFW auto-start circuitry receives signals from the AFW actuation
system, and the main boiler feed pumps and discharge valves and actuates
contacts in the 480 V feed breaker circuitry for pumps 31 and 33 and the
steam supply circuitry for pump 32. The auto-start circuit was modeled
such that it fails to start any of the three pumps.

For the AFW pumps 31 and 33, the auto-start circuitry fails to transmit
the signals from the actuation circuitry or the boiler feed pumps by not
closing the appropriate contacts in the 480 V feed breaker circuitry.

For the AFW pump 32, failure to transmit the actuation signal results in
failure of a solenoid to be de-energized and vent instrument air from the
AFW turbine inlet steam control valve, PCV1139. 1In addition, AFW pump 32
can be tripped by inadvertently energizing this same solenoid since
instrument air is needed to close the valve. Therefore, failure in
instrument air will not fail PCV1139,

The 480 V feed breaker circuitry controls the ac circuit breaker that
connects the pump motor to the ac buses. This circuitry has several
control switches and sets of contacts that actuate the breaker closing
and trip coils. The model of this circuit was developed such that the
switches or contacts would fail to actuate the closing (close the ac
breaker) or would actuate the trip coil (trip the breaker open).
Operator errors include either failure to turn on the pump or to
inadvertently trip it.

The AFW pump 32 turbine steam supply control system was not modeled
extensively. However, nodes for the local hand controller of valve
PCV1139 were included along with operator interaction. The steam supply
to the AFW turbine comes from the main steam system which was not
modeled. However, the inlet steam Tine contains two
pneumatically-operated temperature control valves (PCV1310A & B) that
close in the event they sense a high temperature in the AFW pump room or
the room just above, where the main steam lines leave the contaimment
building. These two valves were included in the model since they require
instrument air to open and will fail closed.

The AFW turbine has four drain lines on the turbine exhaust. If all four
lines become blocked, the turbine will trip.

The AFW pumps 31 and 33 are cooled by an internal cooling system that use
the pump suction as coolant. This internal cooling was not modeled. The
AFW pump 32 and turbine has a self-pumped external cooiing system that
was included in the model.
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2.3.5 Feedwater Actuation Logic Cigraphs
2.3.5.1 DOverview

The feedwater actuation logic consists of two systems: the main
feedwater isolation system and the auxiliary feedwater actuation system.
Both of these systems were designed using the same philosophy as the
Safety Injection Actuation System. That is, a normally energized ac
circuit containing an instrument, an amplifier, test points and a
bistable. The bistable de-energizes two ac relays in different trains (A
& B) for redundancy.

Each ac relay controls contacts arranged ‘n a logic matrix on a dc
circuit that de-energizes master relays. The master relays control
contacts that energize auxiliary relays. The auxiliary relays control
contacts on the specific equipment. (See associated Schematics and
Digraphs in B.5 of Appendix B.)

2.3.5.2 Main Feedwater Isolation

The main feedwater isolation system is part of the plant protective
system and trips the main boiler feed pumps by closing the boiler feed
pumps discharge valves. This isolation system also closes the main feed
regulator valves (FCV 417, 427, 437 and 447) and trips the main turbine.
The main feedwater isolation signals are:

1. high-high steam generator level (>70% of span) sensed by two
of three Tevel instruments on any steam generator,

2. low steam generator temperature coincident with a reactor trip
signal when the steam generator level control is in automatic,
and

3. a safety injection signal.

Success of the main feedwater system is continued operation. Therefore,
the model was developed for isolation of main boiler feed resulting from
failures in the isolation system. Additionally, successful transmission
of any signal that would isolate main feedwater was alsc modeled. Since
main feedwater isolation results from successful operation of the

fsolation system, this digraph is a model of how the system was designed
to succeed and modeled in success space with faults as initiators.

The model consists of two parts. The first part models the logic signal
through its transmission to isolation of the main feedwater (signal
model). This model is overlayed on the logic diagram (VEAC Dwg
#5651072). The diagram does not, however, represent the actual hardware
wiring of the many relays and contacts that make up this system. The
second part of this model represents the actual physical make up of this
system, trying to adhere to the representation of the signal model The
second part of the model also models the hardware as unit models of the
Togic gate nodes on the signal model. The model assumes that the steam
generator levels are being controlled by the automatic level control
system.
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2.3.5.3 Auxiliary Feedwater Actuation

The auxiliary feedwater actuation system closes the main ac circuit
breakers on the motor-drive AFW pumps and starts the turbine-driven AFW
pump. The two motor-driven AFW pumps will be automatically actuated
under any of the following conditions:
1) loss of voltage on the 480 V bus 3A (AFW pump 31) or bus 6A
(AFW pump 33) without a safety injection initiation signal (this
action is time delayed for 28 seconds until the diesel generators
load onto the 480 V buses),
2) very low level in any steam generator (< 15% span), sensed by
two of three level instruments,
3) trip of either main boiler feed pumps through the main boiler
feed pump turbines auto-stop oil pressure signals,
4) a safety injection signal.

The turbine-driven AFW pump will automatically start if either:
1) a very low level exists in any two of the four steam generators
(<15% of span), or
2) normal power to the 480 V buses 6A or 3A is lost (if a safety
injection signal does not exist).

This system was modeled for failure to detect or transmit the actuation
signal. For the two motor-driven AFW pumps, for condition 2 above, the
pumps first trip and are then brought back on line. This tripping was
included n the model. The turbine-driven AFW pump requires that its
remote trip pushbutton be in the reset position or it will not start.
This includes failure of the trip switch contacts to open and operator
error for tripping the turbine.

2.3.6. Electrical Power System Digraphs

2.3.6.1 Introduction

This section describes the electrical system models, including 6900, 480
and 118 V ac power and 129 V dc power. A fundamental assumption in the
modeling is that the reactor is operational at power and all components
are in their normal operational state prior to a postulated accident
sequence. In this state, all electrical buses are powered from their
normal supply, and all bus tie breakers are open.

Since the electrical system interacts with all of the other piant systems
modeled, extensive effort went into developing a large detailed model.
The system combinations involving loss of offsite power with unit trip
are especially interesting from the standpoint of systems interactions
with the electricalsystem, and the models are designed to capture these
interactions.

Several features of the model are important in understanding 1ts overal)
design. First, the primary model is known as a “block* model, meaning
than when a component fails the effect is to block the flow of electrical
power downstream. An example of such a failure is the inadvertent trip
of a normally closed bus feed breaker. A "break" model then overlays
portions of the block model. In the break mode’ a component fails via a
short circuit from 1tself to ground, thereby blocking the flow of
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electrical power downstream as in the block model. However, the failure
can also propagate upstream if the appropriate circuit breaker or fuse
fails to open. Another feature of the model is the extensive development
of electrical crossties, including automatically actuated crossties,
manual crossties, and available manual crossties which have no procedures
allowing their use. Finally, since the electrical system is organized
into trains with many similar components, extensive use was made of unit
models in constructing the digraphs. Node names on the unit model
digraphs will contain generic characters, to which an accompanying table
of specific characters is applied depending on the train of interest.

2.3.6.2 Block Model
2.3.6.2.1 Overview of Block Mode!

A block model was constructed for all portions of the electrical system
of interest to this study. A single digraph (Appendix B.6.1.A) overlays
the corresponding electrical drawing (9321-F-33853-1) and shows a
simplified logical representation of the main components in the system.
The purpose of this digraph is to present the basic hardware layout of
the electrical system, without the clutter of support systems, unit
models, and rigorous modeling of bidirectional flows.

The electrical system model includes 6300, 480, and 118 V ac power
supplies as well as 129 V dc power. The 6900 V power is normally
supplied from offsite power through the Station Auxiliary Transformer
(STAUXXFMR) to Bus 5 and Bus 6, and from the main generator through the
Unit Auxiliary Transformer (UAUXXFMR) to Buses 1, 2, 3, and 4. An
alternate supply of 6700 V power is available from the 13.8 KV substation
(13.85UB) which includes gas turbines #1 and #2. These three nodes
represent incoming 6900 V power on the digraph.

The six 6900 V buses are crosstied with four breakers (BKRUTISTS,
BKRUT2STS, BKRUT3ST6, BKRUT4ST6). The combination of these crosstie
capabilities and the use of three input power sources gives a large
variety of possible circuits to power each bus. The only restriction
placed on potential use of these circuits is an interlock preventing
simultaneous closure of BKRSTS with BKRGTS5, and BKRST6 with BKRGT6. In
digraph B.6.1.A, the 6900 V crosstie network model is simplified to
illustrate possible power flows without the emcumbrance of a myriad of
dummy nodes needed to rigorously model the bidirectional flows. FEach
6900 V bus, feed breaker, and tie breaker is fed by an AND gate whose
inputs represent each of the possible power sources. The bidirectional
edges from these components to the AND gates represent nower flow through
the components and into other components. For example, the STAUXXFMR
node suplies BKRSTS through an AND gate. From BKTSTS, power flows to BUS
5 through a 3-input AND gate.

From the 6900 V buses, power flows through the six station service
transformer feed breakers to the transformers, which supply 480 Y power
through feed breakers to the six 480 V buses. Simplified crossties are
again shown between BUS312 and BUS313, and BUS2 and BUS3. Crossties also
exist between buses 5A and 2A, and 3A and 6A; but since plant technical
specifications prohidit their use when the plant is above cold shutdown

.



conditions, only the breakers themselves (BKR2ATSA, BKR3IAT6A) are sh wn
on digraph B.6.1.A,

Three diesel generators (GENSDL33, 31, and 32) are modeled as redundant
power feeds through their output breakers to their respective 480 V buses
(BUS5A, 2A, and 6A). The 480 V buses then supply an assortment of motor
control centers (MCC) through individual MCC feed breakers, and also
supply Tighting bus 32 (L1BUS32) through a breaker (BKRLTBUS32) and
transformer ( LT32). The 480 V buses and MCCs power the plant
safeguards components. Modeling for these connections is contained in
the individual component unit models for each system.

Four trains of 129 V dc power supply the dc powerpanels (PWRPNL31, 33,
34, 32). Each powerpanel receives redundant power from its charger
through the charger output breaker and from its battery through the
battery output breaker or fuse. The chargers are supplied by MCCs
through charger input breakers. Although the chargers do provide
continuous charging to the batteries during normal operation, this
connection was not modeied since the battteries will last approximately 8
hrs without charging. Therefore, the batteries are treated like an
independent source of dc power in the mocel. DC powerpanel 31 supplies
dc distribution panels 31 and 33 (PNLDIS31, 33) through breakers, and
powerpanel 32 supplies distribution panels 32 and 34.

“ach dc powerpanel srovides the normal power supply to its associated 118
¥ instrument bus (IBUS31, 32, 33, 34) through a static inverter
(STATINV31, 32, 33, 34). Instrument buses 31, 32, and 33 have a backup
power supply through individual switches from 1ighting bus 32 (LTBUS32),
which is powered from bus 3A through a breaker and lighting transformer
32 (XFMRLT32). Instrument bus 34 has this same backup supply, plus
another backup from MCC36B through the Solatron transformer (XFMRSOLA)
and another switch. Therefore, a 3-input AND gate connects to IBUS34,

Note that digraph B.6.1A does not show unit models for the breakers and
the diesel generator support systems. The modeling of operator actions
and dc control power is contained in those unit modals to be described in
the next section. Also included there are the detailed models of the
electrical crossties.

Figure B.6.1.B overlays digraph B.6.1.A and shows how the digraphs in the
block model are organized. Groupings consist of: the 6900 V crosstie
(digraphs B.6.2.A - B.6.2.B, B.6.3.A - B.6.3.D); the 480 V crosstie
including diesel generator support systems (digraphs B.6.4.A-B.6.4.8,
B.6.5.A - B.6.5.E, B.6.6.A - B.6.6.G); motor control centers (B.6.8 -
B.6.9); dc system (digraphs B.6.10, B.6.23 - B.6.24); and 118 V ac system
(digraphs B.6.25 - B.6.26). Associated with each component in digraph
B.6.1.A is a letter designating the location of that component according
to the key provided.

2.3.6.2.2. 6900 V Crosstie Model

The block model for the 6900 V crosstie consists of two complex unit
model digraphs, digraph B.6.2.A for buses 1-4, and digraph B.6.2.8 for
buses 5-6. In each of these modeis, the terminal mode is labeled
DUMBUS*, where * refers to the bus of interest. This node represents
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power rouing from the bus to the station service transformer. Many
other “dummy” nodes appear on the digraphs beginninig with DUM...,
representing power flows through the crosstie in various directions from
each possible source.

Let us examine digraph B.6.2.A for bus 1 in detail, using the key, * = 1,
$=2,7=4, +=3 $=5 and / = 6. Node DUMBUS], the output of

bus 1, fails if the bus itself fails (BUS1), or if all power into bus 1
fails (DUM691 and DUMCT12B). Node DUMCTI2B represents power from bus 2
to bus 1 tnrough tie breakers UTISTS and UT2STS. This path fails if
either tie breaker fails open, or if bus 2 fails, or if the power supply
to bus 2 fails (UAUXXFMR and DUM2Z34). Node UAUXXFMR represents the
power source form the unit aux transformer. Node DUM7~ 4 represents
power to bus 2 from bus 3 (DUM123) and to bus 2 from bus 4 (DUM124), both
through breaker UT2. Node DUM123 fails if breaker UT3 fails open, or if
bus 3 fails, or if bus 3 fails tw receive power (DUM36). Similarly, node
DUM124 fails if breaker UT4 fails open, if bus 4 fails, or if bus 4 fails
to receive power (DUM46). Node DUM36 represents the power supply to bus
3 from bus 6 through breaker UT3ST6. It fails if the breaker fails open,
if bus 6 fails, or if bus 6 fails to receive power (DUMG6FEED).

Similarly, node DUM46 represents the power supply to bus 4 from bus 6
through breaker UT4ST6. Refer to digraph B.6.2.B for the development of
node DUMGFEED. It fails if its two power sources fail (DUM138KV6 and
DUMGT6). Node DUM138KV6 represents power to bus 6 from the station aux
transformer through b-eaker ST6 (the normal feed). Node DUMGT6
represents power to bus 6 from the 13.8 kV substation through breaker GT6
(a backup source). Now this crosstie from bus 2 to bus 1 has been fully
developed back to all three possible sources.

Following the top branch of the AND gate for power feed to bus 1, node
DUM631 represents all other possible power feeds and fails if DUMUT] and
DUMCTTS fail. Node DUMCTIS represents power from bus 5 to bus 1 through
breaker UTISTS. This path fails 1f the breaker fails open, bus 5 fails,
or if bus 5 fails to receive power (node DUMSPWR). Refer to digraph
B.6.2.B for the development of node DUMSPWR.

Node DUMSPWR fails if bus 5 fails to receive power through breaker STS
(node DUMSTSPWR) and if bus 5 fails to receive power through breaker GTS
(node DUMGTSPWR). Node DUMSTSPWR fails if the power feed from the
station aux transformer fails (normal supply) and crosstie power feed
from bus 6 through breaker ST6 fails (node DUMCT56S). Node DUMGTSPWR
fails if the power feed from the 13.8 kY substation fails and crosstie
power feed from bus 6 thrcugh breaker GT6 fails (node DUMCT56G). Both
nodes DUMCTS56S and DUMCTS6G fail if bus 6 fails, their respective bus 6
feed breakers fail open, or if bus 6 fails to receive power. Since
breakers ST6 and GT6 may not be closed simultaneously, then in this case
bus 6 fails to receive power if the crosstie from bus 3 through breaker
UT3ST6 fails (DUMCTS63) and if the crosstie from bus 4 through breaker
UT4ST6 fails (DUMCTS564). Both of these crossties fail if their
respective buses or tie breakers fail, or if the source power feed from
the unit aux transformer fails.

Refer back to node DUMUT] on digraph B.6.2.A, which represents power feed
to bus 1 through breaker UT1. This fails if the crosstie from bus 4 to
bus 1 through breaker UT4 (DUMCT14) fails, and 1f the crosstie from bus 3
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to bus 1 through breaker UT3 (DUMCT13) fails, and if the crosstie from
bus 2 to bus 1 through breaker UT2 (DUMCTI2T) fails, and if the normal
feed from the unit aux transformer fails.

Developing these crossties, noce DUMCTI4 fails if bus 4 or breaker UT4
fail, or if bus 4 fails to receive power from bus 6 (DUM46) through
breaker UT4ST6. Similarly, node DUMCT13 fails if bus 3 or breaker UT3
fail, or if bus 3 fails to receive power from bus 6 (DUM36) through
breaker UT33T6. Both DUM46 and DUM36 fail if bus 6 or their respective
tie breakers fail, or if bus 6 fails to receive power from the station
aux transformer and 13.8 kV substation (node DUM6FEED which was developed
earlier). Finally DUMCTI2T fails if bus 2 or breaker UT2 fail, or if bus
2 fails to receive power from bus 5 (DUMSFEED). Node DUMSFEED fails if
the power feed from the station aux transformer through breaker ST5
fails, and if the power feed from the 13.8 kv substation through breaker
GTS fails (digraph B.€.2.B).

Now we have shown the detailed model for power feed to bus 1 directly
from the unit aux transformer, with alternate paths from bus 5, bus 3,
bus 4, bus 6, and two paths from bus 2, and two alternate power sources
(station aux transformer and 12.8 kV substation).

Let us now examine digraph B.6.2.B, using bus 5 as an example. Power
supply to bus 5 fails if crosstie power from bus 2 through breaker UT2STS
fails (DUM52), and if crosstie power from bus 1 through breaker UTISTS
fails (DUM51), and if the power feeds through breakers ST5 and GT5 both
fail (DUMSPWR). Node DUMSPWR was developed earlier. Node DUMS52 fails if
bus 2 fails, or if breaker UT2STS fails open, or if breaker UT2 fails
open, or if bus 2 fails to receive power (node DUMCTAS). Similarly, node
DUM51 fzils on the same respective situations, and has the same power
feed as DUM52 in this case. Node DUMCTAS fails if its direct power feed
from the unit aux transformer fails, and if crosstie power from bus 3
(DUMSZ3) and bus 4 (DUM5Z4) fail. Each of these crossties fail if their
respective bus or feed breaker fails, or if the power feeds from the
:ta;ion aux transformer and the 13.8 kV substation (DUMGFEED) to bus 6
ail.

2.6.2.3 Main Generator/Unit Aux Transformer Trip

The detailed model of the 6900 V crosstie network described above
contains three power sources, the station aux and unit aux transformers
and the backup supply from the 13.8 kV substation. However, all system
combinations require a main generator (and unit aux transformer) trip
soon after accident initiation. Therefore, the 6900 V crosstie mode] was
revised in order to remove the unit aux transformer as a power source.

To this extent, the model no longer represents the plant in its normal
state.

In order to remove t'e effects of the unit aux transformer while still

leaving it in the digraph, the following changes were made. Every place

node UAUXXFMR enters digraphs B.6.2.A and B.6.2.B, the entry is into one

side of an AND gate. Then for each of these gates, the other input is

directly connected to the gate output, effectively “shorting out" the

??UXXFMR node. These connections are shown on the digraphs as dashed
nes.
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2.3.6.2.4 Unit Models for 6900 V Breakers

The circuit breakers modeled in the 6900 V system can be divided into
three groups depending on their function. These groups are: normal bus
feed or station service transformer feed breakers (STS, ST6, UTY, UTZ2,
UT3, UT4, SS2, SS3, SS5, SS6, SS312, $S313); bus tie breakers (UT1STS,
UT2STS, UT3ST6,. UT4ST6); alternate bus feed breakers (GTS, GT6). A unit
model digrapy for each breaker group is described next.

The unit models for breakers normally feeding the 6900 V buses and
station service transformers are shown in digraphs B.6.3.A, B.6.3.8, and
B.6.5.A. These breakers are normally closed and fail in the block mode
by opening inadvertently. This will occur if the lockout relay causes a
spurious trip (R86...), if the operator errors by opening the breaker
from the control room (OPWD...), or if the operator errors by opening the
breaker locally (OPWA...).

The unit model for the bus tie breakers is shown in digraph B.6.3.C.
These breakers are normally open and the block model depicts failure to
close. This will occur if the automatic closing device fails (AXFR...),
and if the operator fails to close them (OPRD...) via the switch in the
control room (SW...), and if the operator also fails to close them
Tocally. Both the switch and the automatic closing device require dc
power (PWRPNL...) to operate, and an operator could err (OPWADC...) by
removing the dc power feed at the breaker. The automatic closing device
was not modeled in any greater detail.

The unit model for the alternate bus feed breakers is shown in digraph
B.6.3.0. These breakers are normally open, so failure to close is
modeled. This happens if the operator (OPRDGT...) fails to use the
switch (SWGT...) in the control room, and if the operator fails to close
the breakers locally. The switch will not function if dc power fails or
if the operator removes the dc power feed. It will also fail if any of
three interlocks fail. The interlocks require the associated normal feed
breaker to be open (ITLST...), an undervoltage condition on the bus
(ITLUV'BUS...), and the sync switch to be on (ITLSYCGT...). This latter
interlock will fail if the switch itself fails (SWSYCGT...) or if the
operator fails to turn 1t on (OPRDSWSYCGT...).

