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ACRONYMSIN TEXT

ACND Auxiliary Condensate (system)

ACR Advanced CANDU Reactor

AFW Auxiliary Feed Water (subsystem)

AFW-IS Auxiliary Feed Water — Isolation (failure)

ASDV Atmospheric Steam Discharge Valve

ADW Auto De-pressurization Water (system)

AV-DGS<3  LessThan Three Diesal Generator Sets are Available
BPCC Boiler Pressure Control Cooldown (subsystem)

CcC Crash Cool-down (of steam generators)

CLPRV No LOCA viaD,0 Storage Tank (LRVsfail to reclose)
CLPS Consequential LOCA via pump seals

CND Condensate (system)

CsShv Condenser Steam Dump Valve

D1SW Division 1 Service Water

DECC Dormant Emergency (Core) Cooling (same as ECI)

DG Diesdl Generator

DG-AV=1 1 Diesel Generator Set Available

ECC Emergency Core Cooling

ECI Emergency Coolant Injection (system)

EFW Emergency Feed Water (supply from RWS to SG)

ET Event Tree

FBIO Feeder Break

FSB Feeder Stagnation Break

FW Feed Water systems (includes MFW and AFW subsystem)
FWBA Asymmetric feed water line break downstream of the SG check valve
FWBS Symmetric feed water line break upstream of the feed water LCV's
HEP Human Error Probability

HT Heat Transport

HTS Heat Transport System (same as RCS)
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IE
IE-FBIO
|E-FSB
IE-FWBA

IE-FWBS

IE-LCL4
IE-LOR
IE-MSL3
IE-PCTR
IE-PTR
IE-SCB
IE-SWD2
LCL4
LCV
LOCA
LOECC
LOR
LRV

LTC
LTC-ECC
LTC-SDC
MFW
MHS
MSL3
MSSV
OBPCC
OEFW
OMSSsV

OLTC-SDC
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Initiating Event
Initiating Event Feeder Break
Initiating Event Feeder Stagnation Break

Initiating Event Asymmetric feed water line break downstream of the SG
check valve

Initiating Event Symmetric Feed Water Line Break Upstream of the Feed
Water LCVs

Initiating Event Total Loss Of Class IV Power Supply

Initiating Event Loss of Regulation

Initiating Event Small Steam Discharge Causing Low Level in the Deaerator
Initiating Event Small LOCA - Pressure Tube & Calandria Tube Rupture
Initiating Event Small LOCA - Pressure Tube Rupture

Initiating Event Loss of Inventory in the Shield Cooling System
Initiating Event — Total Loss of Service Water of Division 2
Consequential Loss of Class 1V (4) power supply

Level Control Valve

Loss of Coolant Accident

Loss of Emergency Core Cooling

Loss of Regulation

Liquid Relief Valve

Long Term Cooling (system)

Long Term Cooling system - Emergency Core Cooling function

Long Term Cooling system - Shutdown Cooling function

Main Feed Water (subsystem)

Moderator (system) acting as active Heat Sink

Small Steam Line Break — causing Low Deaerator Level

Main Steam Safety Valve

Operator Starts Boiler Pressure Control Cooldown

Operator opens motorized valves for EFW water supply to steam generators
Operator Opens MSSV's

Operator Starts Long Term Cooling System in Shutdown Cooling Mode
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ORS
ORWS-HTS
PDS
PTHT
PSA
PTR
PCTR
RCS
ROP
RRS
RG0E4
RS
RWS
RWS-HTS
RWT
SCB
SCDF
SDS1
SDS2
SG
SGPR

SWD1&D2
TBD
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Operator Shuts Down the Reactor from the Main Control Room
Operator Starts Reserve Water Make-up to the Heat Transport System
Plant Damage State

Heat Transport Pumps trip on high upper bearing temperature
Probabilistic Safety Assessment

Pressure Tube Rupture

Pressure Tube / Calandria Tube Rupture

Reactor Coolant System (same asHTS)

Regional Overpower Protection

Reactor Regulating System (Setback and /or Stepback)

Operator Action — Switchyard restored in 60 minutes

Reactor Shutdown by SDS1 /SDS2

Reserve Water System

Water makeup from Reserve Water System into the Heat Transport System
Reserve Water Tank (a component of RWS)

Shield Cooling Break

Severe Core Damage Frequency

Shutdown System #1

Shutdown System #2

Steam Generator

Steam Generator Pressure Relief (system; includes ASDV's, CSDVs and
MSSVs)

Service Water (system) Division 1 & Division 2
To Be Determined
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1 INTRODUCTION

This preliminary event tree (ET) analysis report examines the responses of Advanced CANDU
Reactor™ (ACR™) to selected internal initiating events (IEs) that significantly impact Severe
Core Damage Frequency (SCDF) in existing CANDU®' reactors. Design targets for SCDF
valuesin the ACR are < 10" per year for an individual sequence, < 10°° per year for summed
internal events and < 10™ per year for summed internal and external events to be evaluated for a
mission time of 24 hours. The first two targets are guides, which are expected to yield the
summed SCDF for internal and external events prescribed by Reference [1]. Thisiswhy the
focus of thisreport is on the SCDF.

The main purpose of thisreport isto provide early inputs to the design teams regarding the
reliability/unavailability requirements on the ACR systems that are used for accident mitigation
as well as feedbacks on some of the system performance requirements. These inputs/feedbacks
are apart of iterative process in which the reactor design is finalized and optimized without
compromising nuclear safety.

The ACR is an evolutionary CANDU reactor design. Active systems used for accident
mitigation are functionally similar to those in the existing CANDU reactors. However,
improvements to the redundancy and reliability of these systems have been made and some of the
system performance characteristics have been enhanced (Reference [2]). A new design feature of
the ACR isthe Reserve Water System (RWS), which delivers emergency water by gravity into
various process systems to provide and/or facilitate an essentially passive, interim® heat sink.

At the time when the event trees in this report were developed, some of the ACR parameters
were tentative. In particular, the passive water supplies from the RWS to process systems other
than steam generators were not finalized. As aresult, the passive accident mitigation features of
the ACR are not treated systematically and comprehensively in this report. The Emergency Feed
Water (EFW) supply from the RWS is modelled, but the gravity water suppliesto the other
process volumes (i.e., to Heat Transport System (HTS)?, Calandria Vessel, End Shield Tanks and
Shield Tank) are not credited unless an ‘individual -sequence’ SCDF is close to its acceptance
value. Intwo of the event trees, the event trees were expanded to include the gravity water
supply to the HTS. Models of all passive water supplies from the RWS will be included in the

*

ACR™ (Advanced CANDU Reactor™) is atrademark of Atomic Energy of Canada
Limited (AECL).

T CANDU® (CANada Deuterium Uranium) is aregistered trademark of Atomic Energy of
Canada Limited.

An interim heat sink would typically last for the mission time of this report (24 hours)
and itstimely availability istreated as ‘ success’ in preventing fuel damage. However, an
active heat sink isrequired in the long term, which isimplicitly assumed to be provided.

2 The US terminology uses the Reactor Coolant System (RCS) instead of HTS. This report
uses the Canadian term and acronym.

10810-03660-AR-001 2004/01/28
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future. Meanwhile, the preliminary analysesin this report should be viewed as ‘ screening
assessments’ that identify accident sequences leading to Severe Core Damage (SCD) and the
features that contribute most to these sequences (e.g., hardware failures, system cross-link failure
or post-accident human error).

In the spirit of screening assessment, uncertainties associated with actions of active mitigating
systems are treated conservatively. With only few deterministic analyses of accident progression
being available when this work was performed and gaps in some equipment performance data,
judgements guided by analyses for existing CANDU reactor are employed. For circumstances
where unambiguous judgements are difficult, the worst event outcome is presumed. An example
is assuming that the Emergency Core Cooling (ECC) function is unavailable following a small
break when the steam generator cool down is not available to reduce the HTS pressure®.
Design-assist deterministic analyses are in progress to facilitate realistic modelling in the future.
Meanwhile, the preliminary analysesin this report intentionally employ conservative
assumptions.

Preliminary system reliability/unavailability design targets are defined for usein event tree
anaysisin order to estimate individual accident sequence frequencies. These targets are based
on simple fault tree analyses of the early ACR design and on the experience with Probabilistic
Safety Assessments (PSAS) of existing CANDU reactors. They are now being verified by
detailed fault tree analysis of the latest ACR design configuration.

Results indicate that the ACR design can meet the prescribed SCDF targets.

Small breaks cover a broad range of coolant discharge rates, the larger of which would
depressurize the HTS sufficiently to permit the ECIS injection without the SG cool down.
The break discharge threshold for injection not assisted by SG cool down has not yet been
determined for the ACR.

10810-03660-AR-001 2004/01/28
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2. OBJECTIVE

The purpose of the preliminary event tree analysisis to identify which internal event sequences
will likely dominate the SCDF in the ACR and which elements of the dominant sequences
contribute most to the SCDF. Thisis adesign-assist exercise performed in the early stages of
design. Insights are useful for design finalization and optimization.

10810-03660-AR-001 2004/01/28
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3. SCOPE

The scope of thiswork islimited to developing and analyzing event trees for selected initiating
events that are judged to potentially produce high values of ‘individual-sequence’ SCDF and/or
be major contributors to the ‘summed SCDF (Section 3.1). End states of interest pertinent to
SCDF are Plant Damage States (PDS) 0 to 2 (Section 3.2), which involve significant amounts of
fuel debris located beyond the HTS boundaries.

The event trees empl oy the standard methodology (summarized in Section 4) in conjunction with
preliminary reliability targets for the mitigating systems and preliminary assumptions related to
system or component performance (documented in Section 6).

Commensurate with the objective in Section 2, the analysis approach is that of a screening
assessment which employs conservative assumptions and progressively expands the event tree
models to identify and characterize the dominant sequences. The models initially include only
the active mitigating systems and the passive EFW supply from the RWS. They are expanded as
needed to represent the passive water supplies to other process systems. However, the RWS s
‘credited’ implicitly in the choice of initiating events. Certain initiating events, such as aloss of
moderator cooling or aloss of shield water cooling not included in the list of Table 3-1 because
extremely low SCDF values are anticipated when the passive design feature is taken into
account.

31 Selected Initiating Events

Initiating events examined in this report are listed in Table 3-1. All these events are postulated to
occur during the full-power operation of the ACR.

Table 3-1 Selected Initiating Events

No IE ID INITIATING EVENT DEFINITION Frequency (yr)
1 |IE-PTR Small LOCA - pressure tube rupture (with calandria tube remaining intact) 4.0E-03
2 |IE-PCTR Small LOCA - pressure tube & calandria tube rupture 6.0E-05
3 |IE-FBIO Feeder break 2.0E-03
4 |IE-FSB Feeder stagnation break (with consequential channel rupture) 2.0E-04
5 |IE-SWD2 |Tota loss of one service water division (division 2) 5.0E-02
6 |IE-LCL4 Total loss of Class 1V power supply to one ACR unit 3.0E-01
7 |IE-SCB Loss of inventory in shield cooling system 4.0E-04
8 |IE-MSL3 Small steam discharge causing low deagerator level 1.0E-01
9 |IE-FWBS  |Symmetric feed water line break upstream of feed water level control valves 2.2E-03
10 [IE-FWBA  |Asymmetric feed water line break downstream of SG check valve 5.8E-05
11 [IE-LOR Loss of reactivity control leading to uncontrolled power increase 4.24E-02

10810-03660-AR-001 2004/01/28
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Initiating Event frequencies are best estimate values for operating CANDU plantsin Canada
rounded up to the significant digit. These values are anticipated to be conservative (i.e., high) for
the ACR.

Table 3-1 listsinitiating events considered most significant from the viewpoint of their
contribution to the summed SCDF in CANDU 6 and CANDU 9 reactor designs. They can
potentially produce high values of individual-sequence SCDF by virtue of a high Initiating Event
frequency and/or by virtue of unique post-accident conditions that constraint the options
available for the deployment of active mitigating systems.