2.3.6.2.5 480 V Crosstie Model

The 480 V crosstie model consists of 4 trains of power from 6900 Y buses
5, 2, 3, and 6 to 480 V buses 5A, 2A, 3A, and 6A. Each train in digraph
B.6.4.A begins with the power output node of the associated 6900 Y bus,
DUMBUS*, goes through the station service transformer feed breaker
(BKRSS*), the station service transformer (XFMRSS*), and the 480 V bus
normal feed breaker. Diesel generators supply three of the 480 V buses
through the generator output breakers. The other components in the model
are the three 480 V bus tie breakers, between buses 5A and 2A (BKR2ATSA),
I(’;‘t:;:? 6:|):ses 2A and 3A (BKR2AT3A), and between buses 3A and 6A

The complex series of AND gates between the power sources for each train
and the 480 V bus output node (DUMBUS*A) were constructed to mode] all
possible crosstie power flows. In this model, a bus output will fail if
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the bus itself fails, or if all power into the bus fails. Power into the
bus fails if normal power fails, backup power fails (except bus 3A), and
all crosstie power fails. Crosstie power fails if the supplying bus
fails, or if all power supplies to that bus (normal, backup, and other
crossties) fail, or if the appropriate crosstie breaker fails to close.

For example, consider node DUMBUSSA in digraph B.6.4.A. This node fails
if BUS5A fails, or if DUMAND! and DUM2 fail. Node DUMAND! represents
normal power (BKRSA) and backup power (DUMDG33). Node DUM2 represents
crosstie power from 2A, and fails if the tie breaker is open (BKR2ATSA),
or if bus 2A fails, or if the normal and backup feeds for bus 2A fail
(DUMAND2) and crosstie power to bus 2A from bus 3A fails (DUM4).
Similarly, DUM6 represents crosstie power from bus 6A to bus 3A, DUMS
from bus 3A to 6A, DUM3 from 24 to 3A, and DUM] from S5A to 2A.

The preceeding description of the 480 V crosstie model assumes that al)
three crossties can be used, giving each 480 V bus a choice of four 6900
V buses and three diesel generators to supply its power. However, plant
technical specifications ?Ref. SOP-EL-5 Rev. 5, Operation of On Site
Power Sources, dated 5/27/83] prohibit breakers 2ATS5A and 3AT6A from
being closed when the plant is above cold shutdown conditions. A simple
modification to the model disables these two crossties. This
modification can be seen as the dashed 1ine connections in digraph
B.6.4.A. A connection was made from the allowable power sources to each
bus outlet, eliminating the effects of nodes DUM1, DUM2, DUMS, and DUMS.

The modifications made to the 480 v electrical system to comply with
“Appendix R" requirements are modeled in digraph B.6.4.8. These
modifications include the addition of two trains, one cach from 6900 V
buses 1 and 3, through station service transformers to 480 V buses 312
and 313. Bus 313 then feeds MCC312A through a breaker. A simple
crosstie was also modeled between buses 312 and 313,

2.3.6.2.6 Unit Models for 480 V Breakers

The breakers serving the 480 v crosstie can be divided into four
functional groups. These are: normal bus feed breakers (5A, 2A, 3A, 6A,
312, 313); manual tie breakers (2ATSA, 3AT6A, 312T313); automatic tie
breaker (2AT3A); and diesel generator output breakers (EG3, EG1, EG2).
Following 1s a description of the unit model for each group.

The bus feed breakers are normally closed and fail by inadvertent npening
in the block model. As seen in digraph B.6.5.8, failure occurs on a
spurfous overcurrent detection (OIBUS#A) or on a spurious undervoltage
detection (UVBUS#A), or by the operator opening the breaker locally
(OPWABKR#A), or via switches in the control room (OPWDSWCRBKR#A) or
diesel building (OPWDSWDBBKR#A).

The manual tie breakers are modeled in digraph B.6.5.C. These breakers
are normally open and failure to close is modeled. However, since
breakers 2ATS5A and 3AT6A are not used, this unit model does not normally
apply. Also, no information was available on breaker 3127313
Therefore, it was assumed that this model applies. Nevertheless, should
any of the breakers be used, they will fail to close if the operator
fails to close them locally (OPRABKR#ATSA) and remote closure fails
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(DUMBKR#ATSA). Remote closure fails 1f the switch fails (SWBKR#ATSA),
its dc power supply fails (PWRPNL*), or if the operator fails to use the
switch (OPRDBKR#ATS$A), or if any of four interlocks fail. An interlock

will fail if a spurious bus fault is detected (ITLBFBUS...), or if an
undervoltage relay does not detect the undervoltage condition
:II%UV‘BUS...). The undervoltage relay fails if its dc power supply
ails.

Automatic tie breaker 2AT3A (digraph B.6.5.D) is normally open and fails
to close and remain closed in the block model. This occurs if the
automatic closing device fails (AXFRBKR2AT3A), remote closing fails
(DUMBKR2AT3A), and local closing fails (OPRABKR2AT3A). The automatic
closing device fails if any of six interlocks fail. An interlock fails
if a spurious bus fault on bus 3A or 5A is detected (ITLBFBUS3A,
ITLBFBUS5A), if the undervoltage relay fails to detect an undervol tage
condition on bus 3A (ITLUV'BUS3A), if breaker 3A is not detected to be
open (ITLBKR3A), if breaker EG] is not detected to be closed, or if
breaker 3AT6A is not detected to be open. The undervoltage and breaker
EG1 interlocks fail if the dc power supply fails (PWRPNL33).

Remote closing of the breaker fails if the operator fails to use the
switch in the control room (SWCRBKR2AT3A) and in the diesel building
(SWDBBKRZAT3A). Both switches fail on loss of dc power. Remote closing
also fails on any of four interlocks. A spurious bus fault detection on
buses 2A or 3A fails the interlocks, as does failure of the undervoltage
relay to detect an undervoltage on buses 2A or 3A.

A similar model was developed for the diesel generator output breakers
(digraph B.6.5.E), which are also normally open and fail to close and
remain closed in the block model. The basic failure modes are the same
as breaker 2AT3A, but the interlocks are different. Automatic closure
fails on any of six interlocks: failure to detect normal voltage on the
diesel generator (ITLVDG3#), detection of a spurfous fault on the diesel
generator (ITLFDG3#); failure to detect an undervoltage on the bus;
detection of a spurious fault on the bus; failure to detect the bus feed
breaker being open (ITLBKR*A); and failure to detect the manual tie
breaker being open (ITLBKRS$). The first four interlocks also fail remote
manual closure of the breakers. Failure of dc power fails the first
three interlocks.

2.3.6.2.7 Diesel Generator Support Systems

Each diesel generator depends on a set of support systems for successful
starting and continued operations (digraph B.6.6.C). The support systems
are primarily dedicated to each diesel, but some commonalities do exist.
The systems needed for starting are: diesel en?ine starting air system
(digraph B.6.6.A) and its support system, diesel generator start signal
(digraph B.6.6.E); and the diesel generator exciter (digraph B.6.6.F).
The station service water hookup to the diesel engine cooling system
(digraph B.6.6.G) is needed for continued operation, and the diesel
engine fuel ofl transfer system (digraph B 6.6.D) is needed for both
:t?;ting and operation. Modeling descriptions for each support system
ollow.



Starting Air Systam

Each diesel generator has its own starting air system (STAIRS), but the
air supplies can be crosstied. The air system fails to start the engine
if both start motors (STMOT1S, STMOT2$) fail. Each start motor has an
independent train back to the common air receiver. A start motor fails
if its solenoid operated valve fails to open (VSOL...). This happens if
the automatic start signal fails (STSIG...) and the operator (OPRAPB...)
fails to use the local manual pushbutton (MPB...). It is assumed the
solenoid valve fails to pass flow if the pressure reducin? valve fails
closed (VPR...). Flow to the pressure reducing valve fails if the
receiver exit valve (VRCVR...) fails closed. The air supply to the exit
valves fails if the receiver itself fails (RCVRS)) or if flow into the
receiver fails. The receiver fails if it is not charged by its
compressor (CMPSR$) and by the crosstie with the other two receivers
(DIMAIR+). The compressor is powered by a motor control center.
However, since the receiver is assumed to be charged fnitially, failure
of the compressor will not fail the receiver until it is discharged.
Therefore, a time transition node is placed between the compressor and
the AND gate to the receiver (TTRCVRS). This node indicates that the
failure is propagated only after a significant time delay. In addition,
the connection from node CMPSR$ to TTRCVRS is shown as dashed in digraph
B.6.6.A because it is not included in the adjacency computer input in
order to reduce problems with conditioned cycles (Section 2.3.6.3).

Crosstie flow into the receiver fails if an operator fails to open the
equalizing valve (VEQLS) or if air is not available from both of the
othe~ receives (DUMAIR+-, DUMAIR+*). An alternate pathway from another
receiver fails if that receiver fails, if its equalizing valve fails, or
if the receiver is not charged by its compressor.

Diesel Start Signal

The diesel start signal logic supports the starting air system. The
start signal to one of two start motors in a diese engine fails if both
the automatic (DUMSTAUTO+$) and manual (DUMSTMAN+$) signals fail. The
automatic signal fails if the start switch (STSWDG+$) is not in the
“auto” position, or 1f an undervoltage condition on the 480 V bus is not
detected and the appropriate contacts from the Safety Injection Actuation
System (RSISIG'Z+$) fail to generate a SI signal. The manually-activated
start signal fails 1f the start switch is not in the “manual® position,
or if the operator fails to push the start button (MPBDG+$). Loss of dc
power supply to the start switch fails both the manual and automatic
starting signal.

Diesel Generator Exciter

The diese’ generator exciter was not explicitly modeled, with the
exception of the connection from dc power. This connection 1s important,
since Tois of dc power fails the exciter which fails the diesel generator
by preventing it from starting. Once started, however, the exciter no
longer requires dc power.
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Statfon Service Water Cooling

Once started, the diesel engines require immediate cooling from the
station service water system. Diesel cooling fails (STSVW$) if either
the jacket heat exchanger (JKTHX$) or oil1 coolers (OILCLRS) fail. These
nodes are not modeled in detail, but are treated as boundary nodes which
connect to the service water system. Failures in that system will
propagate through to the diesels through these nodes.

Diese. Fuel 011 Transfer System

Each diesel engine has its own fuel oil transfer system, although all
three systems are normally crosstied. Fuel ofl supply to a diesel
(OILXFRS) fails if the secondary duplex filter fails (FLTRBS), if the
booster pump fails (PBSTRS), if the primary duplex filter fails (FLTRAS),
or if the day tank exit valve fails to pass flow (VOF184). This will
happen if that normally open valve is erroneously closed by an operator
(OPWADF18#) or if the day tank fails to provide flow (TKD§). Since the
day tank is assumed to be full initially, a time transition node (TTTKDS)
connects to it indicating that loss of fuel supply to the day tank fails
flow from the tank only after the time interval needed for the tank to
empty (approximately 1.4 hr). Therefore, for diesel engine starting and
short term operation, the fuel supply to the day tank is not needed and
any singleton or doubleton results which include nodes upstream of TTTKD$
can be disregarded. However, for accident sequences requi ring longer
term operation of the diesels, that supply is necessary.

The day tank fails to receive flow if all four valves feeding it fail to
pass flow (LCV+A, VDF174A, LCV+B, VDF17#8). Valves LCV+A and LCV+B are
normally open and fail {f operators erroneously close them or if the
automatic closing device fails. Valves VOF17#A and VD17#8 are normally
closed and fail to pass flow 1f the operator fails to open them. Valves
LCV+A and VDF17#A both connect to the normal fill line and fail to
receive flow if the three normally ciosed valves to the line from each
fuel train (VDFBA, VDF8B, VDFBC) fail to be opened by an operator.
Valves LCV+8 and VDF17#8 bot) connect to the emergency fill line and fail
to receive flow if the three normally open valves to the line from each
fuel train (VDF9A, VDF9B, VDFIC) are erroneously closed by an operator.
Note that the normal fi11 line acts as a backup to the emergency fill
1ine in the system.

Flow to both fill Tine valves for a particular train fails if check valve
VOF15¢# fails. Flow to this valve fails 1f check valve YOF15¢ fails.

Flow to this valve fails if check valve VOF3# fails and alternate supply
valve VDF20 fails (on train 33 only). The normally closed alternate
supply valva fails to pass flow if an operator fails to open the valve,
or if the diesel fuel truck fails to deliver fuel (TRUCK).

Valve VDF3# fails to receive flow if the transfer pump fails (PXFRS).
The transfer pump fails to supply fuel 1f its power supply fails
(MCC36*), if its start signal fails, or if the fuel of) storage tank
fails (FTK§). The transfer pump fails tc start if the automatic start
switch (STPXFRS) fails or 1f the Tow level detector fails, and {f the
operator fails to manually start the pump (OPRAPXFS).
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Since the underground fuel tanks are assumed to be full fnitially, they
will have sufficient fuel for the duration of the accident sequences
modeled (approx. 72 hr). Therefore, failure to fill the tanks is not
included in the adjacency input, but is shown as a dashed connection on
digraph B.6.6.D. Node TTFTK$ represents the time needed for the tank to
empty. Once empty, the tank fails to receive fue! if its normally open
inlet valve (VDF2#) fails or if an operator erroneously closes it. The
inlet valves for all three tanks fail to receive fuel if valve VDF1 fails
or if the operator fails to open it. Finally, valve VDF1 fails to pass
fuel if the diesel fuel truck fails to deliver it.

2.3.6.2.8 480 V Motor Control Centers

The motor control centers supply 480 V power to various pumps, valves,
and battery chargers, and other equipment throughout the plant. The MCCs
are directly connected to the 480 V buses through MCC feed breakers
(digraph B.6.8.A). Bus 5A supplies MCCs 36A,38, and 39; bus 6A supplies
MCCs 36B and 37; bus 2A supplies MCCs 31, 33, 34, 36C, and 310; and bus
3A supplies MCCs 32 and 35. Connections from the MCCs to power the
various plant components outside of the electrical system are made in the
individual unit models for the system of interest.

There are two basic types of unit models for the MCC feed breakers
(digraph B.6.9.A), depending upon their function during an accident. Al
MCC feed breakers are normally closed and fail by opening inadvertently.
Breakers 36A, 36B, and 36C power the safeguards equipment and their loads
are not stripped off on a safety injection signal. In fact, the SI
signal closes them, should they be inadvertently opened. In the model,
these breakers fail if the overcurrent device inadvertently opens them
(OIBKRMCC#), or if the operator erroneously opens them either locally or
from the control room after the accident has started. They also fail {f
they have been opened before the accident (STATUSMCC#), and the operator
fails to close them either locally or from the control room, and the SI
sfgnal fails to close them automatically (RSISIG'Z).

The other breakers are tripped on SI signal and/or supply bus
undervoltage. These breakers fail open if the overcurrent or
undervoltage devices inadvertently open them, or if a spurious SI signal
(RSISIGZ) fnadvertently opens them (except for MCC34 and 39).

2.3.6.2.9 129 V dc System

There are four trains of dc power, each getting its normal supply through
a battery charger from a different 480 v bus, and its backup supply from
a dedicated battery. The dc power is distributed to components
throughout the electrical system and the rest of the plant from
distribution panels 31, 32, 33, 34 (PNLDIS...) and power panels 31, 32,
33, 34 (PWRPNL...). 1In digraph B.6.10.A, each distribution panel fails
if the normally closed breaker from the power panel fails open, or if the
power panel fails. The power panel fails if normal and backup power from
its own train fafls (DUMANDDC...) and crosstie power from the other train
fails (DUMDC...). Normal power fails if the charger fails, 1f the
charger input breaker fails open, or if the motor control center fails to
Supply power to the train. In addition, a spurious undervoltage signal
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trips the charger input breaker, and erroneou: operator action can open
the input and output breakers.

Backup power to the power panels fails if the battery output fuse
(FUSEPNL#) or breaker (train 34 only) fails open, or if the battery
fails, or if the battery is discharged after a period of use
(TTBATTERY#). The battery is assumed to be charged initially, therefore,
a time transition node indicates the latent failure. A dashed connection
fs shown from the charger output breaker to node TTBATTERY#, representing
the continuous charging function of the charger. This connection is not
included in the adjacency input, since we wish to treat the battery as an
independent source of dc power in the model.

Although the crosstie between trains 31 and 32 1s modeled in digraph
B.6.10.A, the tie breaker is administratively controlled to allow closure
only during cold shutdown conditions [Ref. System Description 27.1 Page
78]. Therefore, the dashed line connections from DUMANDDC1 to PWRPNL3]
and from DUMANDDC3 to PURPNL32 were added to the adjacency input to
eliminate the effects of the crosstie in the model.

OC power trains 33 and 34 are modeled in digraph B.6.10.B. These trains
do not power distribution panels, and there is no crosstie between
trains. With these exceptions, this model is the same as the one for
trains 31 and 32.

2.3.6.2.10 118 V ac_System

There are four trains of 118 V ac power, one from each dc power panel
through a static inverter to an instrument bus. For trains 31, 32, and
33 (digraph B.6.11.A), an instrument bus fails (IBUSS) if its norma)
supply and backup supply fails. The normal supply fails 1f the static
invercer (STATINVS) or the dc power panel fails. The backup supply fails
if an operator fafls (OPRSWIBS) to switch over to the backup supply, if
the switch itself fails (SWIBUSS), if 1ighting bus 32 fails (LTBUS32), if
Tighting transformer 32 fails (XFMRLT32), if the transformer feed breaker
fails open (BKRLTBUS32), or if the 480 V power supply fails (DUMBUS3A).
From digraph B.6.7.A, the feed breaker will also fail 1f load stripping
relay R3-33A trips it spuriously, if a spurious undervoltage is detected
on bus 3A, or if a spurious SI signal is detected. The back up supply is
also assumed to fail, due to overloading 1ighting bus 32, if an operator
attempts to use it to power more than one instrument bus at any time.
This action is represented by node OPWLTBUS.

Instrument bus 34 (digraph B.6.11.8) has the same model for normal and
backup power, but has a secondary backup system as well. The secondary
backup fails if the operator fails to switch over to it (OPRASWXFR), if
the switch itself fails (SWXFRIBUS34), if the Solatron transformer fails
(XFMRSOLA), 1f the breaker supplying 1t fails open, or {f the power
supply from MCC36B fails.

2.3.6.2.11 Node Locations

The electrical system component lTocations were determined on a physical
inspection of the plant and through use of arrangement drawings for
components fn high radfation areas. The major effort in the location
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analysis was to define common locations for groups of components. A
Tocation node ‘s then connected to every major component in the
electrical system (digraph B.6.12). Failure of a location node then
fails all components in that location. Initiating events to these
location failures were not specified however, since the intent of this
analysis is to show the sensitivity of locations to some catastrophic
event in general.

Electrical locations are designated by letters from A through S. Where
other system components appear in electrical locations, the same location
node will be used in that system's location digraph. Following is a list
of locations and the components in each.



LOCATION
A

€1, E2, €3

= ovwvo Er-x Co v

L %)

TABLE 2-9

ELECTRICAL LOCATION DESIGNATIONS

Outside, Next to Primary Auxiliary

Building
Outside (different from A).

Turbine Building, 15 ft. elev.,
6900 V Switchgear Area

Control Building, 15 ft elev.

Turbine Building, 15 ft elev..
Different Locations

Containment Building, 68 ft. elev.

Primary Auxiliary Building,
55 ft. elev.

Outside, Near Intake Structure
Unit 1 Superheater Building

Diesel Generator 33 Room
Diesel Generator 32 Room
Diesel Generator 31 Room

Battery 31 Room
Battery 34 Room
Battery 32 Room

Control Bu,lding, 33 ft elev.
Cable Spreading Area

Control Room

COMPONENTS

Station Aux and
Unit Aux
Transformers

13.8 kV Substation

6900 V Buses, &
Breakers, Station
Service
Transformers,
Appendix “R"
modifications,
MCC34.

480 V Buses and
Breakers; Charger
33, Power Panel 33,
MCC36C.

MCC32, 33, 35

MCC38

MCC36A, 368, 37
Lighting Transformer
and Bus 32

MCC3
MCC310

0.6. 33
D.G. 32
D.G. 31, Battery 33

Battery 31
Battery 34
Battery 32

Charger 31, 32, 34;
Static Inverter
31-34; Power Pane)
3, 32, 4;

Solatron Transformer;
MCC39

Instrument Buses
and dc Distribution
Panels



2.3.6.3 Break Mode!

The electrical break mode! was developed as an addition to the block
model to account for failures such as short circuits within components,
and breakers or fuses failing to open. The break mode] not only treats
failure to conduct power downstream through the electrical model, but
also treats the propagation of a short circuit failure upstream and even
across one train to another train via tie breakers or common Jower
sources. Each component node from the block mode! will have a
corresponding break model node designated by the suffix “/* which
represents a short to ground within that component. This short circuit
break node is directly connected to its corrresponding block model node.
Then a short in the component fails that node in the block model. The
short will also propagate both upstream and downstream through AND gates
to the neighboring components. The other half of each AND gate
represents a circuit breaker or fuse failing to trip. This node is
designated by the suffix “:“. Then for a short in one component to cause
a short in the next component, the breaker between them must fail to
trip. In general, each short circuit node in the break model is
connected bidirectionally to adjacent short circuit components, with each
connection passing through an AND gate with the failure of a short
circuit mitigating device (breaker fails to trip).