Initiating events 1 to 4 are small breaks, which have different characteristics in terms of accident
mitigation. Pressure tube rupture, IE-PTR (No. 1), resultsin aleak through the channel bellows
just in excess of the HTS make-up capacity that relies mostly on SG cool down for routine
mitigation. Pressure tube calandriatube rupture, IE-PCTR (No. 2), isalarger in-core break that
might affect the ability of the moderator to act as alternate, long-term heat sink. Feeder break,
IE-FBIO (No. 3), is aprototypic small break, which occursin afeeder of the HTS. Feeder
stagnation break, IE-FSB (No. 4), isaunique small break that could interconnect both the HTS
and the Calandria Vessel with the Containment, thereby potentially voiding both of these process
volumes.

For the preliminary analysis, a conservatively high initiating frequency for the feeder stagnation
break was assumed as 10% of any feeder break frequency. This high frequency value was
deliberately selected to evaluate the robustness of the ACR mitigating system design. During the
detailed PSA, abest estimate of the feeder stagnation break frequency will be calculated. For a
stagnation break leading to fuel melting and channel failure, the frequency is expected to be at
least an order of magnitude lower than 2E-4/yr value assumed in this report.

Initiating Event 5 (IE-SWD2), total loss of Division 2 service water, partially disrupts the gland
seal and motor cooling of two HT pumps and at the same time, it also only leadsto loss of half of
the mitigating system heat sinks, as Division 1 serviceis available.

Initiating Event 6 (IE-LCL4) isaloss of normal electrical power supplies to one unit in atwo-
unit ACR station (presumed to have arelatively high frequency), which constrains some options
available for providing active heat sinks after the accident.

Initiating Event 7 (IE-SCB) is a shield water loss, which does not immediately impact on fuel
cooling, but could cause excessive thermal stresses in reactor structures if not mitigated by a
timely reactor cool down.

Initiating events 8 to 10 are secondary-side breaks that disrupt the normal HTS heat sink. Small
steam line discharge, IE-MSL3 (No. 8), is a high-frequency accident initiator that includes a
number of operator actions for normal mitigation. Symmetric feedwater line break upstream of
the feedwater level control valvesin the turbine building, IE-FWBS (No. 9), could cause a
consequential loss of normal electrical power supply to complicate the accident mitigation.
Asymmetric feedwater line break downstream of SG check valve in the reactor building, I1E-
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FWBA (No. 10), isaunique break that cannot be isolated from the affected SG. The inability to
isolate constrains the options that are available for accident mitigation.

Loss of regulation, Initiating Event 11 (IE-LOR), is a power excursion that would cause a power-
cooling mismatch at high power and high HTS pressure if not automatically mitigated in timely
manner.

3.2 Event Tree End States

Development of event trees includes the assessment of Plant Damage State (PDS) resulting from
accident progression through a particular sequence in the event tree. The PDS used in this report

are defined in Table 3-2. These states are a subset of standard states in Reference [3].

Table 3-2 Plant Damage States

PDS | Early loss of core integrity at high power | ThisPDS s assigned to end states resulting from failure of
0 and pressure as aresult of afailureto all shutdown functions when the shutdown is required to
shutdown when required. mitigate a power-cooling mismatch. The reactor core
disassembles at high internal pressure
PDS | Lateloss of coreintegrity at decay power | Loss of primary heat sinks at HTS high pressure (e.g., loss
1 starting from high HTS pressure caused | of FW + SW + RWS make-up to SGs). A small number of
by aloss of all primary and backup heat | channelsfail to relieve HTS pressure, but ECC and
sinks. moderator heat sinks are unavailable. The reactor core
disassembles at low internal pressure. The core debris can
be retained in the calandriaif the shield water heat sink is
available.
PDS | Lateloss of coreintegrity at decay power | LOCA + LOECC + loss of moderator heat sink. The
2 starting from low HTS pressure caused reactor core disassembles at low internal pressure. The
by aloss of all primary and backup heat | core debris can be retained in the calandriaif the shield
sinks. water heat sink is available.
PDS | Early, widespread fuel and channel LOCA + LOECC causerapid core voiding (e.g., large
3 damage at decay power starting from low | LOCA + failure of ECISand LTCS). The moderator heat
HTS pressure caused by aloss of sink is available to maintain the fuel within the fuel
primary heat sinks + afailure of ECCS. | channels, which are deformed but intact.
PDS | Late, widespread fuel and channel LOCA + LOECC cause slow core voiding (e.g., asmall
4 damage at decay power starting from low | LOCA + failure of ECIS& LTCS or any size LOCA +
HTS pressure caused by aloss of failure of LTCS). Moderator heat sink isavailable to
primary heat sinks + afailure of ECCS. maintain the fuel within the fuel channels, which are
deformed but intact.
PDS | Early, limited fuel damage at decay LOCA with ECCS performing asintended. No
5 power starting from low HTS pressure temperature-induced fuel failures, but some incipient
caused by aloss of primary heat sinks. cladding defects open. All pressure tubes remain intact.
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PDS

Late, limited fuel and channel damage at
decay power staring from high HTS
pressure caused by aloss of primary heat
sinks.

A small LOCA (leak) + aloss of SG cool-down or aloss of
all feed water supplies. The HTS voids gradually at a high
pressure. A small number of pressure tubes + bellows (or
afew fuel channels) fail to depressurizethe HTS. The
ECIS activates while the fuel temperatures are moderate.
The LTCS provides the long-term heat sink. The fuel
damage is mainly mechanical.

PDS

Early but limited fuel damage caused by

Inlet feeder or end fitting breaks with ECCS performing as

7 asingle channel LOCA + containment intended. Up to whole-channel FP inventory could be
pressurization. released into the containment.
PDS | Early but limited fuel and channel In-core LOCAS (pressure tube rupture + calandria tube
8 damage caused by a single channel rupture) with ECCS and moderator system performing as
LOCA + no containment pressurization. | intended (i.e., no significant steam discharge into
containment, FP release into moderator).
PDS | Tritium release Moderator spills or boiling, but no fuel damage.
9

Wording of PDS definitionsin Table 3-2 isrefined relative to that in Reference [3] to improve
clarity, but the substance of the definition is unchanged. PDS 10 included in Reference [3] is not
brought into Table 3-2, because it does not pertain to the set of selected initiating events (it is
relevant to fuelling machine accidents).

PDS 0 to 2 are Severe Core Damage states used for SCDF quantification. The PDSs3to 6 are
Limited Core Damage states, which are not used to enumerate the SCDF.
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4. METHODOLOGY
The methodology used for this preliminary event tree analysisis described in Section 4 of
Reference[3].
4.1 Overview

Event tree analysisis carried out for each initiating event in Table 3-1. The event tree depicts
various possible sequences, which could occur after the initiating event, by modeling
combinations of mitigating system availabilities or unavailabilities.

Each event tree starts with the initiating event, and then develops through alogica set of branch
points. Each branch point represents the success (upward direction) or failure (downward
direction) of a pertinent mitigating system. The event treeis horizontally oriented, and is read
from left (the initiating event) to right (sequence endpoints).

Each sequence in a tree concludes when one of the following conditions exist;

» Thereactor has been shut down and decay heat is being adequately removed. No significant
plant damage has resulted. Such sequences are labelled “ S’ (success).

» Failures have resulted in some degree of plant damage. Depending on the initiating event,
whether shutdown has occurred or not, and how (if at all) decay heat is being removed, a
label is assigned from the listing of PDSin Table 3-2.

* The estimated frequency of the sequenceis so low that further study is not meaningful.
These sequences are labelled “NDF’ (not developed further). A sequenceis terminated and
labelled “NDF’ when its estimated frequency is lower than 1.0 x 10 events per year and
further mitigating systems are available.

The preliminary event trees for ACR are of intermediate to large size. Separate branch points are
assigned not only to heat sinks, but also to the operator actions and services which are required to
support the heat sinks (e.g., electrical power and service water). The software used to draw and
evauate the trees is the personal-computer-based program “ETA-II” (Reference [4]).

4.2 Mitigating Systems

During event tree development, questions are asked about the success/failure of various
mitigating functions identified in Section 5.

Class|, Class I control power and the Distributed Control systems are not shown in the event
trees, since this would have made the trees unmanageable. Dependencies unaccounted for in the
preliminary event trees due to these systems will be considered in alatter PSA phase, using fault
tree analysis and accident sequence quantification.

10810-03660-AR-001 2004/01/28



CONTROLLED - Licensing 10810-03660-AR-001 Page 4-2
Rev. 1

For the screening assessments in this report, the functions of active mitigating systems are treated
comprehensively, but the passive water make up from the RWS is modelled on as-required basis
(see Section 1).

4.3 Operator Actions

Modeling of operator actionsin present analysisislargely based on a simplified Human Error

Probabilities (HEP) quantification. Table 4-1 setsthe basic rules for assigning HEP values for
diagnostic errors based on previous CANDU 6 PSA.. It should be recognized that the detailed

ACR PSA would incorporate errors of diagnosis as well as execution based on the ASEP

procedure (Reference [5])).
Table4-1 Human Error Probabilities Associated to Operator Action Times
Action Time HEP
0 to 15 minutes 1 (no credit)
15 to 30 minutes 10E-01
30 to 60 minutes 1.0 E-02
1to 2 hours 1.0E-03
2to 4 hours 10E-04
4to 8 hours 1.0 E-05

Two event trees (IE-PCTR describing the rupture of pressure and calandria tubes and IE-FWBA
describing the asymmetric feed water line break downstream of SG check valve) employ more
detailed human error analysis methodology rules defined in Reference [ 3] because operator
interventions have a considerable impact on the SCDF in these accidents.

4.4 Acceptance Criteria

All accident sequences are checked against the following acceptance criteria:

» Summed SCDF for all sequences evolving from internal events at power should be lower
than 1.0 E-06 ev./year.

* Any one of the individual sequences ending up in a severe core damage state (i.e., in PDS0,
PDSL1 or PDS2 defined in Table 3-2) should have afrequency lower than 1.0 E-07 ev./year.

These acceptance criteria are guidelines that are expected to yield a summed SCDF for all

internal and external events (including shutdown state events) of lessthan 1.0 E-05 ev./year. The
latter is adesign requirement used for advanced reactors, which is also adopted for the ACR
(Reference [1]).
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5. RELIABILITY TARGETS

To help meet the ACR target for summed SCDF, the system reliability targets for ACR were
established based on simple fault tree analysis for ACR systems, previous CANDU 6 and
CANDU 9 PSA experience and/or engineering judgment. These targets (see Table 5-1 and
Table 5-2) were set at the start of the ACR design assist PSA work with the objective to satisfy
the acceptance criteriain Section 4.4 and they are used in this report.

Thereliability targetsin Table 5-1 and Table 5-2 are currently being verified by detailed fault
tree analysis of the latest ACR design configuration.
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Table5-1
System Reliability /Unavailability Targets (dependent on DG availability)
Electric Power Supply Status/ Electric Power AFW | SWD1&D2 | D1SW MHS LTC-SDC DECC LTC-ECC
Systems Unavailability Supply
(Composite

Unav.)
Class IV Available - 3.0E-03 1.0E-05 |5.0E-03 | 5.0E-03 1.0E-02 7.0E-04 5.0E-03
All DGs Available (Class 1V - 6.0E-03 1.0E-05 5.0E-03 | 8.0E-03 1.0E-02 7.0E-04 5.0E-03
lost)
Class |V & 1 DG Unavailable 7.00E-02 1.0E-02 1.0E-03 1.0E-02 | 1.0E-02 5.0E-02 2.0E-03 8.0E-03
Class |V & 2 DGs Unavailable 7.75E-03 5.0E-02 5.0E-03 5.0E-02 | 5.0E-02 1.0E-01 1.0E-02 1.5E-02
Class |V & 3 DGs Unavailable 6.60E-04 1.0E-01 1.0E-02 X 1.0E-01 5.0E-01 2.0E-02 5.0E-02
Class |V & 4 DGs Unavailable 5.75E-05 X X X X X 5.0E-02 X
Class IV Unavailable and 1 SW X X 1.0E-02 X
Division lost

Auxiliary Condensate Extraction Pump is going to be supplied from an MCC connected to the Class 111 “F’ (EVEN) bus.

Note: “-” sign meansit is not applicable to place avaue in that spot;
“X" sign means the system is unavailable or no credit is given to its function.
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Table5-2
System Reliability /Unavailability Targets (all DGs assumed available)

System Acronym Electric Power Supply Status Unavailability

Auto De-pressurization Water system ADW Not dependent of Class IV power 1.0E-04
supply status

Main Feed Water (excludes auxiliary feed MFW Class IV power available 3.5E-03

water pumps sub-system)

Feed Water (includes MFW and AFW) FW Class IV power available 5.0 E-04

Feed Water (includes MFW and AFW) FW One SW Division available; Class 1V 1.0 E-03
power available

Emergency Feed Water Supply EFW Class IV power available 1.0E-04

Emergency Feed Water Supply EFW Class IV power unavailable; Class || 1.0E-04
DGsall available

Emergency Feed Water System EFW One SG unavailable 7.0 E-04

Consequential Loss of Class |V Power Supply | LCL4 Not applicable 5.0 E-02

Crash Cool (overall Crash Cool unav. — cC Not dependent of Class IV power 1.0 E-05

including CC1 + CC2) supply status

Condensate System CND Class IV power available 5.0E-04

Aucxiliary Condensate Extraction System ACND Any failure combination of 2 DGs or 5.0E-02
less.

Aucxiliary feed water or SGs (break) Isolation | AFW-IS Class IV power available 1.0 E-02

Failure

Boiler Pressure Control Cooldown BPCC Class 1V power available 5.0 E-03

Steam Generator Pressure Relief SGPR Class|V available 1.0 E-06

Steam Generator Pressure Relief SGPR Class |V unavailable 1.0 E-05
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System Acronym Electric Power Supply Status Unavailability
Main Steam Safety Valves failure to open on MSSV Not dependent of Class IV power status | 1.0 E-05
demand
Reserve Water Make-up into the Heat RWS-HTS Not dependent on Class IV power 1.0 E-02
Transport System supply status
HT pumps seals integrity maintai ned. CLPS Applicable only when pumps are 8.0 E-05
running (Class IV should be available)
HT Pumps Trip on High Upper Bearing PTHT Only on sequences in which Class IV 5.0 E-03
Temperature power supply is preserved.
Liquid Relief Valves Fail to Reclose after an CLPRV Not dependent of Class IV power 4.0 E-06
HTS Overpressure Transient supply status
Reactor Shutdown by SDS1 & SDS2 RS Not dependent on power supply 1.0 E-06
Operator Action — Switchyard restored in 60 R60E4 Not applicable 4.0E-01
minutes
All Operator actions other than R60E4, PCTR | OEFW, ORS, Not applicable Table4-1
and FWBA OLTC-SDC, etc.
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ASSUMPTIONS

Assumptions made in the preliminary event trees are documented in this section. Generic
assumptions applicable to all initiating events are described first, followed by assumptions that

are

6.1

specific to individual accident scenarios.

Generic Assumptions

The following assumptions apply to al event treesin this report:

1
2.

The reactor operates at 100% FP prior to the accident.

All on-site diesel generators, auxiliary condensate-extraction pump, auxiliary feed water
pumps and instrument—air compressors are air-cooled or are capable of operating for 24 hours
without cooling.

Auxiliary feed water pumps have sufficient head to supply the minimum required flow with
the MSSVsrelieving steam by lifting against their spring load.

4. Auto de-pressurization of steam generator secondary side is performed by four MSSVs.

One Class |11 diesel generator can run 1-RSW pump and 1-RCW pump plus other essential
loads’.

Moderator and LTC systems require cooling water to operate, which may be supplied from
Division 1 or Division 2 RCW system.

A failure of instrument air system does not impact service water supplies. This holds when:

a. All critical valvesfail to their safe-state (which may be open or closed, depending on the
valve).

b. All valvesthat need to be operated after the initiating event have a back-up, gas supply
(e.g., gas bottles).

The emergency feed water supply from reserve water system to steam generatorsis available
for the mission time of 24 hours. This holds when:

a. Isolating valves can be actuated without any dependency of Class 1V and Class |11 power
for approximately 3 hours’.

This means that |oad shedding does no affect the essential safety loads in any of the
accident scenarios, since one RSW pump and one RCW pump are fully capable to supply
all necessary safety loads for any accident sequence.

Class| batteries are sized for aminimum of 1 hour capacity for plant control after loss of
Class 1V and Class |11 power. It isexpected that actual capacity of the batteries will be
sufficient to allow operator to modulate the valves that supply RWS water to the steam
generators for about 3 hours. The valves are supplied with Class I power.
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b. The same valves can be manually operated on long term basis (beyond 3 hours) in order
to prevent spilling of water from the steam generators, thereby ensuring that RWS
inventory can last for the mission time of 24 hours’.

c. Theinitiating event does not cause adischarge of HT coolant into the reactor building.
When the reserve water tank and the open steam generators are interconnected, the
containment envelope could be “bypassed” (i.e., the containment barrier would be
provided only by the liquid pool in the reserve water tank and the associated piping)’.

9. Moderator pony motors are automatically provided with Class |11 power within afew minutes
following aloss of Class IV power.

10. For all eventsthat involve asmall LOCA as an initiating event or a consequential failure, itis
presumed that the post-accident break discharge is not large enough to remove decay heat
from the HTS as liquid at saturation temperature or less. In thisreport, thisisinterpreted to
mean that the ECC function of the LTC is not sufficient to act as a heat sink and that a steam
generator heat sink is also required for these events.

11. It the absence of forced HTS circulation, steam generators provide effective heat sink only if
both of them are available (i.e., it is presumed that thermosyphoning breaks down when only
one steam generator is available)®.

6.2 Event Specific Assumptions

The following assumptions were applied to the event trees of selected initiating events:

6.2.1 Pressure Tube Rupturewith Intact Calandria Tube

1. Coolant discharge through channel bellowsis ~ 20 kg/sec and is beyond the capacity of H,O
feed pump.

2. Manual reactor shutdown occurring before the first automatic trip is’ not credited, even
though much more than 15 minutes would be available for the manual action before the
automatic reactor trip on HTS low pressure comesin.

3. Steam generators are required to provide heat sink in conjunction with water make-up into
the HTS (see Item 10 in Section 6.1).

4. The EFW supply from the RWS cannot be used (see Item 8c in Section 6.1).

Thisimplies that provisions for manual operation of the RWS valves are available.

Opening of isolation valves between the RWS and the steam generators is inhibited by an
elevated reactor building pressure.

Thisis aconservative assumption made in the absence of deterministic analyses for
relevant HTS configuration.

Thisis aconservative assumption.
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6.2.2 Pressure Tube/Calandria Tube Rupture

1.

Theinitial discharge rateis > 100 kg/sec and thus well beyond the capacity of the H,O feed
pumps.

2. Thereactor trips automatically either on low HTS flow or on high moderator level.

Steam generators are required to provide heat sink in conjunction with water make-up into
the HTS (see Item 10 in Section 6.1).

4. The EFW supply from the RWS cannot be used (see Item 8c in Section 6.1).

Moderator heat sink is not credited because a consequentia hole is postulated to develop
through lattice tube, which, in conjunctions with the broken channel, provides a path for
calandria vessel draining down to the elevation of the affected channel.

Passive water supplies from RWSto HTS or calandriavessel are not credited'®. Therefore, if
this event coincides with aloss of both ECI and LTC, the moderator is not credited as heat
sink because forced circulation through moderator heat exchangers may be impaired and no
water make-up is available.

In order to defend calandria tube failure probability following a pressure tube rupture, the
R&D program needs to demonstrate that the calandria tube will survive all relevant loading
conditions. The program also needs to demonstrate that the calandria tube has a high creep
rupture resistance. The latter isthe ability of the calandria tube to withstand the elevated
pressure and temperature environments after a pressure tube failure for long enough time so
that operator action can be relied upon to reduce the HTS pressure. To afford high reliability
credit for this operator action, the calandria tube needs to survive for about 2 hours or longer.

6.2.3 Feeder Break

No operator action is credited for reactor shutdown.

The RRS maintains approximately constant reactor power until the automatic reactor
shutdown.

Steam generators are required to provide heat sink in conjunction with water make-up into
the HTS (see Item 10 in Section 6.1).

4. The EFW supply from the RWS cannot be used (see Item 8c in Section 6.1).

Should steam generators be unavailable, the active heat removal by moderator system is
credited as the back-up heat sink (provided a service water system is available). The passive
heat removal in calandria vessel (by boiling and make-up from the RWS) is not credited.

10

Section 1 explains the rationale for not crediting the passive water supplies from the
RWS.
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6.2.4 Feeder Stagnation Break with Consequential Channel Rupture

1.

The break causes a severe power/cooling mismatch, resulting in a consequential channel
rupture (i.e., an in-core break) at full power.

Reactor trips automatically on low HTS pressure, low HTS flow or high moderator level.

RRS maintains approximately constant power up to the reactor trip.

4. ECC systems (ECIS and LTCYS) are automatically activated to refill the HTS and to maintain

it full of water.

Steam generators are required to provide heat sink in conjunction with water make-up into
the HTS (see Item 10 in Section 6.1).

The EFW supply from the RWS cannot be used (see Item 8c in Section 6.1).

7. Should the ECC make-up fail, water can be supplied from the RWS into the HTS for the

duration of mission time at a sufficient rate to maintain the fuel channdls flooded with
water'!,

Moderator heat sink is not credited because the ruptured bellows and the hole in the feeder in
conjunction with the broken channel provide a path for calandria vessel draining down to the
elevation of the affected channel ™2,

Should the HTS make-up or the supplementary steam generator heat sink be unavailable, the
affected sequence is not developed any further and a Severe Core Damage is presumed™>.

6.2.5 L oss of One Service Water Division

1.

Loss of RCW cooling water to the main feed water and main condensate pumps causes them
totrip early. Therefore, these pumps are not credited. The auxiliary feed water pumps are
available.

The gland seals and bearings of the HT pumps are cooled by RCW water in the following
configuration:

a. Each of thetwo HT pumps located on either side of the reactor are supplied with cooling
water from one separate RCW division.

11

12

13

This assumption implies that the HT'S remains depressurized for the gravity make-up to
work. It may not be consistent with earlier assumption (Item 5 in Section 6.2.4). Future
analysis will explore and confirm this assumption.

In the event tree, the RWS make-up to the HTS was credited in case of failure of ECC,
but success of crash cooldown.

Thisis an expedient and conservative assignment of PDS. The sequences could be
developed further, likely resulting in one of the Limited Core Damage states. However,
the conservative assignment of PDS is permissible for screening analysis (Section 1).
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b. HT Pumps#1 and #3 are taken to be supplied from SW Division #1. HT Pumps#2 and
#4 are taken to be supplied from SW Division #2.

3. Because the bleed cooler is presumed to be supplied by Division #2 service water, the cooling
water to gland seals of HT pumpsis not available. Failure of bleed control valvesto close
and bottle up the bleed condenser (CLPS) after the initiating event causes ingress of hot water
into the suction of the pressure and inventory control (feed) pumps and into the HT pumps
seals, in time causing consequential small LOCASs at two HTS locations due to failures of
pump seals.

4. Affected HT pumpstrip on high upper bearing temperature or are tripped manually within 1
hour of accident initiation.

5. Service water from Division #2 provides cooling water to LTC heat exchanger #2 that
supplies water through RIH #2 and ROH #2. However, if needed, the operator can supply
LTC heat exchangers from both service water divisions.

6. Thedischarge flow from the two-point, induced small LOCAS (caused by failure of HTS
pumps seals) is assumed to exceed the capacity of HTS feed pumps.

7. For smal LOCAS, steam generators are required to provide heat sink in conjunction with
water make-up into the HTS (see Item 10 in Section 6.1).

8. The EFW supply from the RWS cannot be used (see Item 8c in Section 6.1).
9. Instrument air compressors continue running on loss of RCW (see Item 2 in Section 6.1).