Due to resource limitations, only the most important parts of the
electrical system were included in the break model. Comprising the break
mode]l are the feeds from the 6900 V buses and diesel generators to the
480 V buses, then down through some of the motor control centers to the
dc system. Unit models for the 480 Y breakers are also included.

2.3.6.3.1 Feeds to 480 V Buses and Crossties

Digraph B.6.13.A shows short circuit failures for the 480 V buses. A 480
V bus shorts (BUS#A/) if another break failure propagates through the
normal power feed train or through the diesel generator feed. ree
breakers will mitigate potential shorts, and at least one of these must
also fail to trip (BKR#A:, BKRSS#:, BKREG*:) to propagate the failure.

Short circuits can also propagate through crossties from one train to
another. For the manual 480 V crossties (digraph B.6.13.8), a short on
one bus (BUS#A/ or BUSSA/) or tie breaker (BKR#ATSA/) propagates to the
adjacent bus if the tie breaker has been erroneousiy closed by an
operator (OPWBKR*ATZA) and the tie breaker fails to trip (BKR#ATSA:).
For automatic crosstie breaker 2AT3A, the operator error does not apply.

2.3.6.3.2 Circuit Breaker Unit Models

A unit model of failure to trip was developed for each breaker used in
the break model. For the station service transformer feed breakers
(digraph B.6.13.C), failure to trip occurs 1f the operator fafls to trip
the breaker locally (OPRABKRSS#) and remotely (OPRDSWBKRSS#) with the
switch (SWBKRSS#), and the 86 devics for automatic breaker trip fails
(RB6SS#:). Both the switch and 86 device fail on loss of dc power.

The 480 V bus feed breakers fail to trip (digraph B.6.13.D) if the
operator fails to trip the breaker Tocally and remotely from the diesel
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building switch and control room switch, and the undervo'tage and
overcurrent relays fail to trip. A1l of these except for manual local
trip fail on loss of dc power.

The same operator failures apply to the diese! generator supply breakers
failure to trip (digraph B.6.13.E). Besides these errors, failure won't
occur unless the overcurrent and bus fault relays also fail., However,
all the trips except manual local require dc power.

The 480 V manual crosstie breakers fail to trip (digraph B.6.13.F) if the
operator erroneously closed them, and the operator fails to trip them
Tocally and through the control room switch, and the safety injection
signal fails to trip them through both contact sets, and the overcurrent
trip fails. The overcurrent trip and remote switch both fail on loss of
dc power,

The model for the 480 V automatic crosstie breaker failure to trip
(digraph B.6.13.G) is the same as the bus feed breaker unit model, except
that the tie breaker does not trip on bus undervol tage.

2.3.6.3.3 DC Power System

The break model digraph for the dc supply to the power panels (digraph
B.6.13.H) shows tha: shorts can propagate through the power panels either
from the charger feed or from the battery feed. There are four break
mitigators included in the model, the charger input and output breakers,
the MCC feed breaker, and the battery output fuse. Note that since the
battery receives constant charging through the charger output breaker,
shorts can propagate between che battery and the charger. It was also
assumed that shorts could not propagate upstream from the charger to the
input breaker.

The break model continues in digraph B.6.13.1 with feeds from the power
panels to the distribution panels. The distribution panel feed breakers
mitigate shorts between panels.

Also included in the dc system break model is the manual crosstie between
power panels 31 and 32 (digraph B.6.13.J). Shorts propa?ate between
power panels if an operator has erroneously closed the tie breaker
(OPWDBKR31732:) and the breaker fails to trip. The breaker will fail to
trip if the overcurrent trip fails and the operator fails to trip it.

2.3.6.4 Electrical System Interactions

The electrical system model interacts with all of the other systems
modeled, besides feeding back into itself from one subsystem to another.
The interactions from electrical to other systems consist of varfous
power feeds from the 6900 and 480 V buses and motor control centers to
equipment, from the instrument buses to power plant sensors, and from the
dc power panels and distribution panels to control component actuation
and relay logic.

Interactions from other systems to electrical are 1imited to the service
water system and safety injection actuation system, Service water is
needed to cool the diesel engines, and loss of service water quickly
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causes loss of the diesel generators. During an accident condition with
Toss of all offsite power, loss of service water then causes loss of all
ac power and plant safeguards equipment will not function. This
interaction appears as an important result in some of the system
combinations studied.

The safety injection actuation system interacts with the electrical
system by operating logic or interlocking relays, which open or close
breakers and contro! diesel generator automatic starting. Failures in
the SI actuation system can prevent the electrical system from
automatically responding praperly to an accident. However, all of these
functions can be performed by an operator as backup to the automatic
system,

There are two interesting types of interactions within the electrical
system, both involving the construction of conditioned cycles within the
models. The three fuel oil transfer pumps which supply diesel fuel to
the day tanks for each diesel generator are powc red from motor control
centers. These motor control centers are powered from the 480 V buses,
which under accident conditions, are powered by the diesel generators.
This type of cycle presents no particular problem for the DMA codes to
solve, since the pumps do not need to be running until well after the
diesel generaturs are started.

More pervasiv: cycles are created through the inclusion of dc power
feeding back into the electrical system. DC power is required for the
remote operatiion of all 6900 and 480 ¥ breakers, both through operator
acutated switches and through automatic relay actuation. These dc power
connections are included in the unit models for the various breakers.
Loss of dc power renders most breakers inoperable, except via manual
control locally. Again, these cycles in the digraph models are easily
handled by the DMA codes.

The only problem invol ving conditioned cycles in the electrical model
concerns the dc power feed to the diesel generator exciter. However,
with the proper connections in the model, some solutfons in the double
dependency calculations are incomplete. For example when considering the
480 V buses, the model correctly produces a doubleton of the 6900 V buses
and diesel generators. But since the batteries must supply dc power for
diesel starting, the 6900 V buses and batteries are also a doubleton.

The conditioned cycle prevents this doubleton form appearing in the DMA
code results.

Similarly when considering the dc power panels, the model correctly
produces a doubleton of the 480 V buses and batteries. But since the
power panels start the diesels which supply the 480 V buses, the 6900 Y
buses and batteries are also doubletons to the power panels. The
conditioned cycle also prevents these doubletons from appearing.

Although the digraphs are constructed with the electrical system under
normal opcratin? conditions and the diesel generators off, the
conditioned cycles fool the DMA codes into producing results which
represent the system with the diesels already operating. A theoretical
solution to this problem has been developed, but computer size
Timitations, due to the enormous size of the electrical model, prevented
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its implementation. The missing doubletons were included in the system
combination results in an extra post-processing step so that no important
interactions are missed.

3.3.7 RCP Seals and Chemical and Volume Control Digraphs

2.3.7.1 Reactor Coolant Pump Seals

The Reactor Coolant (RC) pump is an integral part of the Reactor Coolant
System and facilitates the transport of heat produced in the nuclear core
to the primary side of the steam generators. The RC pimp consists of
three general areas: the hydraulics package, the shafi seal package, and
the motor package. Failures of several of the many components within
these packages could result in a breach of the reactor coolant system
that would challenge the emergency core cooiing system. For a RC pump
LOCA to occur, failures that result in allowing reactor coolant out of
the RCS and into the pump must occur along with an uncontrolled path for
the coolant to leave the RC pump. The failure criterion for a RC pump
LOCA was developed as a digraph overlayed on a schematic of the RC pump
shaft seal area and is presented in B.7 of Appendix B. The mode! was
developed such that faflure 1s allowing flow to pass out the RCS and
through the pump to the containment (break model). A discussion of the
failure modes and assumption used in this analysis is given below.

'2.3.7.1.1 Hydraulic Package

The pump hydraulic package is the part of the pump that does the actual
pumping of the reactor coolant. The pump casing, impeller and other
hydraulic components are separated from the shaft seal package by a
thermal barrier. This thermal barrier consists of a labyrinth seal and a
heat exchanger. The heat exchanger isolates the hot reactor system from
the remainder of the pump. The thermal barrier heat exchanger cooling
medium is supplied by the component cooling system. A rupture in this
heat exchanger would constitute a path for the reactor coolant to leak
from the reactor coolant system. This rupture is considered a random
failure since Toss 1n cooling flow would not result in failure of the
heat exchanger tubing which is designed for high pressure and
temperature. The heat exchanger rupture has to be accompanied by either
the cooHn? water inlet or outlet 1ine being open for a LOCA to occur.
The inlet 1ine has high pressure piping up to a check valve just before
the pump. The outlet Tine has high pressure piping up to a flowmeter
controlled isolation valve outside of contaimment.

The Tabyrinth seal rubs on the pump shaft and has high pressure seal
water injection on the side opposite the reactor coolant system., A
failure of the labyrinth seal along with a loss in seal water fnjection
flow or pressure would allow reactor coolant to leak from the reactor
cocolant system. Faflure of the labyrinth seal can be either a random
failure or can be caused by excessive shaft vibration which would be
caused 1f the pump lower radial bearing were to fail or if either of the
motor bearings were to fail.



2.3.7.1.2 Shaft Seal Package

The shaft seal package separates the pump hydraulic components from the
motor components and prevents reactor coolant from leaving the impeller
region of the pump. High pressure seal water is injected into the pump
from the charging system where a portion of it flows into the reactor
system as make up water and the remainder flows up through the pump
seals. The seal package consists of three seals, the No. ! seal, No. 2
seal and the No. 3 seal, with respective leak-off systems and a No. )
seal bypass line. The No. 1 seal is designed to provide a large pressure
drop so that a portion of the seal injection water will enter the reactor
system. In addition, the pump lower radial bearing 1s located on the
high pressure side of the No. 1 seal so that cooling is provided by the
seal water injection. The No. 1 seal leak-off flow is directed to the
volume control tank of the charging system. The No. 2 seal is lTocated
above the No. )1 seal and is designed to provide the same pressure drop as
the No. 1 seal in the event that the No. 1 seal should fail. The No. 2
seal leak-~off system is constructed of low pressure piping and flow is
directed to a standpipe and then to the waste disposal system via the
loop drains at the RC pumps. The No. 3 seal is located above the No, 2
seal and is a vapor seal capable of holding only a 5 psi differential
pressure. The No. 3 leak-off flow goes directly to the floor trench
below the reactor vessel. The No. 1 seal bypass iine is provided to give
additional flow to the lower radial bearing region during pump start up
and when the reactor coolant system pressure is below 1500 psi.

Failure of the No. 1 shaft seal will allow seal water injection pressure
into the No. 2 seal inlet cavity. If the No. 1 leak-off line provides an
uncontrolled flow path out the pump, the seal water injection pressure

will be decreased, allowing coolant to flow out of the reactor coolant
system and into the contaimment., The No. 1 shaft seal leak-off path
fails when it is open to the low pressure piping (151 psig) downstream of
either valves 243A, B, C, D, or valves 244A, B, C, D.

In the event of a No. 1 shaft seal failure and closure of the No. 1 seal
Teak-off lines, (FCV261A,B,C,or D) the No. 2 seal is designed to provide
the same pressure drop as the No. | seal and force seal injection water
into the RCS. In this case, failure of the No. 2 seal will reduce the
seal water injection pressure and provide a leak path out the pump, since
neither the No. 2 seal leak-off system nor the No. 3 shaft seal can hold
seal water injection or RCS pressure.

Another possible flow path out the pump is provided by the No. 1 seal
bypass 1ine. This flow path fails when it is open to the low pressure
piping (151 psig) following the flow control valve FCV246. For this path
to be open, an orifice which provides sufficient pressure drop to the

No. T seal inlet cavity must fail and the flow control valve, FCY246,
must be open,

Loss of seal water injection will allow the reactor coolant to leave the
RCS. It is assumed that the thermal barrier heat exchanger does not
provide sufficient cooling to prevent this hot coolant from flashing to
steam and failing the pump lower radial bearings and all the shaft
seals. The failure of the seal water injection system is discussed in
the section on the modeling of the chemical and volume control system,
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One failure in seal water injection is a vent or drain valve opening on
the seal inlet piping. This failure would also result in a flow path out
the pump. It was assumed that this failure would have to occur between
the third check valve and the RC pump on the inlet piping.

The pump motor provides the motive force to turn the pump shaft and
impeller. The rotor is attached to the pump shaft by a flange above the
shaft seals. The rotor is supported on both sides by bearings which are
immersed in reservoirs of oil that are cooled by heat exchangers. The
cooling medium for these heat exchangers is provided by the component
cooling system. A failure in either of the motor bearings (upper or
Tower) will cause the motor and pump shaft to experience excessive
vibration. This shaft vibration is assumed to be severe enough to cause
a failure in 211 three pump shaft seals and in the thermal barrier
labyrinth seal.

2.3.7.1.3 Summary of RCP Seals

In sunmary, the major assumptions used to develop a model for a Reactor
Coolant Pump loss-of -coolant accident are 1isted below:

1) Any uncontrolled loss-of -coolant from the RCS through the pumps
constitutes a RC pump LOCA,

2) the thermal barrier heat exchanger will only fail due to a
random failure since Lhe tubes were designed for high pressure
and temperature,

3) rupture in the thermal barrier heat exchanger will allow
sggicunt flow to pass out the pump to constitute a RCS pump
LOCA,

4) the thermal barrier heat exchanger will not provide sufficient
cooling to prevent reactor coolant escaping the RCS from
flashing to steam,

§) losst of seal water injection will cause a failure in all the
pump seals and the pump lower radial bearing,

6) failure in seal water injection can also result in a leak path
out the pump,

7) random failure of the pump lower radial bearing will cause
excessive shaft vibration and a subsequent failure in the shaft
seals and the thermal barrier labyrinth seal,

8) failure of either motor bearing (upper or lower) will cause
excessive pump shaft vibration and a subsequent failure of the
thermal barrier labyrinth seal and the shaft seals,

9) the No. 3 shaft seal is a vapor seal only and will not hold the
seal water injection pressure or the reactor coolant system
pressure,

10) failure of the thermal barrier labyrinth seal and leak path out
the pump will cause a larger size LOCA, and

11) the No. 2 seal leak-off system will not block a RC pump LOCA due
to the lTow pressure piping which cannot hold RCS pressure,

2.3.7.2 Chemical and Volume Control System

The Chemical and Volume Control System performs many functions. The
function of interest is the provision of high pressure reactor coolant
pump seal water injection. Therefore, the failure of the CVCS to provide
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adequate injection flow and pressure to the RC pumps seal area was
modeled.

The portion of the CVCS associated with the RC pumps sea! water injection
consists of: the three positive displacement charging pumps, a source of
injection water, the seal injection filters and the piping from the
charging pumps discharge to the RC pumps.

The primary water source for the charging pumps is the volume control
tank. However, the CVCS is so configured that the charging pumps can
take suction from a number of sources including: the refueling water
storage tank, the primary water storage tank, the chemical mixing tank
and the boric acid tanks. These water sources connect to the charging
pump suction headers at different points. Therefore, this header was
modeled as a crosstie allowing for the various sources to reach each pump
inlet. The piping from the volume control tank was included in the
model. The other water sources were modeled as water source nodes to the
pwls suction header and their associated piping was not included in the
mode].

During normal plant operation, one charging pump supplies the flow
necessary for the seal water injection and the other feed and bleed
operations needed for RCS chemical and volume control. The normally
running pump is usually automatically controlled by the pressur ver level
control system. The other two pumps must be manually started and
controlled if they are needed for additional flow to the RCS. Charging
pumps 30, 32 and 33 are powered from the 480 V buses 5a, 3a and 6a,
respectively, and cooled by water from the component cooling system.

The unit models for the charging pumps were developed for the control
circuitry that closes the main ac circuit breaker that connects the power
source to the pump motors. These pump models assume No. 30 is normally
running and fails to continue to run. The other two pumps efther fail to
-start or once started, fail to continue to run. For the normally running
pump, loss of dc control power will not trip it off 1ine, however, dc
control power {s needed to start a pump that is not running. Charging
pump 32 and 33 receive dc control power from distribution panels 33 and
32, respectively.

The discharge of each chargin? pump divides into two paths. One path
connects to the RCS charging lines, the other path is the seal water
injection Tine. These is also a recirculation 1ine back to the volume
control tank on each pump discharge. The RCS charging lines and the
recirculation Tines were modeled as degradation nodes to the seal water
fnjection 1ine since faults in the piping may reduce the pressure needed
by the seals.

A1l three seal water injection 1ines join a single pipe that 3«3 to the
seal injection filters. The seal injection filters consist of two
filters and a valved bypass 1ine. Each filter has isolation valves, one
on its inlet and one on fts discharge. A1l values on the seal injection
filter assembly are Mmanually operated. Normally, one filter is in use.
A1l three filter 1ines can supply sufficient flow to the seal area.
Therefore, all three paths must fail for loss of seal watcr injection.
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The discharge of the seal injection filter assembly flows to a header
that feeds the RC pumps inlet lines.

Each RC pump inlet line contains a needle valve for adjusting seal water
flow, and an isolation valve before passing into the containment
building. Inside containment, each line has three check vzlves and three
valved vent lines befure joining the RC pump seal inlet flange.

2.3.8 Component Cooling Digraphs

2.3.8.1 Introduction

The Component Cooling system is designed as two trains. Each train cools
redundant equipment and the pumps and heat exchangers can be used to
route flow through either of the trains. Figure B.8 in Appendix B
provides the component cooling system schematic.

2.3.8.2 Crossties

The interchangeability between pumps, headers, and heat exchangers in the
Component Cooling System leads to three crossties in the component
cooling model. The first crosstie is located at the input to the
Component Cooling Water Pumps (CCWPs) (two inputs and one output). The
second crosstie exists at the discharge side of the CCWPs (three inputs
and two outputs). The last crosstie consists of the output of the
Component Cooling Heat Exchangers (two inputs and two outputs).

2.3.8.3 Flow Paths

The two outputs of the CCHXRs and the two inputs to the CCWPs make up the
two trains provide coo!ing for various items of equipment. Each train
consists of nested “loops” which can be isolated in the event of a pipe
rupture. Examples of this looping effect is shown in Figs. B.8.1 -
B.8.3. Notice that the arrows represent propagation of failure to the
equipment and are shown pointing into eacn sink. This is necessary to
prevent a failure from propagating back through the crossties and causing
the failure (in the digraph) of every other component in the model.
Because of these loops any failure on the path is a singleton to its
associated sink, that is, all nodes on the path to a sink (except those
Tocated in a crosstie) are singletons.

The system failure criterion for the CCWPs is defined as failure of al)
three pumps since the crosstie allows any one pump to pressurize both
trains.

2.3.8.4  Components

Cooling to the SIPs 1s accomplished whether the CCWPs are running or
not. re 1s a mini shaft pump on each SI pump which provides cooling
water flow in the event that the CCWPs are not running.

Two of the SIPs are cooled by train 32 and the third SIP 1s cooled by
train 31. This insures that sufficient cooling would be provided for the
minimal number of SIPs for a small LOCA given one cooling train
operational. If train 32 fails and there is a medium LOCA, a
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supglcncntal flow of cooling would be needed in order to provide SIP
cooling until the point where Residual Heat Removal pumps (RHRPs) can
become effective.

There are two Residual Heat Exchangers and two Residual Heat Removal
Pumps - one of each is cooled by each component cooling train. Since
only one of each is necessary for core cooling during low pressure
recirculation, loss of one train will not prevent long-term cooling.

The two Recirculation Pumps are cooled during the injection phase by
Component Cooling Booster Pumps (two for each RECP) (also called
Auxiliary Component Cooling Pumps). These CCBPs are actuated by the SI
signal and dedicated to the RECPs to protect them from the hostile
containment atmosphere. One CCBP per RECP is sufficient, leaving the
other as back-up in case of active component failure.

The injection to ~ecirculation switch-over sequence shuts the CCBPs down
and brings on the main CCWPs. (They were stripped off in the case of
loss of offsite power.) The CCWPs are not needed for RHXR cooling and
will cool the RECPs as well.

The cooling water for all four Reactor Coolant Pumps (upper and lower
bearings and thermal barrier) is provided by compcnent cooling train 32.
It is for this reason that if a problem occurs in train 32 which can not
be remedied in two minutes, the reactor and the RCPs are tripped.