10. A failureto trip pumps automatically or manually is presumed to cause a two-point large
LOCA. ECC systems are ineffective for two-point large LOCA™ and cannot be credited in
such sequence.

11. The inter-unit service water supply back-up is not credited.

6.2.6 Lossof Class|V Power Supply

1. Thereactor shuts down either on low HT flow or high HT pressure.
2. Thefollowing equipment is affected:
a. Turbine generator trips.

b. HT pumps stop running. In the absence of forced HT flow, both steam generators are
required to provide the heat sink (see Item 11 in Section 6.1).

Main feed water pumps stop running.
Main condensate extraction pumps stop running.
Condenser cooling water pumps stop running.

-~ 0o o O

Pressurizer heaters cannot be energized.

14 All injected water could drain out from the HTS without reaching the fuel.
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g. Boiler pressure control cool-down program isavailable. This program uses ASDV's and
CSDVsto cool down the steam generators, but CSDV s do not open when Class IV power
isunavailable.

All four diesel generators supplying Class 111 power start automatically following the loss of
Class IV power. These diesel generators do not require external cooling water to operate
(Iltem 2 in Section 6.1).

When Class Il power is available:

a. All auxiliary feed water pumps are energized (distributed as one pump per Class 11 bus).
b. Auxiliary condensate pump is available (see Item 2 in Section 6.1).

c. Instrument air system is available (see Item 2 in Section 6.1).

d. Two of the four LTC pumps are energized.

If Class Il power isalso lost:

a.  Auto depressurization water system (ADW) will depressurize steam generators on alow
steam generator level plustimer. Isolation valves between RWS and steam generators
open automatically on this signal, unless inhibited by a signal of high reactor building
pressure (see Item 8c in Section 6.1).

b. MSSVsareremotely ‘gagged open’ from the Main Control Room.

c. Water can be supplied from the RWS to the steam generators for the mission time of
24 hours (see Item 8 in Section 6.1).

A failure of aliquid relief valve to re-close constitutes a consequential small LOCA. This
means that:

a. The EFW supply from the RWS cannot be used (see Item 8c in Section 6.1).

Multiple failures of ASDV's, CSDV's and MSSV'sto open produce a Main Steam Line
Break™.

6.2.7 Loss of Inventory in Shield Cooling System

1

The system is designed such that the End Shields cannot be drained for any pipe break
location.

Fuel channel integrity (and thus HTS integrity) is maintained for at least 8 hours for any
shield water draining transient™®.

15

16

The sequence is not developed beyond the steam line break, since it will be covered by
the Event Tree for the Main Steam Line Break.

Thistimeis based on analyses of CANDU-9 design and needs to be verified for the ACR
design.
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3. EFW supply from the RWS into the steam generatorsis available if required. It would be
manually stopped once the shutdown cooling function of the LTC system is operational.

4. A water make-up from the RWS into the shield tank or the end shieldsis not credited. Itis
presumed that the make-up to the shield tank would be ineffective due to the draining
through the break. Analyses are not available of thermal stresses due to a make-up of the end
shields only.

6.2.8 Small Steam Discharge Causing L ow Deaer ator L evel

The following assumptions are engineering judgements based on ‘ Balance of Plant’ features of
existing CANDU reactors. When this preliminary event tree analysis was performed, ACR-
specific design details were not available.

The discharge rate for this event is chosen using the following considerations:

a) it should be high enough to cover an opening of aMSSV; and

b) it should be low enough to be within the supply capacity from the demineralized water tank
(including the capacity of feed water regulating valves), such that the entire feed water
inventory in the plant can be credited.

A steam discharge rate of 180 kg/s would be most challenging. It is presumed that the capacity
of supply from the demineralized water tank can match this rate.

1. Theturbine generator is unloaded at about 85% full power by the overall plant control
programs.

2. Deaerator contains water inventory equivalent to 90 full power minutes at the steam
discharge rate of 180 kg /sec before a signal for reactor power setback comesin on low
deaerator level.

3. For thisevent tree, feed water supply from the reserve feed water tank (turbine building) or
demineralised water storage tank to the suction of the auxiliary feed water pumpsis not
credited"’. Therefore, afailure of condensate system or failures of valvesin the gravity
supply line from the demineralized water storage tank to the condenser hotwell constitutes a
failure of auxiliary feed water system.

4. EFW supply from the RWS to steam generators can be manually established within ~3 hours
without opening the MSSVs. The implicit assumption is that the small steam line break
depressurizes the secondary side of steam generators to below the injection pressure of
gravity make-up from the RWSin less than 3 hours.

1 This supply lineisavailable in existing CANDU reactors, but its existence in the ACR

was not confirmed at the time when this analysis was performed.
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6.2.9 Symmetric Feed Water Line Break Upstream of Feed Water LCV's

1. Thereactor trips on low steam generator level.

2. Class IV power supply fails consequentially because the switchgear is located near the broken
feed water linein the turbine building and it fails due to harsh environment resulting from a
feed water discharge.

3. Following thisfeed water break:

a. Theauxiliary feed water pumps remain available (they are environmentally qualified for
this event, Reference [6]).

b. The condensate system is not available (it is not environmentally qualified).

4. The auto de-pressurization water system is available and will comein on sustained low steam
generator level.

6.2.10 Asymmetric Feed Water Line Break Downstream of SG Check Valve

1. At least one of the HT pumps continues to operate for ~ 60 minutes into the accident'®,
providing forced circulation of HT coolant.

2. Auxiliary feed water is available to the intact steam generator when auxiliary feed water level
control valves automatically close and isolate the steam generator with the break upon
sensing alevel discrepancy between the two steam generators.

3. The ECI system is poised to compensate for HTS coolant shrinkage that is not
accommodated by the pressurizer™.

4. The EFW supply to steam generatorsis not available in the early stages of accident because
the opening of RWS flow paths to steam generators isinhibited by asignal of high pressure
in the reactor building (see Item 8d in Section 6.1). However, the operator can provide the
EFW supply to steam generators upon confirming that HTS boundaries are intact. This could
happen at 15 minutes into the accident or |ater.

6.2.11 L oss of Reactivity Control Leading to Core Power Excursion

Thisinitiating event postulates power excursion which, if not arrested by timely shutdown,
invariably leads to severe core damage in existing CANDU reactors (which all have a positive

18 HT pumps are not environmentally qualified for harsh environment in the reactor

building. Thisassumption is a best-estimate judgement that the actual pumps can operate
for aperiod of timein harsh environment as long as the FW discharge does not impact
the pump directly and the pumps do not cavitate. Both these preconditions are satisfied in
this accident.

19 The pressurizer acting alone cannot accommodate the rapid HT coolant shrinkage in this

accident, so HTS would depressurize below the injection pressure of the ECI system.

10810-03660-AR-001 2004/01/28



CONTROLLED - Licensing 10810-03660-AR-001 Page 6-9
Rev. 1

void reactivity coefficient). ACR issignificantly different from existing CANDU reactorsin this
aspect by virtue of having a negative void reactivity coefficient. At the time when this event tree
analysis was performed, the ACR response to power excursions had not been analyzed in any
detail. Thisanalysis presumes that the ACR would also end up is a severe core damage if the
engineered shutdown systems were to fail. In this context, the only assumptions required for
event tree developments are as follows:

1. Neutronic power measurements and calibration are carried out by devices offering at least the
same level of performance as those employed in CANDU 6 plants.

2. Thelevd of quality implemented in the design, manufacturing and commissioning of the
reactor regulating system components for ACR will ensure the same reliability/unavailability
for the systems functions as that of the CANDU 6. The frequency of loss of reactivity events
istherefore assumed to be the same for ACR as the observed frequency for the operating
CANDU 6 plants (4.24E-02 ev./year).
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7. EVENT TREES

The selected initiating events and the associated event tree models discussed and analyzed in this
section are al produced for an ACR-700 Unit, operating at full power and benefiting from the
shared support services available from the twin Units.

7.1 Pressure Tube Rupturewith Intact Calandria Tube

A failed pressure tube discharges HT coolant into the annulus, pressurizing it to approximately
the HTS pressure. A few fuel rodsin the affected pressure tube may be damaged during the
initiating event due to mechanical forces imposed on the fuel by the pressure boundary failure.

711 Plant Response

The calandria tube withstands the hydrodynamic loading by the coolant®, but the bellows on

both channel ends invariably fail. Instruments that monitor the annulus gas system produce
several darmsin the MCR, which announce the pressure tube failure early into the accident. The
Emergency Operating Procedures (EOPs) will call for an orderly, manual shutdown of the reactor
when these alarms are produced®. However, an early manual shutdown is not credited.

The two coolant discharge paths from the HTS are through small clearances past the end fitting
bearings at each end of affected channel, so the coolant flow rates will be small. An engineering
judgment is that the total leak rate from the ACR would be on the order of 20 kg/s, whichis
assumed to be beyond the make-up capacity of HT pressurizing pumps.

With avery small net loss of coolant from the HTS, water levelsin the storage tank and the
pressurizer decrease very slowly. After acertain time (which depends on the net coolant loss
rate), the reactor automatically tripson low HT pressure. The reactor is shut down automatically
before the pressurizer reaches its low level setpoint and before the storage tank becomes empty
(without employing the back-up supply to the storage tank). Low level alarms from the
pressurizer and the storage tank also give the operator ample time (>> 15 minutes) to shut down
the reactor before any of HTS volumes would start to void due to the loss of coolant.

In the time period before the reactor is shut down, the RRS will maintain the power at preset
value. Following the shutdown, the ECI system is activated on a sustained low HT pressure
signal. A crash cool down of steam generators, which accompanies the ECI system activation,
quickly reduces the HTS pressure to below the injection pressure. The injection of emergency
coolant from the pressurized accumulator tanks refills the HTS and stabilizes the HTS pressure.
The HT pumps are likely to still be running, producing a considerable heat load in addition to

20 Should the calandria tube fail, this constitutes a more or |ess simultaneous pressure tube

and calandria tube rupture which is analyzed as a separate Initiating Event in Section 7.2.

2 Thisis an expectation based on existing CANDU reactors. The EOPsfor the ACR have
not yet been developed.
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fuel decay heat. Steam generators provide the heat sink for the post-accident heat load (i.e., heat
discharged through the bellows is negligible relative to heat taken in by the feed water).

During aslow HTS depressurization that follows, the HT pumps are turned off and the ECI
accumulator tanks drain. When the inventory in these tanks is depleted, the tanks are isolated
and a pumped water supply from the LTC-ECC system commences. At thisjuncture, the HTS
leak rateis very small because the driving pressureislow. The LTC-ECC system acts primarily
as the make-up system for the HTS. Its heat exchangers deal only with avery small fraction of
HTS heat that enters the containment as part of coolant discharge. The vast majority of HTS heat
is dissipated to the steam generators. The passive make-up of steam generators from the RWS
cannot be used in this accident (see Item 8c in Section 6.1).

The plant conditions at the end of mission time (at 24 hours) are stable. The fuel damage has
been limited to the early fuel failures caused by the initiating event (i.e., no additional fuel
failures). Long term actions (beyond the scope of this report) will remove the damaged fuel from
the reactor and replace the damaged fuel channel.

7.1.2 Event Tree

The initiating event label isIE-PTR (Table 3-1). Event tree details are presented in Appendix A.

Severe core damage plant damage states are assigned for:

» A failureto shut down thereactor. A failure to depressurize the HTS such that a coolant
make-up is not possible.

» A failureto provide service water to active mitigating systems.

* Failures of ECC systems to provide make-up for the depressurized HTS in conjunction with a
failure of moderator system to provide an alternate heat sink. Note that only the *active’ heat
sink mode of moderator system is modelled (i.e., the pumps and the heat exchangers). The
‘passive’ mode of ‘moderator as a heat sink’, which involves boiling off water in the
calandria vessel and water make-up from the RWS iswell suited for this type of accident, so
the severe core damage frequency will be lower when these passive ACR features will be
modelled.

7.2 Pressure Tube/Calandria Tube Rupture

Calandriatubes of the ACR are designed to withstand the hydrodynamic loads imposed by
pressure tube failure. Thisinitiating event thusinvolves agradual creeping of calandriatube
wall to failure. Thiscan be mitigated by operator actions, because several hours are available
before the calandria tube would creep to failure. The initiating event frequency (Table 3-1) is
based on the operator failing to prevent the calandria tube rupture by creep. Given that more than
two hours would be available for this action?’, a combined failure probability of 1.50E-2 can be

22 Thisis based on a conservative assessment of the minimum time to creep failure and will

be confirmed.
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assigned™. Thisinitiating event frequency is thus based on the pressure tube failure frequency
and the preceding operator failure probability.

7.2.1 Plant Response

The failure of both pressure and calandria tubes discharges high-enthalpy HT coolant and a small
amount of mechanically broken fuel (up to 12 fuel bundles) into the calandriavessel. One or
more calandria rupture disks burst to provide overpressure protection for the calandria vessel.
Broken fuel releases some of its volatile fission products, which are subjected to a ‘ pool
scrubbing’ before being released into the containment. The energy release into the containment
depends on the elevation of ruptured channel. A channel at high elevation could release much of
the energy contained in the two-phase HT coolant discharge. A channel at low elevation would
release little energy into the containment, because steam is condensed within the calandria vessel.
A small energy release into the containment is considered in this analysis.

The rupture constitutes asmall LOCA with an initial discharge rate in excess of 100 kg/s**. A
generic presumption for all small LOCAs isthat these breaks require the steam generator heat
sink to be available in order to avoid additional fuel failures (see Item 10 in Section 6.1 and its
associated footnotes). The passive make-up of steam generators from the RWS cannot be used in
this accident because of containment bypass considerations (see Item 8c in Section 6.1).

The reactor trips automatically shortly after the in-core rupture . There is some damage to the in-
core devices caused by the channel rupture, but this damage does not impair the ability of either
shutdown system to quickly reduce the reactor power to decay power level and keep the reactor
shut down thereafter®.

In this analysis, a consequential opening of a sizeable flow path between the calandria vessel and
the containment is presumed at alow core elevation, which prevents the moderator from acting
asaheat sink (see ltem 5in Section 6.2.2). This events assumes an end fitting g ection. Its effect
isthat severe core damage is assigned when either of the ECI or LTC functions are |ost.

The HTS depressurizes, it is refilled by water injection from the ECI system and maintained full
of water in the long term by water injection from the LTC-ECC subsystem. The HTS pumps are

23 This value accounts for event diagnosis as well as the execution errors related to shutting

down the reactor and reducing the HTS pressure and temperature by means of * boiler
pressure control cool-down’ program and is based on the methodology in Reference [3]).

24 Thisisbased on analyses for existing CANDU reactors. The range of break discharge

rates for the ACR is yet to be quantified.

Conseguences of in-core ruptures have not yet been evaluated for the ACR. However, the
basic prerequisite for all CANDU reactor designsisthat an in core rupture does not
impair either of the shutdown functions. It is safe to assume that the ACR will meet this
requirement.

25
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tripped or turned off before the injection from the ECI accumulator tanks stops. HTS heat
removal is shared between the steam generators and the LTC heat exchangers. In this case, the
LTC heat exchangers dissipate a considerabl e fraction of the HTS heat.

The plant conditions at the end of mission time (at 24 hours) are stable. The fuel damage has
been limited to the early fuel damage caused by the initiating event (i.e., no additional fuel
damage). Long term actions (beyond the scope of this report) will remove the damaged fuel from
the reactor and replace the damaged fuel channel.

7.2.2 Event Tree

The initiating event label isIE-PCTR (Table 3-1). Event tree details are presented in
Appendix B.

Severe core damage plant damage states are assigned for:

+ A falureto shut down the reactor

» A falureto depressurize the HTS by engineered means (i.e., steam generator crash cool-
down) such that a coolant make-up is not possible.

» A falureto provide service water to active mitigating systems..

» Failures of ECC systemsto provide make-up for the depressurized HTS, since the alternate
moderator heat sink is presumed unavailable due to draining of the calandriavessel (Item5in
Section 6.2.2).

» Failures of active steam generator heat sinks, since the LTC-ECC may not be able to remove
the HTS heat (Item 10 in Section 6.1) the passive RWS supply to steam generators cannot be
used (Item 8c in Section 6.1) and the aternate moderator heat sink is presumed unavailable
due to draining of the calandriavessel (Item 5 in Section 6.2.2).

7.3 Feeder Break

Inlet or outlet feeder pipes would typically fail without causing any appreciable power-cooling
mismatch in the affected fuel channel. Any outlet feeder break can only accelerate the flow
through the affected channel. An inlet feeder break could reduce the forward flow (very small
break), deteriorate the channel flow to very low values (so-called feeder stagnation break
analyzed in Section 7.4) or reverse the channel flow (larger breaks). This section anayzesthe
off-stagnation breaks, which include all outlet feeder breaks and the vast mgjority of break sizes
and locations on the inlet feeders. In the absence of local power-cooling mismatch, these breaks
are not appreciably different from small LOCAS in reactor headers or other HTS piping. All
pressure tubes and calandria tubes are intact after the initiating event.
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7.3.1 Plant Response

The reactor is tripped on low heat transport system pressure, low heat transport system flow or
high reactor building pressure.

The ECC conditioning signal is generated on sustained low heat transport system pressure. It
activates the crash cool-down of steam generators, opens the isolation valves of ECI accumulator
tanks and readies the LTC-ECC subsystem for longer term injection.

The injection from ECI accumulator tanks refillsthe HTS. Running HT pumps provide forced
flow through steam generators to maintain the heat sink. Some fraction of HTS heat (which
depends on the break size) is carried into the containment by the discharging HT coolant. The
HT pumps are tripped or turned off before the ECI accumulator inventory depletes and the long —
term injection by the LTC-ECC system commences. The steam generators continue to serve as
heat sinks (Item 10 in Section 6.1) in conjunction with LTC heat exchangers. The fractions of
heat transferred to these two heat sinks depend on the break size.

The plant conditions at the end of mission time (at 24 hours) are stable. The fuel damage has
been limited to incipient fuel defects which had opened during the HTS depressurization. Long
term actions (beyond the scope of this report) will isolate the affected channel (e.g., freeze plugs),
de-fuel it and repair the broken feeder.

7.3.2 Event Tree

Theinitiating event label is |E-FBIO ((Table 3-1). Event tree details are given in Appendix C.

The assignments of severe core damage states are identical to those for the pressure tube rupture
with intact calandria tube (Section 7.1), since both these accidents are small LOCAs on the lower
end of break size spectrum with no fuel damage after the initiating event, other than the
mechanically damaged fuel in the channel with the ruptured pressure tube. The rationale for
assignments of severe care damage states and the qualifying commentsin Section 7.1 apply here
aswell.

74 Feeder Stagnation Break

Certain breaksin inlet feeder pipes can deteriorate (i.e., essentially stagnate) the coolant flow in
the affected channel while the reactor is at power. For a severe power cooling mismatch, the fuel
would overheat to induce a consequential pressure tube rupture. The pressure tube ruptures
either because its wall heats up by convection from a superheated steam, or because the hot fuel
materials come into contact with pressure tube wall. The conditions at consequential tube
rupture are different from those during a spurious tube rupture. Hot gases or fuel materials
impacting on the calandria tube make its consequential failure quite likely, while the flashing HT
coolant at saturation temperature does not pose an immediate challenge to the calandria tube

integrity.
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This section analyzes an inlet feeder break that induces a severe power cooling mismatch and
leads to a more-or-less simultaneous rupture of both pressure and calandria tubes.

74.1 Plant Response

In terms of plant response, this accident is closely similar to the delayed channel rupture in
Section 7.2. Automatic reactor trip times on some process parameters will differ because the
pressurizer and storage tank inventories are different at the time of in-core rupture. However,
this does not impact the potential for propagation to severe core damage. The damageto thein-
core devices could be more severe for this accident, because superheated steam and some molten
fuel materials are discharged following the severe power-cooling mismatch in the affected
channel. However, this does not impact the shutdown capability, which must be maintained for
either accident (see Footnote 25 on Page 7-3).

After theinitial transient, the plant response is the same as that described in Section 7.2.1.
However, for the feeder stagnation break, the passive water supply from the RWSto the HTSis
modelled (which is not modelled for the in-core rupture in Section 7.2). Thisisdonein order to
reduce the individual-sequence SCDF to below the target value of 1E-7 events per year.

The credited water make-up by gravity into the depressurized HTS is feasible for this accident as
well asfor the delayed in-core rupture in Section 7.2. In both these accidents, the moderator heat
sink is uncertain because of the postulated hole in the calandria vessel boundary at low core
elevation ((Item 5in Section 6.2.2 and Item 8 in 6.2.4). The RWS make-up to steam generators
cannot be used because of the containment bypass considerations (see (Item 8c in Section 6.1).
Hence, RWS water inventory is not used for other purposes (other than to provide a sufficient net
pumps suction head for the LTC pumps) and is available for HTS make-up. The HTS make-up
ends up in the calandria vessel in any case, so there is no conflict as to which process volume to
supply with gravity make-up.

7.4.2 Event Tree

The initiating event label is|E-FSB. Event tree details are presented in Appendix D.

The assignments of severe core damage states are identical to those for the delayed in-core
rupture (Section 7.2.2) except for the failure of the LTC-ECC subsystem. Sequences for this
failure are developed further to consider the HTS make-up from the RWS. When LTC-ECC is
unavailable to provide long term make-up and partial heat removal, a severe core damage state is
assigned when:

» Gravity supply from the RWS s not established.

» Gravity supply from the RWS is successfully established, but a steam generator heat sink is
not available to satisfy the conditions of Item 10 in Section 6.1.
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7.5 Total Loss of One Service Water Division

A total loss of service water in adivision means that thereisno RCW flow, or there is no cooling
of RCW system (i.e., no RSW flow through the heat exchangers between the RSW and RCW
systems), in the division. This section examines the total loss of Division 2 service water system,
which supplies the bleed condenser cooler.

A random failure of the expansion jointsisnot modelled. The plant response for this failure
differs from that for the normal loss of service water, because consequential flooding becomes an
issue. Flooding analyses are not within the scope of present work®.

75.1 Plant Response

Following the total loss of Division 2 service water, the moderator temperature rises. The
temperature-induced swell triggers areactor power setback within minutes. If the setback fails
and the temperature-induced swell continues, the reactor will trip on high moderator level (SDS1
and/or SDS2) shortly thereafter.

Shutting down the reactor significantly reduces the moderator heat load (the nuclear heating in
the dominant component of the heat load). The moderator temperature continues to rise slowly
providing a number of hours before heavy water would start to boil?’. The operator can further
reduce the heat load to moderator by cooling down the HTS. The HTS cool-down slows down,
arrests or reverses the moderator temperature rise®.

The HTS response depends on whether or not the initiating event induced a consequential LOCA
(i.e., the pump seal failures) and on the responses of numerous systems as described by the event
tree in Appendix E.

75.2 Event Tree
The Initiating Event label isIE-SWD2. Event tree details are presented in Appendix E.

Whether or not the consequential LOCA develops, a severe core damage plant damage state is
assigned for afailure to shut down the reactor. Sequences for afailure of steam generator
pressure relief in a shutdown reactor are not developed. Such failure will result in amain steam

2 This failure will be addressed in flooding PSA.

2t Analyses for the ACR are not yet available. Extrapolating CANDU-6 data and taking
into account the smaller moderator volume in the ACR, the adiabatic heat-up would take
3 to 4 hours to the onset of boiling. Heat |osses to the cooler shield water on the outside
of calandria vessel would extend this time considerably.

28 In principle, the HTS can be used as a heat sink for the moderator if the HT coolant

temperature is reduced below the saturation temperature of heavy water at calandriarelief
setpoint, which isfeasible.

10810-03660-AR-001 2004/01/28



CONTROLLED - Licensing 10810-03660-AR-001 Page 7-8
Rev. 1

line break, which will be analysed in a separate event tree in conjunction with aloss of service
water.