The three Changing Pumps (CP) ofl coolers (two per pump) are also cooled
by train 32 and are in the nested loop downstream of SIPs 32 and 33.
Downstream of the CPs are the Seal Water Heat Exchanger (SWHXR) and
Non-Regenerative Heat Exchanger (NRHXR), which are in the same loop.

2.3.9 Service Water System Digraph

2.3.9.1 Introduction

The digraph of the Service Water System (SWS) consists of two parts: 1)
One-to-one mappings of the hardware from P&IDs to a flowpath model; and
2) flowrate failure criteria. The PAID mappings capture all of the
possible cooling flowpaths to the following support system hardware
including:

1) Diesel generators;

2) Component cooling heat exchangers;

3) Instrument air system;

4) Boiler feed pump lube 01l coolers; and

5) Closed cooling system.

The flowrate failure criteria consists of the different number of pumps
needed to adequately remove the heat generated by the support systems
during varfous accident modes of operation (see associated P&IDs and
digraphs in B.9 of Appendix B.)

2.3.9.2 Flow Path Mode)

By mapping from the P&IDs to a digraph, openness of all possible
flowpaths from the Hudson River to hardware and back to the river can be
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captured. “Openness” can be defined in terms of the normal alignment of
the valves in the system and what is needed to open alternate paths if a
normal path should not be avaiiable. This includes detailed modeling of
the service water pump electronics to accurately capture dependencies
which facilitate the successful flowpath through the pump. It also
includes inputs from operators who manually open a closed valve to create
a new flowpath. Thus, impiicit in the flowpath model are initial
conditions relating to the state of the flow permitting components at

To.
2.3.9.3 Initial Conditions

As described above, the valves in the SWS are manually aligned to be
consistent with the selection of which three main pumps are to cool
“essential” hardware and which three cool "non-essential® hardware in the
event of an accident. The essential pumps can turn on automatically; the
others cannot. The model must therefore reflect the selection of the
pumps. At Indian Point-3 pumps 31 - 33 are almost always selected for
essential cooling. The model allows for the selection by the mode select
switch of either group of pumps. This choice is fixed at To. The
remaining six pumps require beneficial operator intervention to be used
and thus have corresponding inputs on the digraph. During normal plant
operation, any pump(s) may be operating. For the sake of this analysis,
it will be assumed that, as a worst case, the pumps selected as essential
lnioff at T, and therefore require actuation in the event of an
accident.

Checkoff Tist COL-RW-2 is used to guide operators in the manual alignment
of valves. This alignment constrains the pumps selected as essential to
only cool essential hardware and the non-essential pumps to only cool
non-essential hardware. Thus, valves between non-essential pumps and
essential hardware (and vice-versa) are manually closed. To open these
paths requires operator input and thus every valve which the checkoff
Tist says is shut has an input from an operator node in the digraph.

2.3.9.4 Flowpath Modeling Assumptions

Based on Inidan Point-3 operator discussions, certain assumptions were
made in the course of modeling the flowpaths. They primarily concern
exclusion of dependencies due to large time delays between failure of a
component “nd propagation of the effect of that failure.

Water drawn by the main pumps passes through “traveling screens” which
filter out water borne debris. There is a screen dedicated to each of
the three redundant paths from the river through the intake structure to
the putp well. These screens are flushed clean by water supplied by the
service water pumps. This flushing requirement was excluded from the
model, therefore, flowpath failures due to clogging of the three
redundant paths AND failure to flush them out are not in the model.
After water has passed through the service water pumps it passes through
“automatic strainers”. These perform the same function as the traveling
screens and filter out particles over 1/8" in diameter. The requirement
for flushing these was also excluded. After passing through the



strainers, the water flows through some lengths of outdcor piping. This
piping is heat traced to keep the contents from freezing. Blockage due
to failure of any or all heat tracing during an accident was excluded.

2.3.9.5 Flowrate Failure Criteria

The amount of waste heat generated by the plant varies with plant
accident mode. Consequently, the total flowrate of river water that has
to be pumped through the service water system to adequately remove that
waste heat also varies. The necessity for a different number of pumps to
be working during different plant modes is captured in a group of models
called the Flowrate Failure Criteria. The information used to create
these models is from the FSAR, Sectin 9.6.1 and Table. 9.6-1, Plant
System Description 24.0, Technical Specification, page 3.3-18, and
operator discussions. The plant accident modes are "Non-LOCA" and “LOCA"
for the system combinations chosen for this analysis. The flow rate
requirements are shown in Figure 2-6.

2.3.9.5.1 Non-LOCA Accident Mode (System Combinations 5,6)

The first plant accident mode, non-LOCA, applies to system combinations 5
and 6 which involve the main and auxiliary feedwater systems being called
upon to remove heat from the reactor coolant system when there is no
simultaneous LOCA. The service water system flowrate requirements can be
met by a single pump (5,000 gpm). The hardware requiring heat removal
includes the boiler feed pump lube 0il coolers, containment fans, diesel
generators, closed cooling system, and miscellaneous equipment. The
model decribing the flowrate requirement takes into account that only the
six main service water pumps can cool the boiler feed pusp lube oil
coolers and the closed cooling system. A1l nine pumps can, however, cool
the other hardware. This difference is due to the three backup pumps
being downstream of check valves which isolate them from the flowpaths to
the boiler feed pump Tube 011 coolers and the closed cooling system.
Since only one pump is required for the system to succeed, the flowrate
failure criteria is already captured by the path mode! and any path from
the river to the hardware passes through only one pump since no pumps are
in series.

Since the closed cooling system is considered non-essential, the three
main pumps aligned with it are automatically turned off on receipt of a
safety injection signal. Thus, strictly speaking, the hardware, such as
the condensate pump motor bearings, cooled by the closed cooling system
would necessarily overheat. Since this would not occur immediately, the
requirement of heat removal from the closed cooling system to the rest of
the SWS isn't modeled for cases representing immediate response to an
accident.

2.3.9.5.2 LOCA Accident Mode

The LOCA accident mode is divided into two phases: injection and
recirculation. For the purposes of modeling service water flowrate
failure criteria, injection phase pertains to the plant response
immediately after a LOCA, regardless of whether the system combination
includes the high or low pressure safety injection systems. System
Combinations 1 - 4, 7, 8, and 10 fall into this category. LOCA
recirculation mode is for long-term response and is modeled in System
Combination 9,
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2.3.9.5.3 ‘I%rction Phase (System Combinations 1 -4, 7, 3,

Immediately after a LOCA, the primary heat sources that have to be cooled
by the SWS are the containment fan units and the diesel generators.

While the containment fans are not modeled in any system combination,
requirements for their cooling are included in the SWS failure criteria
since they are an essential joad with a flowrate requirement of 10,000
gpm as listed in FSAR Table 9.6.-1. That requirement is based at keeping
containment temperature at or below 120°F. The three diesel generators
together require a flowrate of 1,200 gpm. Other hardware requirements
are less than 1,000 gpm. Cooling of the turbine lube o0il and seal oil
are excluded since the turbines are not used to mitigate the accident.
The total required flowrate of approximately 12,000 gpm indicates the
need of at least three of the 5,000 gpm capacity service water pumps,
however, Technical Specification page 3.3-18 and operator discussion
agree that two pumps would be adequate.

2.3.9.5.4 Recirculation Phase

Flowrate requirements for recirculation phase are 7,000 gpm for heat
removal from the component cooling heat exchangers. In this phase,
residual heat is transferred from the core to the component cooling
system by the residual heat exchangers. This heat is then transferred to
the SWS via the component cooling heat exchangers. Flow requirerents to
the containment fans is 6,400 gpm and the diesel generators require 1,200
gpm. With miscellaneous additional requirements, the FSAR Table 9.6-1
and operators agree that three service water pumps are required. Since
the recirculation phase is entered long after the accident begins, and
since it requires manual intervention to initiate, credit is given for
operators to turn on those pump; that were automatically tripped before,
thus greatly reducing the likelihood of inadequate flow.

2.3.9.6 Results of Service Water System Modeling

The Service Water System appears as a suppcort system in every system
combination. Its effect on the integrity of the reactor coolant system
depends upon which support systems it can ac® through, as vell as whether
beneficial human intervention is allowed. However, given that its
function is heat removal, primary consideration has to be given to how
long it would take for a failure in the SWS to propagate to the hardware
it is cooling. For instance, the time before a failure to cool the
component cooling heat exchangers causes problems is much longer than
wher cooling to the diesel generators stops. A significant dependency
was found between the SWS and the diesel generators owing to the fact
that the diesels have an immediate cooling requirement,
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The Indian Point-3 Nuclear Plant derives its automaZic emergency onsite
high voltage power from three diesel generators. The DGs must be cooled
in order to keep from failing due to overhezting. The cooling is
accomplished by transferring heat to the Service Water System (SWS) which
is designed to circulate river water through DG heat exchangers when the
DGs are in use. Loss of this cooling will result in failure of the DGs
to generate power due either to protective shut off or damage due to
overheating. In either event, a generator will cease to produce power
within a fes minutes of loss of heat removal.

To ensure heat removal from the DGs during an accident, they are aligned
with a set of three main service water pumps desigred to turn on
automatically. These pumps are preselected for cooling “essential®
hardware in the event of an emergency (see Section 2.2.12). The other
set of three main SWPs is selected to cool “non-essential” hardware by
default since a two-position mode select switch is used to enable the
pumps. The non-essential pumps are tripped on SI signals and the
flowpaths to the essential hardware are isolated from those to the
non-essential hardware. Thus, even though under normal plant operation
pumps from bcth groups are pumping through both trains, the DGs can only
be ccoled by a single train. Furthermore, under normal plant operation,
water is kept from flowing through the DG heat exchangers by two normally
closed valves in parallel on a common downstream path. On SI or high DG
0fl or water temperature they are de-energized and open.

The single trained cooling flowpath and the normal absence of flow
through the DG heat exchangers presents the followi ng noteworthy
vulnerabilities:

1. Failure of DGs to Cenerate Power Due to a Misaligned Switcn

As mentioned above, the essential SWP train is aligned to enable DG
cooling immediately after an accident whereas the non-essential SWP
train is aligned such that it cannot cool the DGs immediately after
the accident. Having so configured the SWS, improper selection of
which pumps are essential and non-essent‘al would result in a
failure of the gencrators to be cooled immediately after the
accident. This selection is made using the “mode selector switch"
on the right hand safequards panel in the control room (System
Description 24.0, Section 3.2.8). Detection of this error before an
accident rests primarily on the accurate implementation of the SWS
check-of? Tist (COL-RW-2) and subsequent inspections of valve
positions and/or flow instrumentation. The latter requires
correlating the inspections with the scate of the mode selector
switch to expose the error.
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2. Failure of DGs to Generate Power Duz to Misaligned Valves

Each SWP train has two butterfly valves in series, either of which
if closed and undetected would mean failure of DGs to be cooled
immediately after an accident, should that train have been selected
as essential. If SWPs 31-33 are selected as essential, then the
valves are SWN-98 and SWN-30. If SWPs 34-36 are selected as
essential, then the valves are SWN-99 and SWN-Z9. Misalignment of
any of the valves could result from inaccurate application of the
check-off 1ist or of a maintenance or testing error. However, the
means of detecting misalignment of SWN-92 or 99 is very different
from that cf SWN-29 or 30.

A misalignment in the first set is fairly easily detected since
there is normally flow through each valve and just downstream of
each valve is a pressure meter which is cownected to an indicator
1ight and annunciator in the central control room. Therefore,
during normal plant operation a misalignment would be indicated
quickly and automatically. Misalignment of either of the other
valves (SWN-29, 30), however, is neither automatically nor quickly
detected. After the intial procedure of following the check-off
1ist, inspection of the valve position consists of monitoring a
local pressure gauge every 8 hours. The location of the pressure
tap is shown in Figure 2-7 which is a copy of a section of the main
SWS P&ID 9321-F-27223-21. Trere is no indication of the tap on the
original P&ID and its presence was derived from an operator. Also
noted are butterfly valves 29 and 30. If SWNs 31-33 are selected as
essential, then SWN-30 is normally open as are SWNs-62A, C, and E
which 1ie just upstream of each diesel heat exchanger pair. SWNs
29, 628, D, and F would b¢ correspondingly closed. Detection of
SHN-30 being inadvertently closed is currently accomplished by
monitoring the local pressure gauge and noting a drop in pressure.
Should the valve be closed long enough for the pressure to drop
below a threshold, an alarm sounds in the cerntral control room.

2.3.10 Pressure Operated Relief Valve Digraphs
2.3.10.1 Introduction

The pressure operated relief valve and the safety valves at indian Point
3 are part of the Overpressure Pressure Protection System (OPS). The
Overpressure Protection System prevents the reactor vessel from exceeding
the Teciinical Specifications Jressure-temperature 1imits. This is
accomplished through the use of the pilot operated relief valves (PORVs),
the safety valves, and a pressure-temperature logic system that armms and
disarms the OPS, and automatically opens the PORVs. (See Figure B.10 in
Appendix B).

The two PORVs (PCV-455C and PCV-456) are set to open automatically at
2335 psig. The pressurizer pressure instrumentaticn and control system
also initiates a reactor trip at 2365 psig. Finally, the three safety
valves (PCV-464, PCV-466, and PCV-468) open automatically at 2485 ps.g
(the reactor coolant system design pressure). At reactor coolant
pressures lower than normal operating conditions, the pressurizer
instrumentation and control system unblocks the safety injection bistable
at 1880 psig, trips the reactor at 1820 psig, and initiates low pressure
safety injection at 1720 psig.
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The three safety valves (PCV-464, PCV-466, and PCV-468) and the two PORVs
(PCV-455C and PCV-456) discharge their steam through discharge piping
that connects to the pressurizer relief tank (PRT). Block valves
(MOV-535 and MOV-536) located upstream of the PORVs serve to fsolate the
PORYs should they fail to reclose after opening. Loop seal drain lines
located at the low point of the loop seal upstream of the safety valves,
drain condensate before the safety valves are tested. Normally, a water
seal is maintained below each safety valve by the loop sea! to inhibit
leakage. A valve on each loop seal drain line (574A, 574B and 574C) and
a valve, 526, on the combined drain line, maintains primary pressure
boundary integrity. Three smaller (3/4 in.) lines, two sampling lines
and a waste disposal line, must be valved off to maintain primary
pressure boundary integrity. A failure by this system is considered to
be any breach of the primary pressure boundary integrity by valves
associated with the pressurizer.

2.3.10.2 Pilot Operated Relief Valve (PORY) Unit Model

The two Pilot Operated Relief Valves (PCV-455C and PCV-456) used at
Indian Point 3 are Copes-Vulcan 3 in. class 1500 model D-100-160 valves
An ASCO #HT8316C15 3-way solenoid operated valve controls the flow of
nitrogen (N2) gas to the PORV diaphragm located on the top of the PORV.
Flow of N2 gas to the PORV diaphragm located on the top of the PORY.
Flow of N2 gas into the PORV diaphragm pressurizes the diaphragm which
expands, raising the valve body frame and valve stem upward. As the
valve stem moves up, it 1ifts the valve plug, allowing steam out the
discharge piping. The upward movement of the valve body frame also
compresses a spring which, when the diaphragm is depressurized, provides
a closing force on the valve stem and valve plug. The PORVs fail close
with loss of nitrogen supply, provided that the N2 supply line is
vented. The PORVs are normally set to open at 2335 psig. A failure in
the PORY will be failure to reclose.

2.3.10.3 Safety Valve Unit Model

The three Safety Valves (PCV-464, PCV-466, and PCV-468) used at Indian
Point 3 are Crosby Valve & Gauge series HB-BP-86 3 in. spring loaded,
enclosed pop type valves with back pressure compensation. They are set
for the system design pressure of 2485 psig. These valves constitute a
failure when they fail open.

2.3.10.4 Instrument Nitrogen (N2) Supply System

The instrument nitrogen (N2) supply system supplies nitrogen gas from the
nuclear equipment nitrogen system to the diaphragm of the two PORVs
(PCV-455C and PCV-456). A failure by this system is considered to be the
failure to vent the nitrogen gas from the diaphragms of either PORV via
the 3-way solenoid operated valve or by the nitrogen supply 1ine.
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2.3.11 Instrument Air System Digraphs

2.3.11.1 Introduction

The Instrument Air System digraph encompasses all of the equipment
contained in the Control Building, as well as selected parts of the
Containment Building, Turbine Building, and Auxiliary Feedwater
Pumphouse. Development of the Station Air and Administration Building
Air interfaces to Instrument Air was considered outside the scope of the
modeling effort and has not been included. Electrical interfaces have
been modeled for components such as compressors and dryers which do not
fail to a safe position on the loss of electrical power (see associated
P&IDs and digraphs in B.11 of Appendix B).

2.3.11.2 Instrument Air Compressors

The two Instrument Air Compressors are located in the same room
Consequently, they are subject to common location failures. Excessive
dust or smoke could clog the intake filters. The atmospheric suction
(ATMSUCT) node models this intera~tion. Fire, flooding, and steam could
also affect both compressors, as well as the operator's ability to
Tocally initiate corrective action.

Since the compressoi's are identical, the electrical circuitry was unit
modeled. A given compressor, its V-belts, and its motor were all modeled
as one node (IAC) since a failure of any of them would prevent the
comoression of air. Based on the Auxiliary Feedwater nitrogen bottle
regulator pressure, failure of the Instrument Air System is assumed to
occur whenever the air pressure delivered to a component is less than 50
psig. Thus, failure of the unloader solenoid (SOV 1198/1199) to vent
results in compressor failure, since the compressor will nat load unti)
system pressure falls below 30 psig. Compressor failure will also occur
if the flow of Service Water to a ccmpressor or an aftercooler is not
sufficient to prevent a high temperatur~e compressor trip. One compressor
will pressurize the system to well over 90 psig.

2.3.11.3 Emergency Tie to Station Air

The Instrument Air System is connected to the Station Air System Just
upstream of IA-30. The node STATIONAIR is the boundary between the two
systems,

Air must flow from STATIONAIR through one set of prefilters and a
normally shut isolation valve (PCY1142) in order for the emergency tie to
be effective. The operation of the prefilters is similar to that of the
other parallel filter sets (described below) in the IA System. PCV1142
opens when PCS1169 senses a low air pressure condition through IA-28 or
wherever power is Tost to SOV1142. The Statfon Air System will
adequately pressurize the IA System even if no IA compressors are running.

The Station Air System also supplies emergency makeun to the IA Weld
Channel Pressurization System. This path was modeled up through valve
IA-55, though none of the other systems in the present study uses air
from this branch of the IA System,
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2.3.11.4 Parallel Filter Sets

Parallel filter sets are located throughout the Instrument Air System,
The hardware consists of two interlocked filter selector valves, the
filters themselves, a differential pressure gauge, and two gauge
isolation root valves.

Though the filter selector valves are mechanically interlocked, they have
also been modeled as independently operable "Y* (inlet) and “Z" (outlet)
selector valves. Each selector valve was further subdivided into "A" and
"B" paths. Thus, it is possible for air to flow through neither, both,
or only one filter path. Air must flow through at least one filter path
to pressurize the downstream piping.

The pressure drop across the filter is proportional to the flow through
the filter. Thus, the operator must place the backup ("A") set of
filters on service when the gauge reads high. In order for the gauge to
indicate correctly, both root valves must be open and there must not be
any breaks or blocks in the gauge piping. The LINK node propagates a
gauge Tine block into the gauge and a gauge line break into the gauge
root junction. Note, however, that a full scale break model, which would
propagate failure upstream as well as downstream, has not heen attempted
for this system.

2.3.11.5 Refrigerant Dryers

Two refrigerant dryers are installed downstream of the station air
emergency tie to dehumidify the air. A single dryer has sufficient
capacity to supply the needs of the IA System. A dryer which is not
running is assumed to pass no flow.

PCDST131 senses the pressure drop across the dryers. It energizes
SOV1542 on high pressure (low flow) to open PCV1542 by applying air

provides an adequate flow rate. The dryers may also be bypassed by an
operator (OPR1542 or OPR65) who manually opens PCDS1131 or the equalizing
valve (IA-65) respectively.

2.3.11.6 Emergency Tie to Administration Building Air

The Instrument Air System is connected to the Administration Building Air
System just upstream of [A-36 in the Turbine Building. The node ADMINAIR
is the boundary between the two systems.

ADMINAIR is tied into the Conventional Plant IA Loop by manually (0OPR36)
opening the isolation valve (VGA36). This makeup air ties into the
nuclear service IA header at I[A-4 after passing through an orifice. The
Administrtion Building Air System's capacity is sufficient to pressurize
the IA System without the assistance of the IA or SA compressors.
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2.3.11.7 Regenerative Desiccant Dryers

A regenerative desiccant dryer consists of a four-way selector valve and
two desiccant beds. Bidirectional flow through the desiccant beds is
incorporated by way of dummy nodes which denote the component and
direction of airflow. The selector valve was modeled as four independent
valves ("AA", "AB", “BA", “"BB"), where the first letter refers to the
desiccant bed on service and the second letter refers to the inlet (“A")
or purge (“B") path.