Assignments of severe core damage states following loss of Division 2 service water depend on
the mitigating systems availabilities. For consequential LOCA sequences, the rationale for
assignments of severe core damage states and the qualifying comments in Section 7.1 apply here
aswell. For non LOCA sequences, where both Division 2 and 1 service water are lost, PDS1 is
assigned. If division 1 service water is available then PDS6 is assigned.

7.6 Loss of Class |V Power to One Unit

Thisinitiating event is the total loss of Class IV electrical power supply distribution system to
one unit of atwo-unit ACR station. Thetotal loss of Class 1V power supply is defined as the loss
of power to both 5314-BUA (and hence 5324-BUC, 5323-BUE) and 5314-BUB (and hence
5324-BUD, 5323-BUF) Class IV buses. It isassumed that, following aloss of grid, the second
unit remains operational.

All four diesel generators supplying Class 11 power start automatically following thisinitiating
event (Item 3in Section 6.2.6). Class Il power supply would normally be available within afew
minutes of losing Class IV power.

7.6.1 Plant Response

The equipment affected by thisinitiation event islisted in Section 6.2.6.

The steam generator inventory can provide “passive” HTS heat sink for approximately 2 hours
provided the steam relief via spring-loaded MSSVsis available. This analysis assumes that the
passive steam generator heat sink would last for 1 hour into the accident.

Heat sinks designated to mitigate thisinitiating event are:

1. The steam generators supplied by main or auxiliary feed water, when Class IV power is
restored quickly.

2. The steam generators supplied by auxiliary feed water when Class 111 power is available.
3. TheLTC system when Class |1l power is automatically restored by the diesel generators.

4. The steam generators supplied from RWS, when Class 111 power cannot be restored and only
Class| and Il power supplies are available.

The plant response depends on the number and timing of power supplies availability. This
response can be altered by early failures which affect power generation (reactor shutdown), the
passive steam generator heat sink (steam relief viaMSSV's) and pressure boundary integrity (re-
closure of HT liquid relief valves).
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7.6.2 Event Tree

The initiating event label isIE-LCL4 (Table 3-1). Event tree details are presented in
Appendix F.

Severe core damage plant damage states are assigned for:

+ A falureto shut down the reactor.

» A falureto provide service water to active mitigating systems. A loss of Class 1V and
Class 11 electrical power and loss of RWS to the steam generators.

1.7 Lossof Inventory in the Shield Cooling System

The inventory loss is due to a pipe break in the shield cooling system. This break drains the
inventory in the shield tank, but not in the end shields (Item 1 in Section 6.2.7). Up to 8 hoursis
available to prevent excessive stresses in the reactor assembly (Item 2 in Section 6.2.7).

7.7.1 Plant Response

The reactor is shutdown by a power setback on alow level in the head tank. The operator
confirms and ensures that the reactor is shutdown within 8 hours with a success probability of
1.0.

For normal mitigation, operator manually cools down the reactor using the boiler pressure control
cool-down program (viaASDVs and CSDV s) and employs the shutdown cooling subsystem of
LTC system.

If normal mitigation cannot be preformed, the operator employs other available systems as
described in the event tree.

7.7.2 Event Tree

The initiating event label isIE-SCB (Table 3-1). Event tree details are given in Appendix G.

7.8 Small Steam Discharge Causing Low Level in Deaer ator

Thisevent isasmall steam discharge of 180 kg/s resulting (see Section 6.2.8 for rationale for
choosing this discharge rate). The contributing events are (@) spurious opening of one MSSV
and (b) small steam line failures. The dominant contributor is the spurious MSSV opening.

7.8.1 Plant Response

Following the initiating event, the deaerator level falls causing levelsin the reserve feed water
storage tank and in the hotwell to fall. The main condensate extraction pumps trip and auxiliary
condensate extraction pump starts to continue depletion of feed water inventory.
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Operator manually shuts down the reactor within 60 minutes with probability of 1.0E-04 in
response to:

» power isautomatically reduced to about 85% shortly after the initiating event due to falling
steam generator pressure (Item 1 in Section 6.2.8).

» aarm on feed water/steam mismatch in steam generators,
» aarm on reactor power / turbine power mismatch;
* low-level indication in the condenser hotwell.

* Following the manual shutdown at 60 minutes, feed water inventory left in the deaerator is
equivalent to ~ 3 hours of decay heat dissipation. The operator uses the boiler pressure
controlled cool-down program (i.e., steam relief via ASDVs and CSDVs) to activate
LTC-SDC system within this time in order to provide the long-term heat sink.

If no action is taken within 60 minutes, the deaerator level drops further and a reactor power
setback on low deaerator level comesin at about 90 minutes into the accident (Item 2in
Section 6.2.8). The reactor isin ashutdown state in 3 minutes after the automatic setback. At
thisjuncture, feed water inventory left in the deaerator is equivalent to ~ 1.5 hours of decay heat
dissipation. Asfor the manual cooldown, the operator uses the boiler pressure controlled cool-
down program to activate LTC-SDC system within thistime in order to provide the long-term
heat sink.

If the above normal mitigating actions cannot be performed because of additional failures, the
operator uses the available systems as described in the event tree. The ultimate line of defenceis
the passive (gravity) make-up of steam generators from the RWS, which isinvariably facilitated
by the ‘passive’ steam generator depressurization via the postulated hole in the steam line
boundary (see Item 4 in Section 6.2.8).

7.8.2 Event Tree

The initiating event label isIE-MSL3 (Table 3-1). Event tree details are given in Appendix H.
Severe core damage states are assigned to the following sequences:

* A failureto shut down the reactor; and
» Multiple failures which include afailure to establish the gravity EFW supply from the RWS.

For modelling this event tree, the condensate system was asked at the beginning of the ET. The
availability of the condensate system, allows sufficient time for the operator to take action as
feedwater is available (prior to reactor setback). This modelling simplified the ET development.
The condensate was assigned alow unavailability value because for the initial period (3 hours)
Class 1V power isunlikely to fail. Some sequences (loss of Class |V electrical power) should be
higher but the impact is not significant.
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7.9 Symmetric Feed Water Line Break Upstream of Feed Water Control
Valves

This break islocated in the turbine building. It isassumed that Class IV electrical power fails
consequentialy (Item 2 in Section 6.2.9).

7.9.1 Plant Response

Steam generators quickly loose feedwater supply viathe break and water level decreases. The
reactor tripson low level in steam generators.

The equipment affected by the loss of Class IV electrical power islisted in Section 6.2.6.
Additional equipment fails due to the harsh environment as listed in Item 3 of Section 6.2.9.
Decay heat istransferred from the reactor core to the steam generators by thermosyphoning.

The automatic actions to mitigate this accident in a shutdown reactor is to auto-depressurize the
steam generators (Item 4 in Section 6.2.9) and open the isolation valves for the gravity water
supply from the RWS into the steam generators (Item 8 in Section 6.1).

If the gravity EFW supply is not available, but auto-depressurization is successful, it is assumed
that the LTC-SDC subsystem can be manually activated.

7.9.2 Event Tree

The initiating event label is|E-FWBS (Table 3-1). Event tree details are presented in
Appendix I.

The assignment of plant damage states is similar to other transient events.

7.10 Asymmetric Feed Water Line Break Downstream of the SG Check Valve
This break islocated in the reactor building and it cannot be isolated from the affected steam
generator.

7.10.1 Plant Response

The reactor trips automatically on a high reactor building pressure. The automatic trip on the low
pressure in the feed line to steam generators would comein.

The affected steam generator drains and ceases to provide heat sink for the HTS.

Forced circulation of HT coolant is available for at least one hour (Item 1 in Section 6.2.10).
This allows asingle, unaffected steam generator to act as heat sink for the HTS (Item 11 in
Section 6.1).
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Since the affected steam generator is not taken to act as heat sink from the initiating event, the
controlled cool-down (using the boiler pressure controlled cool-down program) cannot be
executed. The auto-depressurization signal will come in on asustained low steam generator
level (in the broken steam generator).

The gravity supply of EFW from RWS into steam generatorsis not activated automatically, but
can be provided by manual operator actions (Item 4 in Section 6.2.10). However, this manual
action is not credited in thisanalysis. Auxiliary feed water supply is available (Item 2in
Section 6.2.10).

HTS cools down and ECI system accommodates the coolant shrinkage (Item 3 in Section 6.2.10).
If the ECI make-up were impaired, thermosyphoning flow through steam generators would be
unstable. In thisanalysis, the impacted sequence is not developed any further and severe core
damage is presumed. Implicit in thisruleisthat the shutdown cooling function of LTC system is
credited only with successful ECI make-up

7.10.2 Event Tree

The initiating event label is|IE-FWBA (Table 3-1). Event tree details are presented in
Appendix J.

Severe core damage plant damage states are assigned for:

+ A failureto shut down the reactor

» A failureto depressurize the steam generators (which prevents the ECl make-up and triggers
the above described rule for the assignment of severe core damage).

» A falure of ECI system to make-up the depressurized HTS (which triggers the same rule, but
at ahigher frequency.

7.11 L oss of Reactivity Control Leading to Core Power Excursion

The initiating event is reactor power excursion.

7.11.1 Plant Response

The power excursion is presumed to result in a severe core damage state if it is not terminated in
atimely manner by the automatic action of engineered shutdown systems (see Section 6.2.11).

7.11.2 Event Tree

The event tree label iSIE-LOR (Table 3-1). The tree (Appendix K) is simple and does not
require any explanation.
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8. RESULTSAND DISCUSSION

8.1 Overview

The following table shows the preliminary summed frequencies of relevant plant damage states.
Severe core damage states that involve a core disassembly include PDS0O, PDS1 and PDS2.
Limited core damage states PDS4 and PDS6 maintain the fuel within the HTS boundaries.

However, the fuel channels are damaged (deformed).

Table8-1 Summed Frequency of Plant Damage States

PDS Abbreviated Definition Frequency
State (see Table 3-2 for full definition) without
recovery

(eventslyr)
PDSO |Early loss of core integrity at high power and pressure 5.6E-08
PDSL |Late loss of coreintegrity at decay power starting from high HTS pressure 8.7E-08
PDS2 |Late loss of coreintegrity at decay power starting from low HTS pressure 1.5E-06
Summed Sever e Core Damage Frequency (PDSO, PDS1, PDS2) 1.6E-06
PD$4 |Late, widespread fuel & channel damage at decay power starting from low HTS 5.3E-05

pressure

PDS6 (Late, limited fuel & channel damage at decay power staring from high HTS pressure 6.6E-06

811 Summed Sever e Core Damage Frequency

The preliminary estimate of SCDF is 1.6E-06 events per year, which is marginally higher than
the AECL guideline for internal events of 1.0E-06 events per year (Section 4.4). This estimate

can be reduced to 1.3E-06 events per year by taking additional credits discussed below.

Nevertheless, detailed PSA analysis will need to remove conservative simplifications made in
this preliminary analysis and investigate various options to reduce the SCDF values, including:

a) Developing acase for areduced pressure tube rupture frequency (from the current value of
4.0E-03 events per year to a best estimate value of 1.0E-03 events per year). Industry-wide

consensus for such areduction is now emerging, based on a number of factors (e.g.:

improvements in the manufacturing process and improvements in refueling and operating
practices contribute to avoiding of in-service flaws from debris-fretting, crevice corrosion

flaws, tooling-induced flaws, and formation of hydride blisters).
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b) Revising the frequency of aloss of Class IV power from the current value of 3.0E-1 events
per year to 1E-1 events per year. The current value is representative of New Brunswick,
Canada grid (Pt. Lepreau site) while the revised value applies to Ontario, Canada grid.

c) Developing acasefor effective heat removal by a single steam generator in the absence of
forced flow. Thermosyphoning with single steam generator will need to be analyzed.

d) Revisiting the generic simplification made in this preliminary analysis that all small LOCASs
require both the ECC make-up and the steam generator heat sink to successfully mitigate an
accident. In some cases, LTC alone may provide make-up and decay heat removal functions
depending on the size of the break.

e) Revisiting credits taken for operator recovery actions. This preliminary analysis has taken
only minimum credit.

8.1.2 Summed Limited Core Damage Frequencies

The summed frequency of PD$4, which corresponds to ‘ moderator acting as heat sink’, is
5.3E-05 events per year. This satisfies the current CNSC regulatory guideline (Reference[7])
that any use of the moderator as a heat sink should be lower than 1.0E-4. Resolving the above
topics will have a beneficial effect on this estimate.

The summed frequency of PDS6 is 6.6E-06. PDS6 approximately corresponds to aloss of all
HTS heat sinks, causing avery limited number of consequential channel ruptures that
depressurize the HTS and facilitate mitigation by ECI, LTC and RWS systems. Almost all of
this summed PDS6 frequency is due to one event only, namely — the asymmetric feed water line
break that contributes 90% to the estimated value. Work on above topicsc) to €) isrelevant to
PDS6. In addition, the inhibition of water supply from the RWS to the steam generator needs to
be examined more detail.

8.1.3 Top Contributorsto SCDF for Internal Events

Table 8-2 list the 10 top-most contributors to the summed SCDF. Three of these sequences have
frequencies marginally higher than 1.0E-07 events per year (i.e., above the AECL guideline for
the individual sequence frequency in Section 4.4) prior to application of recovery factors.
Following application of recovery factors, there are only two sequences above the guideline.

The results are conservative since recovery actions were not applied to all sequences where
appropriate. One such function is the gravity make-up from the RWS into process volumes,
which isexplained in Section 1. In this preliminary analysis, this ACR specific feature is not
credited unless the individual sequence frequency is above the guideline frequency of 1.0E-07
events per year. Table 8-2 that this latter intent was not followed consistently in this preliminary
analysis (i.e., we have severa sequences with frequencies > 1.0E-07 events per year that were not
expanded to consider the RWS make-up).

10810-03660-AR-001 2004/01/28



CONTROLLED - Licensing

10810-03660-AR-001 Page 8-3

Rev. 1
Table 8-2
Significant Contributorsto Summed SCDF
No | Initiating Sequence Sequence Description Plant |Frequency| Frequency
Event Index Damage | without With
State | Recovery | Recovery
eventslyr | events/yr
1 IE-PCTR PCTR-4 |Pressure Tube and Calandria Tube Rupture followed [PDS2 2.85E-07 | 2.85E-07
by Lossof LTC
2 IE-PCTR | PCTR-A12 [Pressure Tube and Calandria Tube Rupture followed [PDS2 1.38E-07 | 1.38E-08
by Loss of Class IV Power and Loss of Auxiliary
Condensate Supply to the Deaerator
3 |E-FSB FSB-7  |Feeder Stagnation Break followed by Loss of PDS2 1.33E-07 | 1.33E-07
Dormant ECC Injection
4 IE-PTR PTR-7  [Pressure Tube Rupture followed by Loss of LTC and [PDS2 9.49E-08 | 9.49E-09
Loss of Moderator Cooling
5 IE-FSB FSB-2 |Feeder Stagnation Break followed by Lossof Main  [PDS2 9.45E-08 | 9.45E-08
and Auxiliary Feedwater Supply to SGs
6 IE-PTR PTR-A13 |Pressure Tube Rupture followed by Loss of Class IV |PDS2 7.35E-08 | 7.35E-09
Power, Loss of Auxiliary Condensate to Deaerator
and Loss of Moderator as a Heat Sink
7 IE-LCL4 | LCL4-B52 |Loss of Class IV Power Supply and Failure to Start of [PDS2 6.91E-08 | 6.91E-08
all Standby DGs, followed by Operator failure to
/Actuate Open the Main Steam Safety Valves
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No | Initiating Sequence Sequence Description Plant |Frequency| Frequency
Event Index Damage | Without With
State | Recovery | Recovery
events/yr | eventslyr
8 |E-FSB FSB-A12 |Feeder Stagnation Break followed by Loss of Class |PDS2 5.55E-08 | 5.55E-08
IV Power and Loss of Auxiliary Feedwater Supply to
SGs
9 IE-FWBA FWBA4 |Asymmetric Feedwater Line Break followed by Loss [PDS2 5.51E-08 | 5.51E-08
of Dormant ECC Injection
10 IE-FBIO FBIO-5 |[Feeder Break followed by Lossof LTC and Lossof |PDS2 4.75E-08 | 4.75E-09
Moderator Cooling
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A simple post-analysis review was performed to get a“feel” of how much impact additional
recovery actions by the operator could have on the SCDF. Some sequences could all be
mitigated by water supply from the RWS into the steam generators, HTS calandria vessel or
reserve water tank or demineralised back-up to the auxiliary feedwater pump suction. The
frequencies of these sequences were reduced by an order of magnitude (based on engineering
judgement) by crediting moderator make-up or reserve feedwater tank (or demineralised storage
tank to AFW). Therecovery values areinthe® frequency with recovery” columnin Table 8-2.

It isnot a surprise that this simple exercise shows a significant impact of long-term operator
actions on SCDF. The severe accident management, which is at issue here, is performed by
people. By not crediting the long-term operator interventions as was intentionally done in this
preliminary analysis the SCDF estimates are unduly conservative. Clearly, the detailed PSA will
model the operator interventions more comprehensively (see Item e in Section 8.1.1).

8.2 SCDF Contributors

This section examines and discusses accident sequences related to severe core damage (PD S0,
PDS1 and PDS2) for individual initiating events. Only PDS1 and PDS2 with sequences greater
than 1E-09 are shown.

8.2.1 Pressure Tube Rupture (Calandria Tube Intact)

The SCDF contributors identified by the PTR event tree model in Appendix A are listed below,
sorted in descending order.

The two top-most sequences involve aloss of moderator heat sink, which could be mitigated by

PDS No Sequence No Frequency (events/yr)
PDS2 PTR-7 9.49E-08
PDS2 PTR-A13 7.35E-08
PDS1 PTR-11 4.00E-08
PDS2 PTR-10 3.80E-08
PDS2 PTR-9 1.33E-08
PDS2 PTR-A21 1.25E-08
PDS1 PTR-A01 1.15E-08
PDSO PTR-12 4.00E-09

water supply from the RWS into the calandriavessel.

Recovery action can be applied to sequence PTR-A21: Since this sequence stems from atotal

loss of power, arecovery of Class IV power within 60 minutes can be applied to it
(R60E4 = 0.4). Thiswould reduce the PDS2 frequency to 5.0 E-09 events per year.
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8.2.2 Pressure Tube and Calandria Tube Rupture

The SCDF contributors identified by the PCTR ET model in Appendix B are listed below.

PDS No Sequence No Frequency

(eventsiyr)
PDS2 PCTR-4 2.85E-07
PDS2 PCTR-A12 1.38E-07
PDS2 PCTR-5 3.99E-08
PDS2 PCTR-2 2.83E-08
PDS2 PCTR-3 2.83E-08
PDS2 PCTR-A13 1.66E-08
PDS2 PCTR-A14 1.39E-08
PDSO PCTR-8 4.00E-11

The two topmost sequences are above the guideline criterion of 1.0E-07 events per year for an
individual sequence. They involve:

» A falure of thelong term LTC-ECC system (PCTR-4)

* Alossof Class |V power and afailure of auxiliary condensate system (PCTR-A12). This
sequence could credit the water supply from the reserve feed water tank (turbine building) to
the suction of auxiliary feed water pumps (as shown in Table 8-2), or gravity make-up of
steam generators from the RWS.

The sequences 4 to 6 are all related to the stipulation that all small LOCASs require an ECC make-
up in conjunction with a steam generator heat sink to avoid damage (Item 10 in Section 6.1 and
itsfootnote) Asexplained in the cited item, this may be unduly conservative for in-core LOCAS.
PCTR-2 could be mitigated by gravity make-up of steam generators from the RWS.

The moderator heat sink could not be credited because of the postulate of an end fitting gjection,
which drains the calandria vessel (Item 5in Section 6.2.2).

During the detailed fault tree analysis work, options to reduce this sequence frequency will be
explored. Such optionsinclude:

* Review PTR frequency datato reduce PTR frequency to below 4.0E-03.

» Detailed analysis to reduce human error probability to below 1E-2 for actions associated with
preventing CT creep rupture.
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8.2.3 Feeder Breaks

The SCDF contributors identified by the IE-FBIO event tree model in Appendix C are listed
below.

The top-most sequence involves aloss of moderator heat sink, which could be mitigated by water

PDS No Sequence No Frequency
(eventslyear)
PDS2 FBIO5 4.75E-08
PDS1 FBIO9 1.90E-08
PDS2 FBIOS8 1.90E-08

supply from the RWS into the calandria vessel.

8.24 Feeder Stagnation Break with Consequential Channel Rupture
The SCDF contributors identified by the IE-FBIO event tree model in Appendix D are listed
below.
PDS No Sequence No Frequency
(eventslyear)

PDS2 FSB2 9.45E-08

PDS2 FSB-A12 5.55E-08

PDSO FSB10 2.00E-10

The top-most sequence is related to the stipulation that all small LOCAs require an ECC
make-up in conjunction with a steam generator heat sink to avoid damage (Item 10 in Section 6.1
and itsfootnote). As explained in the cited item, this may be unduly conservative for in-core
LOCAs, which is the consequence of this break.

8.25 Total Loss of One Service Water Division

The SCDF contributors identified by the IE-SW-D2 event tree model in Appendix E are listed
below. Sequence SW2-A13 could be mitigated by water supply from the RWS into the calandria

vessel.
PDS No Sequence No Frequency
(eventslyear)
PDS2 SW2-A23 1.89E-08
PDS2 SW2-A14 1.19E-08
PDS2 SW2-A13 1.18E-08
PDSO SWD2-01 1.50E-09
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8.2.6 Loss of Class |V Power to One Unit

The SCDF contributors identified by the IE-LCL4 event tree model in Appendix F are listed
below. The frequencies meet the acceptance criteriaand are not reviewed any further.

PDS No Sequence No Frequency
(eventslyear)
PDS2 LCL4-B52 6.91E-08
PDSO LCL4-3 3.00E-09
8.2.7 Lossof Inventory in Shield Cooling System

The SCDF contributors identified by the IE-SCB event tree model in Appendix G are listed
below. The frequencies meet the acceptance criteriaand are not reviewed any further.

8.2.8

The SCDF contributor identified by the IE-MSL3 event tree model in Appendix H islisted
below. The frequency meets the acceptance criteriaand is not reviewed any further.

8.29

The SCDF contributor identified by the IE-FWBS event tree model in Appendix | islisted below.

PDS No Sequence No Frequency
(eventslyear)
PDSO SCB-5 1.20E-10
PDSO SCB-4 1.20E-11

Small Steam Discharge Causing Low Level in Deaer ator

PDS No Sequence No Frequency
(eventslyear)
PDSO MSL3-1 5.0E-12

Symmetric FW Line Break Upstream of FW Control Valves

The frequency meets the acceptance criteria and is not reviewed any further.
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8.2.10 Asymmetric FW Line Break Downstream of Steam Generator Check Valve

The SCDF contributors identified by the IE-FWBA event tree model in Appendix J are listed
below. The frequencies meet the acceptance criteriaand are not reviewed any further.

PDS No Sequence No Frequency
(eventslyear)
PDSO FWBA7 5.80E-11
PDS2 FWBA4 5.51E-08
8.2.11 L oss of Reactivity Control Leading to Core Power Excursion

The SCDF contributor identified by the IE-LOR event tree model in Appendix K islisted below.
The frequency meets the acceptance criteria and is not reviewed any further.

PDS No Sequence No Frequency
(eventslyear)
PDSO LOR1 4.24E-08
8.3 Role of Reserve Water System

The preliminary event tree analyses have not comprehensively examined the role of the RWSin
accident mitigation. Nevertheless, the limited credits for this system that were made are
indicating a major impact on the SCDF. A sensitivity assessment was performed by removing all
RWS-related credits from the events trees presented in this report. The summed SCDF value for
the 11 selected initiating events then increases from 1.60E-06 events per year to 1.68E-05 events
per year. Thisisan order of magnitude effect for credits that are far from being comprehensive.
This sengitivity assessment only covers the prevention of Severe Core Damage and not the role
of the RWS in severe accident mitigation.