Heat tracing (HTRC) in each desiccant bed is used to regenerate the
desiccant. A desiccant bed which cannot be dried is assumed to fail due
to line freeze up. This condition could occur if the purge path to the
atmospheric exhaust (ATMEXH) was blocked or if the neat tracing failed.

2.3.11.8 Nonregenerative Desiccant Dryers

A pressure switch senses the discharge pressure of the regenerative
desiccant dryer through a normally open valve. On low pressure or loss
of power, it will trip open the nonregenerative desiccant dryer isolation
valve by venting its diaphragn through the solenoid operated valve.

2.3.11.9 Results

The Instrument Air System digraph was analyzed for singletons and
doubletons to the FCV 261A diaphragm. This valve is important in
regulating the flow of seal injection water to the reactor coolant
pumps. The results indicate that all but one of the singletons are due
to the single Tine nature of the air piping downstream of IA-4 which
services the Containment Building. The majority of doubletons appear as
combinations of regenerative and nonregenerative desiccant dryer
components. This result illustrates the backup protection afforded to
the regenerative dryer by the nonregenerative dryer.

A singleton failure of interest involves the desiccant dryer after filter
set selector valve (IA-12). The valve could be positioned such that
neither filter is lined up to pass air flow. This type of failure could
be attributed to a faulty mechanical interlock which would allow the
inlet valve (IA-12Y) to be aligned to one filter while the discharge
valve (IA-12Z) is aligned to the other. Failure could also occur due to
blockage inside one of these valves, regardless of its position.

The doubletons which result from the simultaneous failure of components
in the desiccant dryers can be better understood by discussing the
regnerative and nonregenerative components separately. Since air
normally flows through the regenerative beds, the regenerative piping
will be considered first.

A Toss of the heat tracing in either regenerative desiccant bed (HTRCI206
or HTRC1207) or a loss of their power supply (MCC34) could cause an ice
plug to form as the moist air expands into the downstream piping and
freeze. Electrical power is assumed to be lost in a fire, flood, or
steam leak casualty. Thus, these events contribute to the same type of
blockage, though one could argue that the heat from a fire or steam
rupture would tend to thaw the pipes and | >vent freezing. Failure of
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the four way valve (4V1105) to periodically change position could also
result in freezing since the on service bed would not properly
regenerate. Blockage, due to the entry of foreign material, can occur in
the check valves, fittings, beds, purge lines, valves, and pipes which
compose the regenerative desiccant dryer. A blocked purge path prevents
warm air from circulating through the off service desiccant bed, thus
yielding another case of pipe freezing when the bed is restored to
service,

The nonregenerative desiccant dryer is also susceptible to blockage. It
will fail if SOV 1143 does not reposition to vent the PCY 1143
diaphragm. The node NRDD1143 (nonregenerative desiccant dryer)
encompasses all desiccant failure modes including blockage, depletion,
and absence.

Several potential failures of the Instrument Air System are attributable
to compenents other than the desiccant dryers. Blockage of flow will
occur, regardless of selector valve position, if both after filters (F12A
and F12B) are clogged. If F128 (normally on service) is clogged, a steam
rupture or fire in the same room would make it difficult or impossible
for an operator to swap filters.

A blockage in the line just upstream (J7) or Just downstream (J10) of the
refrigerant dryers, combined with a loss cf the Administration Buildi

Air System, effectively blocks all sources of air to the nuclear services
header which enters Containment. A blockage or each side of the T
fitting (J59) into the Containment Building Instrument Air Loop could act
to cause the same effect.

2.3.12 Lube 011 System Digraph

2.3.12.1 Introduction

The Lube 011 System (see Fig. B.12 of Appendix B) is a complicated
crosstie network of Pumps and vented tanks. Since th tanks are not
pressurized, it is not sufficient to model only the connectivity of the
system. Direct flow is not allowed between two vented tanks. A vented
tank's contents may only flow to the suction of a pump. The discharge of
a pump, however, may flow to either the suction of another pump or a
vented tank.

In situations where either unpressurized or pressurized oil situations
May occur in the same line at different times, two dummy paths flowing in
the same direction may be neces<sary. An example of this condition is the
discharge through check valve 468 on the digraph (this valve is unlabeled
on the P&ID). The dummy 'A' path may be pressurized or unpressurized
while the 'B' path must always be pressurized for flow to occur. Notice
that the 'A' path from J46A supplies the 011 Storage Tank Transfer and
Cleanup Pump while the 'B' path eventually connects to the fil] lines of
the Clean and Dirty 011 Storage Tanks.




2.3.12.2 Boiler Feed Pump 011 Console

The Boiler Feed Pump 011 Console is the hub of the Lube 011 System. A1l
of the oil which is used to lubricate and control the Boiler Feed Pumps
must pass through this tank.

The physical ability of the tank to pass and store of1 is represented by
BFPOC. The console's 0il level (OILBFP) is determined by its initial
inventory (OILBFPOC) and the net rate of addition from other sources
(PATHBFPOC). Since oil is recirculated through the console, OILBFPOC and
PATHBFPOC provide redundant supplies of oil1 to the Boiler Feed Pumps.

2.3.12.3 Sources of 0i1

A large fraction of the digraph is devoted to pumping oil to PATHBFPOC.
The dashed lines on the digraph represent flow into the oil storage tanks
(COST and XDOST) and the main turbine-generator 0il ~>servoir (TLOR).

For the purposes of this model, these tanks were assiied to contain a
much larger volume of oil than the BFP 0i] Console. fhus, it was
unr.-cessary to consider the inflow to these tanks.

011 may ais. be added to the system through the truck fill (TRK)
connection. A Tully loaded oil tanker is assumed to be readily
available. The tanker's Capacity is much larger than that of the BFP 0i]
Console.

2.3.12.4 Main Lube 011 Pump s

The section of the digraph between the Boiler Feed Pumps and the BFP o1
console is based upon the fecdwater system test (System Description

No. 21) test. The valve numbering seouence for this section was
arbitrarily started from 100. The solenoid operated dump valves
(LO-105A/B/C) are designed for testing purposes but are included to model
the effects of inadvertent actuation. The power supplies of the two ac
and one dc Main 011 Pumps were arbitrarily selected.

The two oil cooler selector valves (LO-111Y/Z) are assumed to be
mechanically interlocked so that operation of one valve will cause the
other valve to align to the same cooler. Each of1 cooler (BFPLOHX) is
capable of remcving the entire system head load while providing full flow
to the feed pumps. Loss of Service Water heat removal capability to the
on service cooler will cause BFP bearing failure.

2.3.12.5 System Success Criteria

Successful operation of the Lube 0i) System is obtained when control and
Tubricating oil is able to flow to both Boiler Feed Pumps. A1l blank
flanges are assumed to be in their normal configuration. The swing
connection between LO-1 and L0-3 is modeled as a T-junction (i.e., ol
may simultaneously flow from each valve into the downstream piping).
Relief valves L0-8 and L0-30 provide an alternate flow path when the
normal path is blocked. Breaks of up to 1/2 inch are assumed not to
affect the flow of oil.
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2.4 System Combinations and Their Minimal Cut Set Results

The system modeling efforts described above yielded individual system
digraphs. The next task was the combination and analysis of the systems
in combinations as discussed in Section 2.1 and summarized in Table 2-4,
For each specified combination of svstems (i.e., accident sequence or
event tree scenario) the systems involved must be merged to provide a
system combination digraph. The process involves the modification of
each system digraph to account for common boundary nodes and interfacing
for the propagation of failures across the relevant system boundaries.
The resulting system combination models are frequently very iarge (8-10
thousand nodes) and difficult to process. Problems encountered at this
Tevel of analysis include the computational difficulty of considering
increasingly higher levels of combinations, and inter system cycles that
:re ]-uch more difficult to detect and correct than those at the system
evel,

In this section, each system combination (see Table 2-4) is described
along with , and the results in terms of singleton and doubleton minimal
cut sets. The detailed results discussed below will be presented in the
matrix format shown below. An asterisk indicates that a doubleton is
composed of the components indicated by the row and the column entry.
Each of the elements shown in the doubleton matrix may in turn represent
several components. Thus if a row element represents n components and
the column element represents m components, the total number of
doubletons represented by the asterisk isnXm This reduction of
several components into “super" components occurs because of the
condensation step described in Appendix A. The cut set numbers given in
the following sections represent the fully expanded cut sets.

A B CODE
A - * o x A*B
B * ... A*D
B o » v » =
D * .. ..
B 5 % 4 e g
(a) Doubleton Matrix (b) Cut Sets

The discussion of the doubleton cut set matrices is in terms of
submatrices, or “blocks.* Notice that the matrices containing the
results are symmetric and that the upper left (submatrix block (1.1) is
Tetter "A", and represents a frontline system. Then each “row" is
sequentially lettered (e.g. second “row" B,C up to the diagonal, then the
third "row" is lettered D, E, Fand so on. In the complete version of
this report, the full singleton 1ists and doubleton matrices are given in
Volume 1-B which is referred to as the enclosures. In order to make this
volume of the report more readable, we have included the relevant
portions of the enclosure volume at the end of each of the system
combination subsections.

In some cases, the doubleton matrices were too large to be included.
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2.4.1 Medium LOCA and Loss of Low Pressure Injection
(505

2.4.1.1 Introduction

In this system combination, we have searched for singleton and doubleton
failures that would cause a loss of Low Pressure Injection during a
given, but unspecified, medium (2"-6" pipe rupture) LOCA. Figure 2-8
shows that core melt could potentially result from this system
comdination scenario. Supporting the low pressure injection system are
the safety injection actuation system, the electrical system, the
Component Cooling system, Instrument Air system and the service Water
system., Notice that the bi-directional relationship between several
support systems establishes intersystem cycles.

In July 1984, the competing team from Brookhaven National Laboratory
identified a safety violation at Indian Point-3 which could occur during
a medium LOCA. They discovered that a failure of Battery 32 in
conjunction with the nonfailure of offsite power would result in the
failure of the RHR pumps to start. Our original results did not show
this singleton.

On review of the DMA model we discovered several electrical load shedding
errors. In particular we had not included the following load shedding
steps:

1.  The Safety Injection signal causes the following breakers to
trip:
52/2AT5A as per IP-3 Electrical System
52/3AT6A Description p. 65A

2. The breakers UT1 - UT4 which connect the main generator to the
electrical system are tripped. The unit auxiliary transformer
is also turned off representing the tripping of the main
generator,

3. Motor Control Centers, MCC-39 and MCC-37 are stripped from
their buses. This results in Battery Chargers 31 and 32
becoming deenergized. Battery Charger 33 is left energized.

The reanalysis of System Combination One (SC1) did not directly show
battery 32 as a singleton. The reason for this omission is the lack of
the NOT operation in the present DMA methodolegy. Battery 32 is a
singieton only if there is voltage on 480v bus 2A. Since DMA models the
components of the system in their failed condition, the non-failure of
the bus did not show the battery as a singleton. Battery 32 is seen as a
doubleton with the interlock (ITLBKREGIP) which responds (indirectly) to
the presence of voltage on bus 2A. Careful evaluation of this doubleton
shows that unless there is a failure which will cause a Bus 2A voltage
failure, Battery 32 is a singleton.

In order to identify the doubletons which should be checked in detail, it
is necessary to flag components whose “success" acts as a system
failure. Thus any doubleton containing a failure node and a success node
should be 1nvestig?ted further. In the DMA model for STT the prefixes UV
(undervoltage), UV! (failure to detect undervoltage) and ITL
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Figure 2-8

SYSTEM COMBINATION ¢#1
S1 LOCA with Lo* Pressure Injection

Front Line Systems: Support Systems:

(H) Safety Injection Actuation

Low Pressure Injection (B) |

(K) Service Water

() Componsnt C?oHng i

(P) Electrical Power

-114-



Figure 2-8

SYSTEM COMBINATION #1
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2.4.1.3 Results for the Front-Line System Acting Alone: Case I

The Low Pressure Injection System (LPIS) is the front-line system for
this sequence. For Case I, we consider all support systems to work with
probability equal to ONE. Several components within the system have been
identified as singleton failure: which cause a loss of low pressure
injection ability (see Enclosure 1, Case I).

The Refueling Water Storage Tank is the only source of injection water
and, therefore, it and its associated piping and valves are singletons
(node 24). The tank must be full of borated water prior to the start of
the accident. (This requirement is reflected in the time transition node
TTRWSTH20). The RWST isolation valve (VGA846) must be open and he path
to the RHR pump suction motor operated stop valve (MOV882) must be clear
of blockage. The RHR pump suction check valve (VC881) must pass flow to
the RHR pump common suction junction (J735B) (see Figure B.1.2.A in
Appendix B).

The path from the common RHR pump discharge junction (JRHR) to the
Residual Heat Loop isolation valve (MCV744) must be free of flow
restrictions. MOV744 must be open and the RHR containment check valve
(VC741) must open to permit flow to reach the Residual Heat Loop inlet
junction (J7458B).

The Residual Heat Loop contains the piping downstream of J745B which
connects to the Residual Heat Exchangers ?RHXs). It is bounded by
junction between MOVIB869YA and MOV18698 (J1869), the Containment Spray
Isolation Valves (MOV889A and MOYV8898B), and crosstie junctions (J899A and
J8998) downstream of the 1j0p discharge stop valves (MOVB899A and MOV8998)
(see Figure B.1.1.A).

The Residual Heat Loop is susceptibie to catastrophic pipe breaks which
sever all of the lTow pressure injection paths to the core. A failure
(BRC745AJ7458) which causes the piping between the two RHXR inlet
junctions (J745A and J745B) to break off at both ends would prevent flow
from reaching the heat exchangers. The probability of such a
catastrophic failure is remote; however, low pressure injection still
fails even if the pipe breaks only at J745B. A similar situation exists
at the outlets of the RHXs (J889 and J1869B), though this break
(BRC889J18698) must be double ended to completely isolate the downstream
low pressure injection system.

The crosstie downstream of MOV899A and MOVB99B on the Residual Heat Loop
outlet merits special mention. Failure of low pressure injection will
occur if either junction (J899A or J899B) ruptures. This failure
(BRC899BJBI9A) is more serious than the two previously discussed because
the piping connecting the two junctions contains no isolation valves.
The Low P:essure Injection System is designed with parallel flowpaths
throughout a majority of its length. A doubleton failure occurs where
two events are capable of simultaneously blocking both piping trains.
These interactions are shown in block "A" of the doubleton matrix.

. A copy of the material in this enclosure has been included at the
end of this section.
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At least one of the two Residual Heat Removal Pump trains must be
supplying water to the downstream common junction (JRHR). The
operational path must have its inlet (YGA735A or VGA735B), check (VC738A
or VC7388), and outlet (VGA739A or VGA739B) valves open while the
corresponding pump (RHRP31 or RHRP32) is running.

A minimum of one Residual Heat Exchanger must be able to supply water to
a downstream crosstie junction (J889 or J18698). Note that the path
through RHXR31 will be isolated if either of the motor operated stop
valves (MOY745A or MOV745B) is shut.

The Residual Heat Loop (RHL) must be able to discharge to the injection
leg header junctions (J838Q or J838R). Thus, at least one of the RHL
discharge legs must be able to pass fiow. Therefore, at least one set of
valves (HCV638/MOY747/MOV8998 or HCV640/MOY746/MOVBI9A) must be open.

In order for the LPI System to perform successfully flow from the
injection leg header junctions must reach the core through at least one
injection leg. This requirement will not be fulfilled if both injection
header leg junctions (J838Q and J838R) are simultaneousiy biocked. A
failure of only one of these junctions in coincidence with a block in the
opposite crosstie junction (J899A or J8998) would prevent flow from
reaching the core too. A similar condition could also arise if both
crosstie junctions (JB99A and J8998) were to become fouled.

2.4.1.4 Results for the Front-Line and Support Systems Acting
Together: Case 11

Additional singletons and doubletons are generated when the scope of the
analysis is expanded to include hardware failures of the support
systems. The Safety Injection Actuation, Electrical, and Component
Cooling Systems directly support the Low Pressure Injection System. The
Seryice Water System supplies cooling water from the Hudson River to the
emergency diesel generators. During a loss of offsite electrical power,
these generators power the RHR pumps. Thus, the Service Water System
indirectly supports the LPIS (see Enclosure 1.2).

A1l of the additional singletons we identified are due to the Component
Cooling System. The system is required to be filled when the RHR pumps
are operating. The water contained in the system piping provides a heat
sink for the RHR Pump Seal Heat Exchangers (PSHXR1871B and PSHXR1871D).

Three catastrophic breaks were identified in the Component Cooling
System. System water inventory will be lost if the Component Cooling
Pump inlet piping header between J760A and J760C is severed at both
junctions. This break is denoted by BRC760CJ760A on the digraph.
Similar failures (BRC762CJ760A and BRC765BJ765A) also occur at the cce
outlet piping header (J762A to J762C) and the Component Cooling Heat
Exchanger outlet piping header (J765A to J7658), respectively. Actually,
a break anywhere in the Component Cooling System without operator
isolation action wiil drain the piping. This effect is not evident in
our results because the CCS model was developed for the recirculation
phase where flow is required to cool the various components.
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The doubleton matrix has been divided into blocks corresponding to the
contribution from each system. First notice that the matrix is symmetric
and lettered sequentially starting from the upper left corner with the
letter “A". Blocks "D", "E", “F", "I", and "R" contain no doubletons.
Block “"A" was discussed in the previous section. Blocks “J", “0“, “S“,
and “U" are doubletons internal to an individual support system. They
will be 1ightly touched upon in this section. A discussion of these
systems is included in Section 2.2 and the models for these systems were
discussed in Section 2.3. Blocks "B", "C", "H", “L", and "Q" involve the
Component Cooling System. Based on previous discussion these blocks
contain no doubletons since all CCS breaks are singletons.

A1l other blocks represent intersystem contributions. The joint
contributions from the LPI and Safety Injection Actuation Systems are
contained in Blocks “G" and "P". These failures arise because none of
the RHR pumps are able to supply flow to the common discharge header
junction (JRHR). One RHR pump path fails because of electrical or
mechanical problems. The other path fails because its pump does not
receive the Safety Injection Actuation Signal. Loss of the dc
distribution panel (PNLDIS34) removes the source of power necessary to
energize the SI logic relays. Failure of a Channel 2 logic gate
(LGIOF2SIA2B) to indicate an abnormal condition also prevents the master
relay (RSI2) from changing state. The auxiliary relay (RSI21X) will fail
to close the Safety Injection Actuation Signal starting contact (RL3-16A)
of No. 32 RHR pump if the output of RSI2 or another Channel 2 logic gate
(LG20F2SIA2B) is not in the actuation state.

Failure of a Channel 1 meter relay (RSI1) to change state during an
abnormal condition prevents the auxiliary relay (RSI11XZ) from closing
the Safety Injection Signal starting contact (RL3-13A) of No. 31 RHR pump.

The contributions from the Low Pressure Injection and Electrical Systems
are contained in Block "K". As expected, one node of many doubleton
pairs consisted of a failure of an RHR pump 480V ac bus or dc control
pewer supply. The cther nodes of these pairs represent failure of the
opposite RHR pump path due to mechanical reasons. Bus failure can arise
from a loss of power (BUSn), an undervoltage condition (UVBUShn), or a
short circuit to ground (BUSn/ ) where “1" is the bus number (3A or 6A).
The remaining doubletons indirectly interact with the LPI system. These
doubletons appear because a Toss of some dc power supplies propagates
failure to the SIAS, which in turn affects the RHR pumps.

Block "M" contains the Service Water and Electrical System doubletons.
A1l of the pairs in this block result from a simultaneous loss of offsite
power anc 1iesel generators. Offsite power can be lost by a failure of
either the offsite power grid (SOURCE1) or the onsite Station Auxiliary
Transformer (STAUXXFMR). In this block the emergency generators are lost
because of a failure of Service Water cooling to the diesel engines. A
gi;cgss1on of the Service Water System is included in Sections 2.2.12 and

Blocks "J", “S", and "U" are composed of doubletons intermal to the
Safety Injection Actuation System. Many of these doubletons represent a
simul taneous failure of both SIAS channels. Since RHR pump No. 32 starts
on receipt of a Channe! 2 SI signal and RHR pump 31 starts on receipt of
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either a Channel 1 or 2 signal, failure of both SIAS channels prevent
both pumps from starting automatically. A pump will also not start if an
undervoltage condition is sensed on its bus. Combinations of
undervoltage conditions (RL27-...) and failures of SI relays (RL3-1...)
can prevent both pumps from starting. Refer to Sections 8.7 .31,
and 2.3.2 for a complete description of the system.

Blocks “N" and "T" contain the Electrical and Safety Injection Actuation
Systems doubletons. A1l of these failures propagate so as to prevent
both RHR pumps from starting. Three basic types of failures were
identified, any one of which could be one half of a doubleton pair.

The first category is based on the ability a RHR pump to obtain
electrical power from its bus. Category 2 relates to the availability of
the dc supplies which power the SIAS circuitry. The operation of the
SIAS components downstream of the dc power supplies forms the basis of
the third category.

The Category 1 failures were previously decribed in the Block “K“
section. A more complete description of the second and third categories
can be found in Sections 2.2.7, 2.3.1, and 2.3.Z.

Block "0" is composed of doubletons internal to the Electrical System.
Most of these doubletons consist of combinations of the Category 1 and
Category 2 failures described previously. The remaining doubletons
consist of a loss of offsite power (SOURCEI) or the Station Auxiliary
Transformer (STAAUXXFMR) combined with a failure of any of the following:

Bus Tie Breaker 3A-6A interlock (ITLBKR3ATGA).

Bus Tie Breaker 2A-5A interlock (ITLBKR2ATSA).

Compressed air in the diesa] generator receiver {TTRCYR31).

Failure of the bus tie breaker 3A-6A interlock prevents the diesel
generators from powering the RHE pumps (see Section 3.1 for a further
discussion of this significant systems interaction).

Compressed air is required to start the diesel generators.

2.4.1.5 Results for the Front-Line and Support Systems Actin
ngefﬁir with Common Location Vu'lneraB?'l‘Hes

Additional singletons and doubletons are generated when the scope of the
analysis is expanded to include the effects of common component
Tocation. Three singletons and three doubletons were found to be
significant (see Enclosure 1, Case III).

The RHR pumps share a common room; consequently, they are susceptible to
fire (LFRHR), steam (LSRHR), or flooding (LWRHR) failures. Possible
location effects were also identified in the 888 room and the Residual
Heat Exchanger portion of the Containment Building (see Figures B.1.1C
and B.1.2C). The motor operated valves in these areas, however, are
normally correctly aligned and do not require repositioning. The
controllers which operate these motors are located in the switchboards,
not at the motor. Thus, accidental operation®due to steam shorted
contacts s also impassibie.
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The other two singletons consist of the electrical locations LOCD and
LOCS. LODC includes the 15 foot elevation of the Control Building where
BUS 3A and BUS 6A (the RHR pump power suppiies) share a common location.
The Central Control Room (LOCS) houses both PNLDIS32 and PNLDIS33, the
RHR pump motor controller supplies.

At the 33 foot elevation of the Control Building is a cable spreading
area (LOCR) which contains the dc controller power supply for RHR Pump
No. 32. Thus, this location forms a doubleton with RHR Pump No. 31.

The two remaining locations (LOCA and LOCC) represent the 6900V
switchgear and the Station Auxiliary Transformer. They form doubletons
with the Service Water System because of the cooli ng of the emergency
diesel generators by the SW pumps.

2.4.1.6 Results for the Front-Line and Support S stems with
Common Location Vulnerabilities ang Operator Action
In this section the effacts of operator action, beth failure of the
operator action to perform a right action (OPR) and operator perfoming a
wrong action (OPW), were analyzed. Only the differences between the

prevﬂl:u§ sections and this section will be discussed (see Enclosure 1,
Case IV).

Several incorrect operator valve manipulations were fdentified as
singletons. These actions are the shutting of the RWST isolation
(OPWB45), the RHR pump suction isolation (OPW882), and the RHR pump
discharge isolation (OPW744) valves. However, Indian Point-3 has taken
safeguards with these valves. Deliberate effort is required to
reposition these vaives since VGAS4S is normally locked open and the
motor operated valves (MOV744 and MOV882) are de-energized open at their
motor control centers.

In Case I, II, and III, no operator action was allowed during the
accident; in Case IY, the operator takes actions that make him operate as
a "backup system“.

One of the singletons previously identified is reduced to a doubleton
because of the redundancy provided by the operator. Blockage in the pipe
reducer (PFR1810) can be bypatsed by the operator (OPRA898) who opens the
bypass valve (VGA898).

An OPW¥ node appears for each component that may be incorrectly operated
by manual intervention. The effect of these nodes is identical to that
described for the component itself.

The number of doubletons identified in the RHR pump starting circuitry
and SIAS circuitry is reduced because of the redundancy provided by the
operator (OPRSWMKYRP31C and OPRSWMRHRP32C) who manually starts the
pumps. The effect of the operators is quite dramatic when one compares
the doutleton matrix for the automatic case with that of the manual
case. Notice that the number of doubletons invol ving the Safety
Injection Actuation System has been drasticall y reduced.
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A1l of the singletons caused by breaks in the Component Cooling System
have been degraded to doubletons because of the actions taken by the
operators to isolate these leaks. The operator may also refill the
system if an excessive volume of water was lost through a break.

The doubletons identified in the electrical system which involve the
Station Auxiliary Transformer, the diesel generator air receiver, and the
bus tie breaker irterlocks have been elminated because of the redundancy
provided by the operator.

2.4,1.7 Effect of Mode! Corrections.

The reanalysis of System Combination 1 which included the corrections
given earlier showed no singletons than those already presented.
Approximately 350 new doubletons were found including doubletons related
to the infamous Battery 32. New doubletons were also found with Battery
31. These included:

BATTERY31 * PNLDIS34P, etc. Distribution Panel 34

BATTERY31 * LG20F2SIAZ2BH, etc. SI Actuation Logic Components

BATTERY31 * RSI21XZ ST Actuation Logic Components

BATTERY31 * PWRPNL32P Not Real since PWRPNL32P is a singleton
BATTERY31 * BATTERY32/P Short in Battery 32

BATTERY31 * FUSEPNL32/P Short in Fuse Pane)

BATTERY31 * PWPPNL32/P Short on Power Panel

BATTERY31 * BKRDPNL34/P Short in Distribution Panel Breaker
BATTERY31 * PNLDIS34/P Short in Distribution Panel

As stated above, we did not detect directly the singleton effect of the
Toss of BATTERY 32 due to the lack of a “NOT* gate in the DMA
methodology. In the DMA doubleton matrix for the revised model,
BATTERY32 is seen as a doubleton with ITLBKREGI. The IP-3 electrical
system specification (p 65B) states that the breaker BKR2AT3A will not
close unless the following conditions are satisfied:

1) Undervoltage on bus 3A

b) Tie Breaker 3AT6A opened

c) Normal bus feed breaker 52/3A is opened

d) Diesel generator 31 breaker (BKREGOO is closed supplying bus 2A
e) No faults exist on bus 3A or 5A.

The diesel generator breaker is controlled in our model by & component
called ITLBKREG] (Interlock breaker EGl1). Diesel 31 will net load onto
its bus if the bus is powered. The node DUMBUS2A represents the no
voltage state of the bus. Thus, any direct connection between DUMBUS2A
and ITLBKREG] will nodel the wrong condition. If a “NOT" gate is put
between DUMBUS2A and BKREGI and BKREG] is connected to BKR2AT3A, an
analysis of the digraph would show the not condition and hence BATTERY32
as a singleton. We could partially address this problem by identifying
any switch or interlock which depends on the success of another node by a
special symbol and then investigating each of the doubletons which
contain variables using this special symbol.
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In the digraph following prefixes have special meaning:

UV - Undervoltage Condition

UV' - Failure to detect undervoltage condition

ITL - Interlock

In the doubleton matrix for System Combination One, all components which
are doubletons with the following variables were investigated:

ITLBKREG!
ITLUV'BUS3AP
ITLBFBUS3AP
ITLBKR3AP
ITLBKR3AT6AP
ITLBFBUSSAP
ITLBKR2AT5AP
UVBUS2AP
UVBUS3AP
UYBUSGAP

The component ITLBKREG! is the interlock which prevents the BKREG! bus
tie breaker from closing. This breaker is in turn controlled by BKREGI]
which connects the diesel generator 31 to BUS 2A. BKREG! will remain
open (in our model in the failed state) if there is voltage on bus 2A.
Thus, any components which are doubletons with ITLBKREG! are actually
singletons.

The other suspect variables will now be discussed.
ITLUV"BUS3AP, ITLBFBUS3AP, ITLBKR3AP

This component is a doubleton with

UVBUSGAP -Undervoltage Sensor
TIMELONGSP -Special Condition Node
BATTERY32/P
FUSEPNL32/P Short Circuit
PWRPNL32/P
ITLBKR3AT6AP

This component is a doubleton with
STAUXXFMP Loss of Offsite Power
BKR5SAT6P
BUS6P
BATTERY32 Discussed Earlier
TTBATTERY32 Special Condition Node
Locce Location

Since Battery 32 is a “singleton”, this component is not relevant.
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ITLBFBUSSAP

This component is an interiock on the bus feed breaker (52/5A) for Bus
5A. This breaker is tripped by any of the following conditions:

a) Undervoltage on associated Bus (5A)

b) Manual Trip Button at Breaker

¢) Trip Switch in CCR

d) Trip Switch in Diesel Building

e) Overcurrent

None of these are “success' conditions as discussed above, so doubletons
involving this component are true doubletons.

UVBUS(2,3,6)A

These components are the physical devices which sense undervol tage on
their associated buses.

ITLBK 2AT 5AP
This component reads the state of BKR2ATS5AP which must be open for BKREG)

and BKREG3 to close. The breaker BKR2ATSAP is normally open so that
doubletons incliuding this component are true doubletons.

Comparison of Quantitative Results (Quantitative results are
discusggg in de n tion 4.1

The singletons found in the analysis of the upgraded model of System
Combination One are identical to those discussed earlier except for

Battery 32 related components. The addition of these components does not
significantTy change EEE quantitative results. The new model does
contain significantly more doubletons than before. The new components
which give rise to these added doubletons are listed below in Table

2-10. A comparison of the quantitative results from the earlier model
and the upgraded model can be found in Table 2-11. The third column in
Table 2-11 represents the effects of adding in the singletons which arise
from the Battery 32 singleton. There are six singletons which are
related to the Battery 32 failure. These are:

BATTERY32P
FUSEPNL32P
PWRPNL32/P
FUSEPNL32/P Short Circuits
BATTERY32/P
PNLDIS34/P
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Table 2-10 New Components in System Combination One.

BATTERY31/P  WIRO00 1 -7.520E-06

@ SHORT CIRCUIT TO GROUND DURING ACCIDENT

e BATTERY SHORTED TO GROUND DURING ACCIDENT
BATTERY32/P WIRO0O0 1 -7.520€-06

@ SHORT CIRCUIT TO GROUND DURING ACCIDENT

@ BATTERY SHORTED TO GOUND DURING ACCIDENT
BATTERY32 BATOOO 2 8.350E-05-8.350E-08

e BATTERY FAILS PRIOR TO OR DURING ACCIDENT
9 COMPUTED BY 2000HRS (INSPECTION PERIOD)/2 *8.35E-08/HOUR
3 REFERENCE IP PSS 1.6-164 AND TABLE 1.6.1-4
BATTERY3! BATO00 2 8.350E-05-8.350E-08

@ BATTERY FAILS PRIOR TO OR DURING ACCIDENT
8 COMPUTED BY 2000HRS (INSPECTION PERIND)/2 *8.35E-08/HOUR
e REFERENCE IP PSS 1,6-164 AND TABLE 1.6.1-4
FUSEPML31/P  WIR000 1 -7.520E-06
e SHORT CIRCUIT TO GROUND DURING ACCIDENT

FUSE' PNL32/P WIR000 1 -7.520E-06

2 SHORT CIRTUIT TO GROUND DURING ACCIDENT
BKRDPNL31P BKR213 1 -0.267E-05

@ BREAKER INADVERTENTLY OPENS

BKRDPNL 34P BKR213 1 -0.267E-05

e BREAKER INADVERTENTLY OPENS

BKRST6P BKR120 2 1.330E-03-0.267E-05

@ BREAKER FAILS TO CLOSE AND INADVERTENTLY OPENS
FUSEPNL31P FUS100 1 -8.320E-07

e FUSE PREMATURELY OPENS

FUSEPNL32P FUS100 1 -8.320E-07

e FUSE PREMATURELY OPENS  IP3 PSS TABLE 1.6.1-4 ITEM 36

LGIOF2SIA2AH SAR110 1 -2.430E-07

LGIOF2SIA2BH SAR110 1 -2,430E-07

LG20F2SIA28H SAR110 1 -2.430E-07

RB6ST6P SARI10 1 -2.430E-07

RLSI2A1I SART10 1 -2.430E-07

RLSIGATI SART10 1 -2.430E-07

ITLBFBLUS3AP SARI11 1 -2,430E-07
@ ELECTRICAL INTERLOCK FAILURE RELAY FAIL TO OPERATE

@ SIMILAR TO IP3 PSS ITEM 38

ITLBFBUS5AP  SARI11 1 -2,430E-07
@ ELECTRICAL INTERLOCK FAILURE RELAY FAIL TO OERATE
@ SIMILAR TO IP3PSS ITEM 38

ITLBKR3AP SARTIT 1 -2.430E-07
e ELECTRICAL INTERLOCK FAILURE RELAY FAIL TO OPERATE
@ SIMILAR TO IP3 PSS [TEM 38

ITLBKREGI P SARIIT 1 -2,.4306-07
@ ELECTRICAL INTERLOCK FAILURE RELAY FAIL TO OPERATE
0 SIMILAR TO IP3 PSS ITEM 38

BKR2AT3AP BKR120 2 1.330E-03-0.267E-05
@ BREAKER FAILS TO CLOSE AND INADVERTENTLY OPENS
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Table 2-11 Comparison of 0'd and Revised Model for System Combination One
OLD MODEL REVISED MODEL
WITH BATTERY32

REVISED MODEL

AS SINGLETON
Number of Singletons 17 17 22
Singleton Probability 8.05E-4 8.05E-4 9.0CE-4
Number of Doubletons 2105 2465 -
Doubleton Probability 3.51E-6 3.79E-6 -
Total Failure Probability 8.08E-4 8.08E-4 9.00E-4

Fully Automatic Mperation

Note that the singletons related to BATTERY32 cause only a 12% change in
the failure probability Thus, from a probabilistic reliability point of
view, the Battery 32 singleton is not significant. It does, however,
violate the single failure criteria.

Effect of PASNY Fix to BATTERY32 Singleton
After the Battery 32 singleton was discovered, the Indian Paint 3
personnel in conjunction with Westinghouse made a change which shorted
contact 52A/EG] in the 480 voit ac switchgear. The implementation of
this short in the digraph 1¢ the indentation of the following line in the
adjacency irput. (Appendix C)
ITUBKREGOP, AXFRBKR2AT3AP,]

This change removes the connection between the BKREG! interlock and the
crosstie breaker 2AT3AP. The DMA model was rerun with this change with
the quantitative results shown in Table 2-12.

REVISED MODEL MODEL WITH
WITH BATTERY 32 PASHY PATCH
AS SINGLETON
Number of Singletons 22 . 17
Singleton Probability 9.00E-4 8.05E-4
Number of Doubletons - 2640
Doubleton Probability 3.79E-6

Total Failure Probability 9.00E-4 8.08E-4

Table 2-12 Quentitative Effect of PASNY Battery 32 Patch
As can be seen from this table, the patch doesn't significantly affect
the overall failure probability (and unavailability). This effect points

out the danger in relying strictly on quantitative results as a measure
of safety.
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ENCLOSURE 1
A COMPLETE COPY OF THIS
ENCLOSURE CAN BE FOUND
IN VOLUME 1-B



ENCLOSURE 1
SYSTEM COMBINATION 1
MEDIUM LOCA WITH LOW PRESSURE INJECTION
CASE I - FULLY AUTOMATIC - FRONT-LINE SYSTEMS ONLY

SINGLETONS

2 LPI-MLOCAD
§  J7358D

5  J898y

5  J1863D

5 MOV882D

5 ¥C881D

: PP1735D

§  J735AD

6  PPR1BIOD
10 J111XD

10  JRHRD

10  J740AD

10  J636D

10  J883D

10  MOV744D
10  vC7410

10 J110XD
24 J18100
25  J290AD
25  J2000
25 PP1846D
25 HTRC8462D
25 VGAB46D
25 HTRCB46YD
25 PPR84ED
25 RWST 10

26 TTRWSTH20D

51 BRC8998J899AB
66 BRC745AJ74580D
68 BRC889J18698D
70 J7458D

FILE IDENTIFICATION:
REACH PAIR: = 1 J= 2
DATE: 8/13/84
ANSWER.POS FILE IS: DRO:SC1810MC3.POS
OUTPUT.DAT FILE IS: DRO:SC1810MOT.TRP
VARIAB.DAT FILE IS: DRO:SC1727MVB.DAT
RENUMSRT.DAT FILE IS: DRO:SC1727MRT.DAT
SIGMA P1 FILE NAME I5: DRO:SC1810MSI.C3
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MEDIUM LOCA WITH LOW PRESSURE INJECTION
CASE I -~ FULLY AUTOMATIC - FRONT-LINE SYSTEMS ONLY

DOUBLETONS

9
11
30
i
is
kL
40
44
47
L)




S TISMAVTT LVUA RiITH BUN TRRGIVARE aTWERwTawiy

CASE I - FULLY AUTOMATIC - FRONT-LINE SYSTEMS ONLY
VARIABLE LIST FOR SC1 CASE I DOUBLETON MATRIX

BB NN N M B B BB BBV BB Cv v

J745AD 3 J601CL 116 J7648L
RHXRI2Z » J801DL 118 J762CL
MOV74580 » J1871CL 119 BRC762CJ7628L
MOY745AD » YGL736AL 128 SRC762AJ7628L
YGATA2D 3 J736AL 129 ORFCCCWIIL
RMXR312 » PPR7I6AL 130 YCT61AL
YGA73580 » PSHXR1871DL 1 JAlL
J186780 3 PPR7SOEL 132 YGAT6ZAL
J101x0 » J7S0EL 133 J763AL
CON132252/RNR21 b1 ] YGL18710L 133 YGATS9AL
RMRP322 39 J18710L 133 JATL
J 186600 39 PP118710L 133 CCHXRSI1Z
vC73880 3 PPRIBZIDL 133 JAIO0L
J1070 3 YeL1871CL 132 VGAT65AL
YGAT3980 I YC7S0EL 133 JT64AL
JB306L » ORFCH468L 133 PPIT65AL
JBZ78AL » FIC646L 138 JISIAL
J6278BBL 3 ORFCH46AL 142 J7658L
J627BCL » YGL737AL 146 JT65AL
JASO2L » J6278L 213 J1190k
JO178L © CON91352/RHR1! 213 J98AK
J6018L o J&3808 213 J10938x
J6028L L) J83198 213 J1093AK
J602CL 8 J6388 213 J10930x
J1871AL A JB3BR3 213 Y80
YGL7368L & JEA1AB 213 J1095
J7368L b J6418 214 V98K
PPR7IABL e J6408 214 HTRCAOX
PSHXR18718L 49 J899AB 214 J&
PPR7500L 52 MOY899/8 214 J1068K
J7500L s2 AQV7468 214 JAO%
PP11B71AL 5 J713A8 214 JI21x
YGL187IAL 52 MCY6408 214 WTRCSX
J18718L 2 JBBIAB Zis VESEK
PP118718L §7 Ja99es 27 RIYNUDSONK
PPRIB71IBL s3 MOY89988 228 STRCTRINTRX
YGL187180 59 MOY7478 234 SWPWELL 1K
YC7500L 59 J73388 236 TRASHIK
ORFCH45BL 5 HCY6388 238 J131
FIC6ASL 52 Jae9ges 262 J1IIX
ORFUBA5AL 67 JBg’%n 243 J1328K
YEL7378L 69 J186980 260 CHNLDSK
JASO1AL a VEA760AL 260 CHMLDS X
JASOIL 2] J1805L 260 J9SAK
J7408D 8s PPR18BOSL 260 J95BK
YGAT3I5AD L1 J7E0AL 260 J95CX
J1867AD &8 BRC760AJ760BL 260 J 950K
J103xD % BRC760CJ7608L 267 JISFK
CON172152/RMR11 98 YGATS0CL 267 J1096AK
RHRP312 100 J760CL n J10968K
J18668D 102 JAS/L 215 J1094K
YC738AD 103 ORFC760CL 89 COL-R¥W-2K
J104D 104 CCwP3aL
YGAT39AD 108 JASSL
PP1739A0 109 ORFCT60AL
JALAAL 110 CCWP3IL
JALAL 11 ORFCCCW33L
JB30AL 112 vC761CL
JTiCS27 113 JARL
JE2TAL 114 YGA762CL
JO17AL 116 J7638L
J60ZAL 116 YGA7S9BL
JSO1AL 116 JARL

116 CCMXRS322

116 VYGAT65BL
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(SR R e s, - R L | e = NI s - o~ | £ n e fen e MLy
SYSTEM COMBINATION 1
MEDIUM LOCA WITH LOW PRESSURE INJECTION
COMBINED CASE II & CASF III RESULTS

CASE II FULLY AUTOMATIC FRONT-LINE AND SUPPORT SYSTEMS
CASE II FULLY AUTOMATIC FRCNT-LINE, SUPPORT SYSTEMS, AND LOCATIONS

SINGLETONS

LP1-MLOCAD
J73580

J8980

J18630
MOV8820
vC8810
PP17350
J735AD
PPR1810D
Jllixe

10 JRMRD

10 J740AD

10 J6360

10 J8830

10 MOY 744D

10 vC7450

10 LF888)

10 Ls888n

10 L WB88L

10 J110x0

Ji8100

J290AD

J2000

PP1B46D
WTRZB46ID
YCAB45D
HTRCB46YD
PPRB4SD
RWSTID
TTRWSTA200
LFRHRD

LSRHRD

LWRNRD
BRCE9IBJBIIAR
LFRHXRE
LSRHXRB
LWRHXRB
BRC745A) 74580
BRCB89J 186980
J74580
BRC760CJ7604L
BRC762CJ762AL
BRC765BJ765AL
LocoP LOCATIONS
LoCsP (CASE 111)
TESTELECP

FILE IDENTIFICATION:
REACH PAIR: = 1 J= 2
DATE: 8/13/84
ANSWER.POS FILE 1S: DRO:SCI810MC3.POS
OUTPUT.DAT FILE 1S: DRO:SCi810MOT.TRP
YARIAB.DAT FILE IS: DRO:S5C1727MVB.DAY
RENUMSRT.DAT FILE 1S: DRC:SCI1727MRT.DAT
SIGMA PI FILE NAME IS: DRO:SC1810MS1.C3

* ¥

g KW
A I I I T PRI PR PP I Y

“
e
3

* INDICATES LOCATION
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B R R N N N S N N N N N E NS MBS C s

JT745AD
RHXR 322
MOY74580
MOV 454D
VGA7320
RMXR31Z
YGA73SBD
J186780
J101XD

CON1B2252/RNR21

BS17RHRP320P
RHRPI22

J 186600
SENOTSRHRP320P
SWMOA 1 1RHRP32P
vC73880
J1070
¥YGA73980
J8308L
J627BAL
J6278BL
J6278CL
JAS02L
JO178L
J601BL
J6028L
J602CL
J1871AL
YGL736BL
J7368L
PPR7368L
PSHXR1871BL
PPR7500L
J7500L
PPI1B71AL
VEL1B71AL
J1871BL
PP11871BL
PPR1871BL
YGL18718L
YC7500L
ORFCE45BL
FIC645L
ORFCBASAL
YEL737BL
JASO1AL
JASO1L
CON91352/RNR21
CONZRNRP320P
RL27-6AX21
PWRPNL 32P
BKRD™NL 34P
J7408D
YGA735A0
J1867AD
J103XD

CON172152/RHR1]

BS17RHRP210P
PHRP31Z
J186680
SENOTSRHRP310P
SWMOA 1 1RHRPI1P
YC738AD

J1040

T L T T T T T T R I R L L e PR e T

YGAT39AD
PP1739AD
JALAAL
JAlAL
J830AL
JTic&7
J62TAL
JO17AL
J60ZAL
JEOIAL
J601CL
J601DL
J1871CL
VEL736AL
J736AL
PPR7I6AL
PSHXR1871DL
PPR7SOEL
J7S0€EL
VGL18710L
J18710L
PP118710L
PPR1S710L
v6L1871CL
YC7S0EL
ORFCH468L
FIC646L
ORFCOA6AL
YGL737AL
J6278L
CON91352/RMR11
CONZRHRP310P
PWRPNL 137
J83808
J6398
J6388
JB38RE
J6A1AB
J6418

J 6408
JB99AB
MOYBS9AB
HMOV7468
J733A8
HCY6408
JBB9AB
J89988
mOoY39988
MOV7ATE
J73388
HCY6388
J8a9sse
J889n

BRC760CJ7608L
YGA760CL
J760CL

JASTL
ORFC760CL
CCWP33L
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MLUIURA LULA RLTH LUR TRLOGURL ATWELTIURN
CASE II & CASE III (CONTINUED)
VARIABLE LIST FOR SC1 CASE II & III DOUBLETON MATRIX

JASSL
ORFC760AL
CCwP3IL
CRFCCCWIL
vC781CL
JAJL
YGA762CL
J7638L
YGATS98L
JABL
CCHXRSI22
YGA765BL
J7648L
J762CL
BRC762CJ7628L
BRC762AJ7628L
ORFCCCWIIL
YC761AL
JALL
YGATS2AL
J763AL
YGATSIAL
JATL
CCOMXRS31:
JALOL
YGAT65AL
J764AL
PPI765AL
J762AL
J7658L
J765AL
J119%0K
J98AX
J10938K
J1093AK
J10930K
¥YB30K
J1095K
YC98K
HTRC4AOX
J&
J1068K
JAOX
J1221x
HTRCE8X
89

# I YHUDSONK
STRCTRINTKK
SWPWELL 1K
TRASHIK
J131k
J13X
J1328K
CHNLDSK
CHNLDS X
J9SAK

J 958k
J95CK
J950%
JISFK
J1096AK
J10968x

J 1094
COL -R¥-2K

SW123456P

» oA,

el

693
718
718
719
728

PuwRPNLILP
PNLDISIIP
BKRDPNL 11P
PNLDIS34P
LG20F 25 [A2AM
LGIOF 2STA2AN
RS11¥
RS111x2
LG20F 25 1A28K
LGIOF2S IAZBM
RSIDH
RS121Xx2
STAUXXFMRP
SOURCELP
BUSIAP
BUSEAP
ITLBKRIATEAP
UVBUS3AP
UVBUSSAP
ITUBFRZATSAP

BATTERYIIP
FUSLPNLI)P
Locoe

BATTERYI2P
FUSEPNL32P
Locoe

LOCAP

Locce

LOCRP

BUS3A/P
BUSEA/P
BATTERYIL/P
FUSEPNL3L/P
PWRPNL 31/P
BKRDPNL 31 /P
PNLDIS31/?
BATTERYIZ2/P
FUSEPNLI2/P
PWRPNL 32/P
BXROPHL 34 /P
PNLDIS3A P
PWRPNL3I /P
CON2024S111X1
CoN9135121x1
CON20245S121X1
RL3-16A1
CON91327-6AX1
RL27-6Ax11
CON3927-6AX11
RL27-6AX41
CON3S27-6AXA]
RL27-6AX31
RL3-13A1
CON2627-3AX31
RL27-3AX11
CON3527-3AX11
RL27-3AX4]
CON3S27-3AXA1
RL27-3AX21
RL27-3AX31



ENCLOSURE 1
SYSTEM COMBINATION 1
MEDIUM LOCA WITH LOW PRESSURE INJECTION

CASE IVA & IVB - MANUALLY ASSISTED

CASE IVA - MANUALLY ASSISTED, FAILURE BY OMISSION

CASE IVB - MANUALLY ASSISTED, FAILURE BY OMISSION AND FAILURE

SINGLETONS

LPI-MLOCAD
J73580
J 898D
J18630
MOVES2D
0PW882D
vC881D
PP1735D
J73SAD

10 J111xp

10 JRHRD

10 J740A0

10 J6360

10 J8830

10 MOY744D

10 OPW744D

10 YC741D
=10 LF8880
*10 LS8380
=10 Lw888D

10 Jiloxp
J18100
J290A0
J2000
P2 18460
HTRC8467D
OPWB460
VGABAGD
HTRCB46YD
PPRBAED
RWST1D
TTRWSTH20D
LFRHRD
LSRHRD
LWRHRD
BRCB9I9IBIBIIAE
LFRHXRE
LSRHXRB
LWRHYRB
BRC745AJ7458D
BRCBESJ 186980
J7458D
BRC760CJ 760AL
BRC762CJ762AL
BRC7658J765AL
LOCOP
1159 TESTELECP

wmanihon v N

F -
CEBzxzedddeddlnnnnnnnnnny

* INDICATES LOCATION FILE IDENTIFICATION:

REACH PAIR: 1= 1 J= 2

DATE: 8/ 3/84

AN" ER.POS FILE 1S: DRO:SC1727MC4.POS

OU PUT.DAT FILE IS: DR1:[220,1]SC1727M0T.DAT
VARIAB.DAT FILE 15: OR1:[220,1]SC1727MVB.DAT
RENUMSRT .DAT FILE 1S: DR1:([220,1]SC1727MRY.DAT
SIGMA PI FILE NAME [S: DRO:SC1727MS1.C4

-133-

BY COMMISSION



IIZZIIIIIZIZIZI:IﬂZZ I:ZIEIIIIII
i it ol i st 2 b

.o:::t-.-l.,O.o
I
Cemoaltoo. o,

LI B R O O O O

wm
—

-
- ———
-
o

LR A

L )
L

R )

LN B B I I I B I N B B N B )

[ B I B BT B U TN N B B B A

3
.
| 4
l.l
n
o
2]
2
»
» - -
“ P — st emecltoti, ot 0 00,00
@ secccncossnccssssnssevsssense seesmesicesnicssanes®eoa
8 scsncvsccccccns®®eccosnnnnse B
M cecrcccnssncves®ecoePoenosocsanas csssssimcasssseseenne
L e A T T T P
R ceces cesnsssnsss®t ot ciaaa cssmsemessmeasensseww .
$ cece cerree®PLo® s cnnsn Pe s s emesiesnsnee - -
W e 00 e ansnee - -w -
F cwar cetw oo - -
o ... -comas .
B ccrsrccccrscncavravsonncsnnsesnsVossosmosvsanvnsnacoansas T R e - e
A e e I N N A N O OO O e
B cccccccrsnrcscnnnsncsncsncsssnsPaecscssscnassss®eccessnssssamesmesacevsnasenemansowns
B crcvceca®t scininsccscscnccsnsa®eloeccicononnsnsssnsnssePeaneeB@O0oL 0 0 00 0800 0000, .,.
I T T L L A L SR I IRy oapapapey 2 TURRE DR VR R I B B I
B ce- cesnne®? s cccnnnattoe ceeea®0l s nasa®t00, P s cncem® el i et e et
- csvsssnnscscscses®encncccsnosnmannesn cenesemeaenn
100 - ceePocobmaen®a.e cnoe®s .
= - cosemsemes sneweam
i cem .- PR —— -
108 amesmee sesssemensnense
108 ceecsssvssnscsscseassccscnnsncssnsoeossnssrssssasncesmecsnscssssnsnsnmsannses
108 cesscsscssnnsssiccsnersnsssscsPennsnsnncmssmeamessass e reeensnaresn
110 cevesensssamenses PenseanssssasesrPennssn samsemesheacnscsrrisanremennnemn
i I
m cesssenarsmscstininncncsnnsssescssPecnoe semsemeamess e st n et meam-. &
mn cecsncsss  mesaPaecseossesnssnncssoencsssasmcemcoamensasssssrnsamene .
14 - cemene®oaa -—-e --ea- . P I
116 -- cremescseseen o e sem e ceecscsnsses .
31 ) .- -m------ - “-eem e “ems s mm-.- .
11 PR e L. .. emeemessmessssssnsmnew -
B cccvoccrvsvsncssnssnsansscsnas®, -a® P R -
I cccrcncsnricncsncscsnsscscssmcsesleccoencsssssssssfivesssssssssmesmecsanssansssnsemessnssss
I R e T T T T T T N T T s T T Y Y Y Y Y Y YY" Y Y Y " Y Y TT"YT"TT"STTSTYTTT"T"T"T"T""T™TSSTY
18] cecccncnsvcnnsssnsvensmssns®oea - - B R T -
I8 ccccccsccccccncsssncssvracsenea - -- I T T T
I crvcvcsesvvoenncovssccosssmocssssee - B T
m SRR e e e e ee- - e - - s m-- - -eeEeEesesey e
W cnecvnce®tooe - chsele®.® ewesPaeacents
) A -t - ® o A .
g R - -e emeoeMonosloovesnsnenassssees
W) cecrcrcrvncsnancsanssssssnennee e emeeP®osncbosnevsnnsccnsosnss
ﬁ.-......---;----- == s ssPssesdessssnenmsonns:
cesseveneseses®® s pooesvesece®®eane -e cemeemPoeloecsnolocnnc’accnattie
Bl cccccccncns?? s cncssennans?®?  ccunesrse-csnssnnessssssuasncsw®e®iinceoenPancaatre
_— W e ccchn e et 22an PR e e T e R T i
- meee e P e SeceS s sessseE e
L ca®P @y, BRSO L OO OB Py o e
M cccccnccnna" - camenm® css=®aaccanres
T ceccannaere ePsanaPeoogy D T T .
N ccccccccscanc®r cemosone -e cecssasvsssesPacomesm®e?® e aowoeoPancsarton
i cecccccrcvsocsscnvcosvssvsancansncas cveees cosssvssnee®dlysamocnccnnosssnnscsnssnnsss
Nl crcovncnnasa®?,  crncnncnns®?, coeoecccsscscsscncssnsssnsss®acemesm®e® v oa®oenac®aswaaaton
Pl crccncanna®l®tr, ccccnsens®?, coevvacsnssnsnsssssnssanVaoe weaam®Pa?® . we?icecu®ecwaausron
PR ccccncce?l e ccccnscsncossnsse®ePloecnncnnssnancsssssscsas®aaea®ot 0 0 00 0000 _ 00000,
M cecncrcnnee®t  c s cce e - cesscssnsncsssssssPoeccmevm®i® i ianPiianPunaanton
U cvevvccacncocna? cenmewe cesssssancscssssnessoenepmecm®e® icneticac®anauarten
113 ccccvnncccen®® ceavnvasions “-eee ; -® s s Vi ncaro . L
U cccccnconccse?®® icccccnccisns cses - -® e e LR
H aAssassand® . _— >0 seee wo .o
D cssvemeoncwes®®srsocnnnossines [ ——— .. o ®e®, seee Ve o LR
N cccscsnccsvcea?®?®, ccncvaslens - csses - ®e® i echinn L
U coccvccencse®? i nccnccnsienece®?® i ccccncssssncnnssvssnssnss®®aon .-t......_---.- LR
HY) scvvcvocconn®Vi,00cscvsojoss®iscsncscsssncsnscssssrssnssslocscphesh®uiessc®anss cew
MM ccccnnccnca®? o cncnneaa®? it nnrcnnnnssncssasasssrioahecpm®o® L. .. vee
B crccccees®?  qeccccncsccvisncsncs®eadecocvossnsnssncssnsscsa®®ounsolotLat .00 reove >
Il concnaa®?, cncvnrnncnsosinsnses®ol,  cnvccsscsavssnnssns®amccfore, o 0o Teee P
M covconan®® oo ncvscsosniscsssv®slonsscansncsosnsnssnssescafdty ., ,0 00,0000 o
HE c f s cccccnsssccnnccsscsscisosssasssssosnsasnsssnssenssssasnnsssosameniposse «® fccs s cm s semn

DOUBLETONS
MEDIUM LOCA WITH LOW PRESSURE INJECTION
CASE IVA & IVB - MANUALLY ASSISTED (CONTINUED)
CASE IVA & IVB - MANUALLY ASSISTED
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VARIABLE LIST FOR SC1 CASE IVA & IVB DOUBLETON MATRIX

CON182252/RHR2]
BS17RHRP320P
RMRP322
J186600
OPWRHRP32D
SENOTSRHRP320P
SWMOA 11RHRP32ZP
vC73880
J1070
YGA7398D
0Pw7398D
OPWRHRP32E
JB308L
J627BAL
J6278BL
J6278CL
JASO2L
JO178L
J601BL
J6028L
Jso2CL
J1871AL
VGL7368L
OPW7368L
J7368L
PPR736BL
PSHXR18718BL
PPR7500L
J7500L
PPI1871AL
YEL1871AL

CASE IVA & IVB - MANUALLY ASSISTED

LR b e e e P R e T T

OPWIS71AL
Jig7is
PP11871BL
PPRISTIBL
YGL187iBL
OPW18718L
¥C7500L
ORFLBASBL
FICeas
ORFC4SAL
YEL7378L
OPWTI78L
JASOIAL
JASOLL
PWRPNL 329
BKROPNL 34P
SWRS P
J74080
OPW735AD
YGA73SAD
J1867AD
J103x0
CON172152/RHR11
BS1TRMRP310P
RHRP312
J186680
OPWRHRP31D
SENOTSRHRPI10P
SWMOA 1 1RHRP21P
YC738AD
J1040
YGA739AD
OPW73I9AD
PPI73SAD
JALAAL
JAlAL
JB3CAL
JTIC62M
JE2TAL
JOI7AL
J602AL
JEOIAL
J601cL
J6010L
J1871CL

OPW736AL
J7I6AL
PPR73I6AL
PSHXR1871DL
PPR7SOEL
J75081
YGL1871DL
OPW1B71DL
J18710L
PP118710L
PPR1871DL
YGL1871CL
OPN1B71CL
YC750EL
ORFCH468L
FIC6A6L
ORFCE46AL
YSL7ITAL
OPWTITAL
Jeam
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PuRPNL 33P
OPRSWMRNRPIICP
J838egs
J6198
Jélse
Jalsrs
JE41AB
J641B
J6408
JB9I9AB
MOVEISAR

JASSL
ORFC760AL
CCWP3LL
ORFCICW3IdL
YC761CL
JARL
YEA762CL
0PW762CL
J7638BL
VYGA7598L
OPW759BL
JASL
CCHXRS322
YGAT658L
OPW7658L
J7648L
J762CL
BRC762CJ762BL
BRC762AJ76ZBL
ORFCCCW3IL
YC761AL
JALL
YGAT62AL
OPW762AL
J763AL
VYGATS9AL
OPWTS9AL
JANL
COMRS3NZ
JAloL

L

133
133
133
133
135
142
146

PNLDIS34P
LGIOF 2SIA2EN
RSI2H

RSI21x2
SOURCELP
BUSIAP

BUSSAP
UVBUSIaP
UVBUS6AP
Locce

LOCRP

LOCSP

BUS3A/P
BUS6A/P
PWRPNL 32 /P
BXRDPNL 34 /P
PNLDIS34 /P
PWRPNL 33 /P
CON913S121X]
RL3-16A1
CON91327-6AX3)
RL27-6AX1]
LOK3927-6AX11
RL27-6AXA1
CON3S27-6AXA1
RL27-6AX31
RL27-3AX11
CON3527-3AX11
RL27-3AXA1
CON2527-3AX4]
RL27-3AX21
TRIPMASTER

* INDICATES LOCATION



2.4.2 Medium LOCA and Loss of High Pressure Injection

2.4.2.1 Introduction

Figure 2 shows that core melt could potentially result from a loss of
High Pressure Injection during a given, but unspecified, medium (2“-6"
pipe rupture) LOCA. In this system combination we have looked fcr
singleton and doubleton failures that could cause failure of the High
Pressure Injection system during a medium LOCA. The High Pressure
Injection system has the following support systems: the Safety Injection
Actuation system, the Electrical system, the Component Cooling system,
and the Service Water system. Figure 2.9 shows the connectivity of these
systems.

2.4.2.2. Failure Criteria of Individual Systems

High Pressure Injection
For the smalTer range of medium LOCAs two out of three high head

injection purps may be required to deliver sufficient flow to the reactor
coolant system. The charging rumps are not considered.

Support Systems
Electrical Jystem
The electrical block and break models are included in this system
combination in the same manner as ali of the other combinations.
Electrical systems are needed for Safety Injection Actuation, motor
operated valve actuation, and for pump operation.

Component Cooling System
«n this system combination, a Component Cooling System failure represents
failure due to a pipe break. The assumption {s made that, although the
safety injection pumps dc not need companent cooling water circulated by
the component cooling pumps, water must be available in the pipes to act
as a heat sink and be circulated via the mini-pumps attached to the
safety injection pump shafts. For this reason, a block in component
cooling which keeps the component cooling pumps from functioning would
not necessarily result in overheating of the SIPs.

Service Water System
The Service Water tystem is needed in this system combination 7or support
of the diesel generators only. Since heat removal from the residual heat

exchangers is nct necessary for the component cooling system operation,
the SWS is not needed.

Safety Injection Actuation
The Safety .’E;ection Actuation system is required in the automatic mode
in order to start the Safety Injection System. (In the manual case there

are redundant operators to initiate SI).

The digraphs for the above systems are located in Appendix B and the
alpha input lists are in Appendix C.
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Figure 2-9
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2.4.2.3 Results for the Front-Line Systems Act Alone: Case I

A1l singleton variables contained in node number 328 relate to the RWST
and the piping from it to the first junction where flow can go in one of
two directions (see Enclosure 2, Case I). TTRWSTH20D is a node which
represents filling of the RWST at some time prior %o the accident.

RWSTID represents the RWST in an available state. PPR846D is the pipe
reducing element just outside the RWST. Immediately after the pipe
reducing element is some heat tracing named HTRC846YD which preceeds the
gate valve VGAB46D. This valve is locked open. Following the valve is
more heat tracing (HTRC846ZD) and a pipe increasing element (PPIB46D). A
vent is the next item in the flow path which connects to the pipe
Junction (J200D), followed by another junction (J290D) which leads to the
charging pumps (see Figures B.1.1.A and B.1.2.A).

In addition to the above nodes, other singletons to the front-line system
include J1810D (tne junction which splits the piping between the SIPs and
the RHRs), MOV1810D, VC847D, J203D (all in 1ine to the header prior to
the SIPs).

The next node in line to the SIPs is the Junction (J203AD) which connects
the input pipe to the header.

J1829D is a singleton in this system combination since 2 SIP¢ are needed
for a medium LOCA. If there is a block at J1829D, flow can only get to
SIP31 whick is insufficient.

BRC852BJ852AA represents the low probability event of a double-ended pipe
break on the output header of the SIPs. A break of this type would not
be mitigatable without shutting down high pressure safety injection.

HPI-MLOCA is the terminal node for this systam combination. This necde
represents the core and its need for cooling.

The front-line doubletons can be found by referring to the first block in
the upper left hand corner of the doubleton matrix (see Enclosure 1.1).

Rows 38, 41, and 42 each represent one SIP and the pattern that depicts
the fact that any two pumps are sufficient.

Looking next at Row #235 displays the redundancy of a two train system.
Since the reactor is assumed to be scrammed at the start of the accident,
the Boron Injection Tank (BIT1) is not needed. For this reason, either
the path without the BIT (condensed node number 235) or the BIT path
which includes node numbers 173, 177, 241, 249, and 267 form doubletons.

The next group of interest involves a square including rows and columns
number 286 through 322. This cluster of nodes again represents the three
SIPs and the need for at least two of them functioning. These nodes are
on the length of pipe from the pumps to the output header of the SlPs.

¥ Toples of the materials included in Enclosure 2 can be found at the
end of this section
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Row 334 is the junction from the SIP intake header to SIP31. This
junction is a doubleton with any other node which keeps flow from either
of the other two pumps.

2.4.2.4 Results for the Front-lLine and Support Systems Acting
ogether: se

The singletons added due to support systems' failures include only those
from the component cooling break model as well as an electrical model
test node.

The nodes condensed into #371 (J830BL, J627BAL, J6278BL, J787L, VGL787,
FIC634BL, JAS9L, J749EL) are all on a direct line from the output of the
secondary component cooling side of SIP32 and SIP33 to the component
cooling pump intake header. A break in this line would drain the
component cooiing piping rendering it useless as a heat sink for the
SIPs. Since the scemario includes a medium LOCA, the one intact pump
SIP31 is not sufficient and would eventually be void of water also
(assuming no mitigation). The two trains are designed so that they can
be isolated in the event of a break in one train but this requires
operation action.

The above description applies to all the piping Teading to the safety
injection pumps as well. These nodes include #430 (JAS02L, J601BL,
J602BL, J602CL, J765B1) and #441 (J602DL, J756CL, J7498BL).

In addition to the above component cooling nodes, there are four break
nodes which are included as worst case, double-ended pipe breaks on the
input and output headers of the component cooling pumps as well as the
output header of the component cooling heat exchangers. A break of this
nature would not be mitigatable. These nodes are BRC760CJCJ760AL,
BRC762CJCJ720AL, BRC765CJCJI765AL, and BRC760CJCJ760BL.

The Tast node (TESTELECP) is a test node in the electrical system which
is included for checking results only. It represents failure of the
entire electrical system.

Referring to the doubleton matrix in Enclosure 2, Case II, it is easy to
see that the vast majority of doubletons revolve around the safety
injection pumps and the associated piping with each pump. In order to
see this, note the columns which contain the SIP nodes (38, 41, 42, and
272 through 322). Following these columns down through the support
systems yields nearly all or the doubletons.

The matrix blocks have been labeled with letters “A" through “U".

The doubletons located in the blocks on the diagonals ("A", “C*, “F",
“J%, "U") represent doubletons within a system. For instance, a star in
the second block "C" on the diagonal would indicate two failures required
within the component cooling break model.

Block "A" is discussed in this section as front-l1ine system alone.

The doubletons in block “B" represent a break in one train of the
component cooling system along with the failure of a component which
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takes out one of the pumps that is on the other component cooling train.

Since the service water system is not required for component cooling heat
removal, no doubletons are located in blocks “D" or “E". Also, there are
no doubletons in block “F“ means that there are no two failures within
the SHS]which could result in failure of the diesel generators to lead to
core melt. ‘

Block “G" doubletons arise because of failures in a relay that disables
safety injection actuation to one pump along with another failure in the
safety injection piping which yields another pump failure.

Doubletons which arise because of failures in safety injection actuation
relays (the same as block “G") and breaks in component cooling which
result in failure of another SIP can be found in block “H“.

Failures in safety injection actuation result from loss of a dc
distribution panel (PNLDIS3! or PNLDIS34) which 1s responsible for

providin? the source of power necessary to energize the logic relay (RSIN
and RSI2).

Block “"I" has no doublecons for the same reason discussed above for
blocks “D" and “"E".

Block "J" doubletons result from the above two distribution panels
failing or the above two logic relays failing together, resulting in the
failure of safety injection actuation. Either of these yields

simul taneous loss of both SIAS channels.

The next block ("K") as well as block “L* include doubletons due to loss
of power to the SIPs. These failures result in two out of three pump
failures in the same way that the safety injection actuation blocks were
described. The difference is in the way the pumps fail (not actuated vs.
no electrical power).

Block "M" is the only block which contains joint contributions which
include the Service Water system. If the Service Water system fails to
cool the diesel engines, then the emergency generators will fail. The
doubletons result from loss of offsite power and simultaneous 1oss of the
diesel generators.

Block "N" involves the doubletons resulting from failures in one channel
of SIAS and the electrical system failing in such a mode that takes out
the other channel.

THe SICON blocks represent failures in the connections from the safety
fnjection actuation system to the equipment vital to the SIPs. These
connections rejresent failure of the contacts or failure to propagate the
SI signal fro= the above referenced relays. The same equipment referred
to fn block “G" and "H" is responsible for the other half of the
doubleton pair in blocks "P" and “Q" respectively.

Block “R" 1s empty because of the same reasons for the Service Water
system discussed above.
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Block “S" shows doubleton pairs with connections from SICON combining
with the opposite logic relay in SIAS.

The doubletons in block “T* are similar to the ones in block “N* except
that the faiiures are represented by the connections rather than the
relays themselves.

Block "U" is simply the connections from one charnel in SICON with the
connections from the other channel.

2.4,2.5 Front-Line Sugport S stems and Location
Vulnerabilities: Case 111

The addition of location considerations adds six new nodes to the
singleton list. THese six nodes represent four different locations in
the plant.

LFSIPD, LWSIPD, LSSIPD represent fire, flood, steam vulnerabilities
(respectively) in the Safety Injection Pump Room. This room contains all

:hree SIPs as well as much of the piping and valves related to SIP
unctions.

LOCDP is the Control Building at 15 feet elevation. This location is
common to buses 2, 3, 5 and 6 which, if failed, would result in the loss
of all three SIPs,

The Control Building is also covered by LOCRP (33 feet elevation). This
is the cable-spreading area. PWRPNL #31, 32, and 34 are all affected by
this location, which will also cause the SIPs to fail.

LOCSP is the location of the Control Room. This location is a singleton
because the dc distribution panels are located there, and they are needed
to close the starting circuit relays to the pumps.

Location doubleton contributions because of the Boron Injection Tank room
add five more rows of doubletons. These rows contain only the single
node #235 which represents the path to the core which bypass the BIT. If
something should block this path and a problem occurs in the BIT room, it
is possible to lose both paths to the core.

LFBIT, LWBIT, and LSBIT represent fire, flood and steam problems in the
BIT room. LF1835, and LS1835 represent fire and steam problems in the
room with valves 1835A and B. There is & direct connection on the floor
back to the BIT room which means that both rooms are susceptible to the
same flooding conditions.

LOCAP and LOCCP are locations which act in the same manner. The
lTocations are responsible for the failure of the station aux transformer
which is the backup offsite supply of power. The Service Water system
provides cooling to the diesel generators which are the onsite supply of
power. These are redundant sources.

-
LOCHP is the name of the common location for Motor Control Centers 36A
and 36B. MCC36A and 36B provide redundant power to all of the valves in
the Safety Injection system. Loss of both trains as well as a loss of
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the path which bypasses the BIT would result in core melt since flow
could not pass through the BIT because the isolation valves would be

closed.
2.4.2.6 Frcnt-Lim! S%gort sttens, Location Vu‘!nerabﬂities,
ar eration Action: CLase

Operator action usually means that redundancy is introduced because of
alternate paths and component actuation as a result of the operator
acting as backup. Therefore, the number of singletons is normally
reduced. However, allowing the operator to act means allowing him to
have incorrect action as well as correct action. This introduces OPWs
(operatorx- ?oing the wrong thing' into the singleton 1ist (see Enclosure
2, Case 1IV).

In system combination 2, the singletons which were removed due to
operator redundancy fell into two groups. The first group included
J18290, J203AD, J203D, VC847D, and MOV18i0D. These nodes are no longer
singletons because flow can be routed throuch VGA898 or, if necessary,
through the RHR pumps and back through MOVB88A and B to the SIPs.

Tie second group eliminated a location (LOCSP) which depicts the Control
‘oom. The distribution panels are located there and are needed to close
che starting circuit relays to the SIPs. In this case, the operator can
close these relays manually providing redundant operatior.

There are two added JPW singletons which include the closing of valve
VGAB46D. This valve is the gate valve on the pipe from the RWST and is
locked open.

The second OPW is located in the component cooling break model. This OPW
(CPW787) represents the extremely low probability event of an operator
facilitating a break in m This particular break is located on
the return line from the SIPs (on the train which contains two SIPs).

Since there are now three paths to the SIPs, the singletons in the
automatic case (MOV1810, VC847, and J203) are now reduced to tripletons.

An operator action that hinders rather than helps the system results from
the fact that an operator can turn the SIPs off using switch 5 (SWRS6P)
from the change over to recirculation phase if the SIAS is not present.
These doubletons are shown on block “G*. The SIAS could be terminated
because of hardware error or an operator could turn it off.

The blocks representing SICON are basically unchanged from case 3 since

an operator is not redundant to any of this hardware. The doubletons

represent the failure of connection from safety injection actuation

ahzfccting one pump with the failure of another pump or its associated
rdware.

The doubleton matrix has been reduced substantially due to increased
redundancy in all blocks except the component cooling break model and the
electrical system. This is because there are no alternate ways for an
operator to reroute flow in the CCS or the EPS. In addition, there is no
operator mitigation action modeled in the CCS Break model,
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The major change in the doubleton matrix involves the addition of two
alternate methods of getting RWST water to the SIPs. The first method
utilizes VGA898 - a valve at the junction just past the junction to
MOY1810. An operator can pen this valve and allow the delivery of water
to the SIPs ir the event that the normal path is blocked.

The other path which bypasses both MOV1810 and VGAS98 involves routing
flow from the RWST to the RHR pumps, to the residual heat exchangers, and
back to the SIPs via MOV88BA and B. (An operator must cpen these valves.)

Summa r
There were no safety violations found in this system combination.

Since the combinations chosen for injection assume that the reactor is
scrammed, there is no requirement for Boron Injection. This yields a
high pressure safety injection system which is much more redundant and
robust than an accident sequence involvi ng the need for Boron would
provide. This is the reason that the valves which isolate the 3oron
Injection Tank are not more visible as cutsets than they are. The path
which bypasses the BIT provides all that is necessary to supply the core
with sufficient coolant in these system combinations.
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ENCLOSURE 2

SYSTEM COMBINATION 2

MEDIUM LOCA W

ITH HIGH PRESSURE INJECTION

CASE 1 - FULLY AUTOMATIC - FRONT-LINE SYSTEMS ONLY

27
317
324
327
328
328
328

328
328

BRC8S52BJBSZAA
J 18290

J203AD

J18100

J290AD

J20Q0

PP1846D

MOV1810D
vC8470

SINGLETONS

328 HTRC8461D
328 VGAB46L
328 HTRCB46YD
328 PPRB46ED
328 RWST1D

329 TTRWSTH20D

FILE IDENTIFICATION

REACH PAIR: I= 1 J= 43

DATE: 6/12/84

ANSWER.POS FILE IS: DR1:[220,1)SC2607MC3.POS
OUTPUT.DAT FILE IS: UR1:[220,1)SC2607MOT.TRP
VARIAB.DAT FILE IS: DR1:[220,1]SC2607MVB.DAT
RENUMSRT.DAT FILE 1S: DR1:[220,1)SC2607MRT.DAT
SIGMA PI FILE NAME [S: DR1:SC2607MSI.C3
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ENCLOSURE 2
SYSTEM COMBINATION 2
MEDIUM LOCA WITH HIGH PRESSIRE INJECTION
CASE 1 - FULLY AUTOMATIC - FRONT-LINE SYSTEMS ONLY
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MEDIUM LOCA WITH HIGH PRESSURE INJECTION
CASE 1 (CONTINUED)
VARIABLE LIST FOR SC2 CASE 1 DOUBLETON MATRIX

PPR18100
J73580
J18630
MOvV8820
vCas10
PP17350
J735AD
JBBBAD
J1330
J1869AD
J1150
J1140
J111x2
JRHRD
J740AD
J6360
J8a30
MOV7440
vC7410
J110x0D
VCBS7AA
JB857GA
YCB57GA
JBS6AA
MOVBS6AA
FES26A
JBSTAB
PATHESTAD
VCB8STAE
J1128E
vC857uUA
JBSTWA
VCBSTWA
J856KA
MOVESEKA
FE982A
PPR9B2ZA
J8s7us
PATHESTDD
YC89708
J1398
$1P332
ORFCRI3A
YGAB48BA
JiB19CA
J947A
PPRI4TA
sip32z
ORFCR32A
J1819BA
SIP312
ORFCR31A
YGAB4BAA
CLL4BRID
CLLIBRID
J926AA
J983A
J8s58sA
J117A
J1178A
HTRCI17A
J117AA

178
7
228
23%
23%
238
235
235
235
235
238
24
241
24)
24)
28]
24)
24)
24]
24)
241
4]
24)
24)
24)
24)
24)
24]
- 242
% 246
» 247
48
249
249
249
245
249
249
249
249
w 258
» 259
267
267
267
267
272
274
275
276
2N
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J 980
J9268A
J981A
JBS8AL
J1837A
J116A
JBS53AA
JBS2AA
JBS3ICA
ORFCB53A
J18358A
J1821A
NTRC1821A
J1823A2
J18422
PPRIBAZA
BITIa
J1B42A
J1B47A

J 18482
NTRC1B22A
J1822A
HTRC1848AA
HTRC1B488A
HTRC106A
J106AA
J1068A
LF1835A
LWBITA
LS1835A
J1844r
ORFC916AA
F1916A
ORFC9168A
J916A
HTRC916A
YC1845A
YGL 18462
J1846A
LFBITA
LSBITA
J18528A
J103A
JB8538A
JBS52BA
PP1B508A
MOY19028A
MOY19018A
YCBASBA
JSIPI3A

T J8518A

JBS1AA
JSIPI2A
PP18S0AA
MOY1902AA
MOY1901AA
YCBASEA
JSIPIIA
JBB7AD
MOVB87AD
MOYB8780
J2030
vC847D
MOY18100
) 8980

333
33
338
« 136
% 337
a 350
« 35
x 352
= 353
» 3154
w 355
35¢
387
358
358
362
406
423
447
445
4“7
445
453
456
458
460
466
469
47]
473
869
879

PP20IC
Jlgioma:
LERHRL
LSRHRD
LWRNRD
LFB88L
LS888C

L w888l
LFRECD
LSRECD
LWRECT
BRC745AJ 74580
BRCBBSJ 186580
J7458C
JBSTAL
J8s70L
CCHXR$322
CCHXRS312
BWCL54A2
BwCl 5487
sIPC2
OCLs1P312
BWCLSSAZ
BWCL5587
s1pC327
(CLSIP322
BWCLS6AZ
BWCL5687
SIPCI3Z
0CLS1P332
RSI1IXZ
isi21x2

* INDICATES
LOCATION



ENCLOSURE 2
SYSTEM COMBINATION 2
MEDIUM LOCA WITH HIGH PRESSURE INJECTION
CASE II FULLY AUTOMATIC FRONT-LINE AND SUPPORT SYSTEMS
CASE II1 FULLY AUTOMATIC FRONT-LINE, SUPPORT SYSTEMS, AND LOCATIONS

SINGLETONS
» B LFSIPD
A » LWSIPD

« & LSSIPD
43 NP -MLOCAD
m BRCBS2BJESZAA

w7 J18290
324 J203AD
n J18100
328 J290AD
28 J2000

328 PP1846D
328 HTRCBAEZD
28 YGAB4SD
28 HTRCBAGYD
328 PPRB4GD
28 R¥STID

n JB308L

mn J627BAL
mn J6278BL
m J627BCL

78 BRCT60CI 7T60AL
384 BRC760CJ7608L

389 J760CL

39 PPREZ7BCL

9 J787L

M1 YGLTA7L

391 FIC634BL

kL) JAS9L

391 JT49EL

410 BRC762CJ762AL
430 JASQ2L

430 JO17BL

430 J601BL

430 J6028L

430 J602CL

a2 J785BL

434 BRC765BJ765AL
“] J6020L

4 J756CL

“j J7498L

* 1241 LOCOP

v 1244 Locap

* 1248 Locse
1489 TESTELECP

* INDICATES LOCATION

FILE IDENTIFICATION:
REACK PAIR: [= 1 Je 43
DATE: 6/12/84
ANSWER.POS FILE IS: Nl:[l?ﬂ.l]SC“MRJ.NS
OUTPUT.DAT FILE IS: DR1:(220,1)5C2607MO0T. TRP
VARIAB.DAT FILE 1S: DR1:(220,1]SC2607MVB.DAT
RENUMSRT .OAT FILE 1S: DR1:[220,1)SC2607MRT.DAT
SIGMA P1 FILE WAME 1S: OR1:SC2607MS1.C3
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MEDIUM LOCA WITH HIGH PRESSURE INJECTION
COMBINED CASE II & CASE III (CONTINUED)

DOUBLETONS

MATRIX TOO LARGE TO INCLUDE - SEE VOLUME I-B - ENCLOSURES
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42
a2
L

MEDIUM LOCA WITH HIGH PRESSURE INJECTION

VARIABLE LIST FOR SC2 CASE II & II1 DOUBLETON MATRIX

PPR1BIOD
J73530

J18630
MOVB820
vCaelo
PP17350
J735A0

JB8BAD

J1330

J1869AD

J1150

J114p

J111x0

JRHRD

J740A0

J636D

J8830

MOV744D
vC7410

J110x0
VCBSTAA
JBS7GA
YCBS57GA
JB56AA
MOVES6AA
FES26A

JBSTAB
PATHBS7AD
YCBSTAB
J1128E
VC857UA
JBSTWA
YCBSTWA
JBSEKA
MOYBSEKA
FE3B2A
PPRYB2A
JB57u8
PATHBS7DD
YC89708

J1398

S1P332
CON192352/5131
B851451P330P
SENOTSSIP330P
SWMOA1151P33P
ORFCR33A
YGAB4BEA
J1819CA

JHMTA

PPROATA
sip32z
CON182252/5121
BS145]1P320P
SENOTSSIP320P
SWMOA1151P32P
ORFCRIZ2A
J18198A
S1P3i2
CON182252/5111
BS14SIP310P
SENOTSSIPI1OP
SWMOA11S1731P

* INDICATES LOCATION

CASE II & III (CONTINUED)

@
a2

173
177
m
i
m
1”m
i
178
227
228
235
238
235
235
235
235
238
235
24]
4]
241
24)
24]
24)
241
24)
24]
241
241
24]
24)
24]
241
241
241
242
246

« 247

249
249
249
249
249
249
249
249
249

259
267
267

274
275
276
277
278
i78

ORFCRIIA
YGABABAA
CLL4BRID
CLLIERID
J926A4
J583a
JB583A
J1174A
J1178A
HTRC117A
J117AA
J982A
J980A
J9268A
J981A
JBSBAA
J1837A
J116A
JBS3AA
JBS2AA
JBS3CA
ORFCB53A
J18358A
J1821A
NTRC1821A
J1823AA
J1B42A
PPR1842A
BITIA
J1843A
J18d7A
J1848A
HTRC1822A
J1822A
HTRC1848AA
HTRC18488A
HTRC106A
J106AA
J1068A
LF1835A
LWRITA
LS1835A
J1844A
ORFCY16AA
F1916A
ORFC9168A
J916A
HTRC916A
VC1B49A
YGL 1846A
J1846A
LFBITA
LSBITA
J18528A
J103A
JBS3BA
J8528A
PP185S0BA
MOY19028A
MOYV1901BA
VCBA9BA
JSIP33A
CON4852/5131
CON2S1P330P
PWRPNL 329
BKRDPNL 347
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$EEERRE

SwRS6P
JBs18A
JBSIAA
JSIP3Z2A
COonN2652/512!
CON251P320F
PWRPNL 3%
PPIBSOA2
MOY 1902