Not counting the implicit credit for the reliability of the LTC-ECC system, the creditsin this
report involve only the steam generator make-up (in most, but not all event trees) and the HTS
make-up (in only few event trees). A make-up of the moderator or the shield water is not
credited in any of the trees.

Therole of the RWS will be comprehensively assessed in the detailed PSA. A few observations
stemming from the work performed so far are as follows.

* Inorder to support a sufficiently long mission time (24 hours), the operator needsto be able
to actuate the RWS isolation valves within 3 hours and then modulate these valves for the
remainder of the mission time. The design implications are that:

* The batteries that provide the Class || power in case of the total loss of Class 1V and Il
supplies should last for 3 hours (as best-estimate value).

* Provisions to modulate RWS valves manually can be provided.
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Key PSA Assumptions

The event tree analysis utilized many assumptions related to design and plant response. As part
of the ACR detailed design devel opment process, these assumptions are required to be supported
by analysis and/or equipment supplier’ s test records as appropriate. A list of key PSA support
assumptions and risk itemsis provided below:

A connection from reserve feed water tank (turbine building) or demineralised water storage
tank to the auxiliary feed water pumps suction header isimportant. This connection will
enable the auxiliary feed water pump to maintain supply to the steam generators in the event
of aloss of auxiliary condensate pump.

A reliable, automatic closure of the auxiliary feed water level control valves when
discrepancy between the two steam generator levelsis sensed isimportant to crediting the
auxiliary feed water in certain accidents.

In order to defend calandria tube failure probability following a pressure tube rupture, the
R&D program needs to demonstrate that the calandria tube will survive all relevant loading
conditions. The program also needs to demonstrate that the calandria tube has a high creep
rupture resistance. The latter isthe ability of the calandria tube to withstand the elevated
pressure and temperature environments after a pressure tube failure for long enough time so
that operator action can be relied upon to reduce the HTS pressure. To afford high reliability
credit for this operator action, the calandria tube needs to survive for about 2 hours or longer.

Operator plays acrucial role following shield cooling accidents. For highly reliable actions,
long times need to be available for manual actions. The current assumption based on
CANDU-9 analysisisthat 8 hoursis available before the HTS pressure boundary, or any
other boundary that holds water, could be threatened following aloss of shield water
inventory. Analyses need to ascertain that long times are available as well.

Although the HT pumps are not formally environmentally qualified, it is assumed (as best
estimate) that at least one pump can run for up to 60 minutes after afeed water line break in
the reactor building. This assumption is reasonably supported by the fact that the HTS
pumps are not exposed to cavitation conditions (HTS remains pressurized and it is re-filled
by emergency coolant) and that the discharge from the broken line will not directly impact
the pumps. Asfar as practicable, the layout of the piping needs to minimize a harsh
environment around the HT pumps.
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9. CONCLUSIONS

This preliminary event tree analysis report has provided early inputs to the design teams
regarding the reliability/unavail ability requirements on the ACR systems that are used for
accident mitigation as well as feedbacks on some of the system performance requirements.
Completion of this design assist event tree analysisis an important milestone in that it has
provided insights into adequacy of the safety design to help meet the acceptance criteria. The
role of PSA isongoing. These reliability targets are intended to guide the designersin the
development of the design.

The analyses in this report identify which internal event sequences will likely dominate the
SCDF in the ACR and which elements of the dominant sequences contribute most to the SCDF.
Conservative simplifications are employed in this report, which will be reviewed, updated and
removed during the detailed PSA.

This preliminary analysis provides a high degree of confidence that the design target on the
summed SCDF for al internal and externa events can be met.
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Appendix A

Event Treefor Pressure Tube Rupture
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Initiating Prevent CT Reactor ECC Support Support System HTS Make-up Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event Rupture Shutdown DAMAGE| DESIGNATOR NUMBER
STATE
Pressure Operator SDS1 & SDS2 Crash No Consequent SW (RCW/RSW Dormant Long Term Feedwater Condensate Moderator as
tube rupture Prevents CT on HTS Low Cooldown ial Loss of C Systems) Emergency Emergency (MFW+AFW) System a Heat Sink
(CT intact) Rupture Pressure (Cc1+CC2) lass 4 Power Core Cooling Core Cooling (Main+Aux.)
Supply System
IE-PTR CTR RS cc CL4 SWD1&D2 DECC LTC-ECC FwW CND MHS
3.72E-03 PDS8 IE-PTR PTR-1
1.85E-06 PDS4 IE-PTR/CND PTR-2
5.00E-04
CND
2.00E 03 9.30E-09 PDS2 | IE-PTRICNDIMHS PTR-3
1.85E-06 PDS4 IE-PTR/IFW PTR-4
5.00E-04
Fw 5.00E-03
MHS 9.30E-09 PDS2 |E-PTR/FW/MHS PTR-5
1.86E-05 PDS4 IE-PTR/LTC-ECC PTR-6
5.00E-03 I
LTC-ECC
I—f/'lg%Em 9.35E-08 PDS2 | IE-PTRILTC-ECCIMHS | PTR-7
2.61E-06 PDS4 IE-PTR/DECC PTR-8
Z7.00E-04
DECC
200E 03 1.31E-08 PDS2 | IE-PTRIDECC/MHS PTR-9
1.00E-05
SWDI1&D? 3.74E-08 PDS2 |E-PTR/SWD1&D2 PTR-10
SO007 197604 | conTD | IE-PTRICLA PTR-A
LO0E05 3.94E-08 PDS1 | IE-PTRICC PTR-1L
4.00E-03 1.00E-06
EPTR e 3.94E-09 PDSO | IE-PTRIRS PTR-12
é?gE-oz 6.00E-05 CONTD | IE-PTRICTR See App. B
PRESSURE TUBE RUPTURE (CALANDRIA TUBE INTACT) C:\CAFTA\TREE(ET)\IE-PTR.TRE 23-01-04
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PTR\ORS\RS Class Il Power Supply SEQ.PROB. | PLANT SEQUENCE| SEQUENCE
/LOCL4 DAMAGE| NUMBER DESCRIPTION
STATE
PT 4 DGs 3 DGs 2 DGs 1 DG
Rupture\OR Available Available Available Available
S\RS/LOCL4 for 24h for 24h for 24h for 24h
IE-PTR DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
1.86E-04 Cont'd PTR-A1 IE-PTR/CL4/UNAV-DGS=0
2.00E-04
PTR-A 1.25E-05 Cont'd PTR-A2 IE-PTR/CL4/UNAV-DGS=1
7.00E-02
AV-DGS < 4 1.41E-06 Cont'd PTR-A3 IE-PTR/CL4/UNAV-DGS=2
A1
AV-DGS < 3 1.21E-07 Cont'd PTR-A4 IE-PTR/CL4/UNAV-DGS=3
8.60E-02
AV-DGS < 2 8.70E-02
AV-DGS < 1 1.15E-08 PDS1 PTR-A01 IE-PTR/CL4/UNAV-DGS=4

PRESSURE TUBE RUPTURE (CALANDRIA TUBE INTACT)

C\CAFTA\TREE(ET)\PTR-A.TRE

16-06-03
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PTRIORS\RS/CL SUPPORT HTS MAKEUP Heat Sinks SEQ.PROB. | PLANT | SEQUENCE SEQUENCE
MALL DGS AV SYSTEM DAMAGE| DESIGNATOR NUMBER
STATE
PTRIORSIRS/CL | SW(RCW+RSW) | DORMANT ECC |LONG TERM ECC Auxiliary Aux. Moderator as
MNALL DGs AV Feedwater Condensate Heat Sink
System
IE-PTR SWD1&D2 DECC LTC-ECC AFW ACND MHS
1.75E-04 PDS8 | PTR-AL PTR-A11
9.12E-06 PDS4 | PTR-AL/ACND PTR-A12
5.00E-02
ACND
?AaosEm 7.35E-08 PDS2 | PTR-AL/ACND/MHS PTR-A13
1.10E-06 PDS4 | PTR-ALUAFW PTR-AL4
6.00E-03
AFW
e 8.88E-09 PDS2 | PTR-AAVAFW/MHS PTR-A15
9.22E-07 PDS4 | PTR-A1LTC-ECC PTR-A16
5.00E-03
LTC-ECC
f\‘/iﬂosE'O?’ 7.43E-09 PDS2 | PTR-ALLTC-ECCIMHS | PTR-A17
L86E.04 1.29E-07 PDS4 | PTR-ALDECC PTR-A18
7.00E-04
PTR-AL
DECC 8.00E-03

=00 1.04E-09 PDS2 | PTR-AL/DECC/MHS PTR-AL9
é'\?VOE'% 1.86E-09 PDS2 | PTR-AL/SW PTR-AL10
PRESSURE TUBE RUPTURE (CALANDRIA TUBE INTACT) C)\CAFTA\TREE(ET)\PTR-ALTRE 16-06-03
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PTR/ORS\RS/CL SUPPORT HTS MAKE-UP Heat Sinks SEQ.PROB. | PLANT | SEQUENCE SEQUENCE
4/1 DG UN SYSTEM DAMAGE| DESIGNATOR NUMBER
STATE
PTR/IORS\RS/CL | SW(RCW+RSW) | DORMANT ECC |LONG TERM ECC Auxiliary Aux. Moderator as
4/1DG UN Feedwater Condensate Heat Sink
System
IE-PTR SWD1&D2 DECC LTC-ECC AFW ACND MHS
1.16E-05 PDS8 | PTR-A2 PTR-A21
6.06E-07 PDS4 | PTR-A2/ACND PTR-A22
5.00E-02
ACND
haosE-oz 6.12E-09 PDS2 | PTR-A2/ACND/MHS PTR-A23
1.22E-07 PDS4 | PTR-AZAFW PTR-A24
1.00E-02
AFW
TUOE b 1.24E-09 PDS2 | PTR-A2/AFW/MHS PTR-A25
9.87E-08 PDS4 | PTR-A2/LTC-ECC PTR-A26
8.00E-03
LTC-ECC 100E-02
= 9.97E-10 PDS2 | PTR-A2ILTC-ECCIMHS | PTR-A27
195605 2.47E-08 PDS4 | PTR-A2/DECC PTR-A28
2.00E-03
PTR-A2
DECC 1.00E-02
I 2.50E-10 PDS2 | PTR-A2/DECC/MHS PTR-A29
é'\?vOEm 1.25E-08 PDS2 | PTR-A2/SW PTR-A210
PRESSURE TUBE RUPTURE (CALANDRIA TUBE INTACT) C)\CAFTA\TREE(ET)\PTR-A2.TRE 16-06-03
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PTRIORS\RS/CL SUPPORT HTS MAKE-UP Heat Sinks SEQ.PROB. | PLANT | SEQUENCE SEQUENCE
4/2 DG UN SYSTEM DAMAGE| DESIGNATOR NUMBER
STATE
PTRIORSIRS/CL | SW(RCW+RSW) | DORMANT ECC |LONG TERM ECC Auxiliary Aux. Moderator as
4/2DG UN Feedwater Condensate Heat Sink
System
IE-PTR SWD1&D2 DECC LTC-ECC AFW ACND MHS
1.23E-06 PDS8 | PTR-A3 PTR-A31
6.17E-08 PDS4 | PTR-A3/ACND PTR-A32
5.00E-02
ACND
aaosE-oz 3.25E-09 PDS2 | PTR-A3/ACND/MHS PTR-A33
6.50E-08 PDS4 | PTR-A3/AFW PTR-A34
5.00E-02
AFW
SE L 3.42E-09 PDS2 | PTR-A3/AFW/MHS PTR-A35
1.98E-08 PDS4 | PTR-A3/LTC-ECC PTR-A36
1.50E-02
LTC-ECC
f/iﬂosE'OZ 1.04E-09 PDS2 | PTR-A3ILTC-ECCIMHS | PTR-A37
L 41E-06 1.33E-08 PDS4 | PTR-A3/DECC PTR-A38
1.00E-02
PTR-A3
DECC 5.00E-02
200 7.01E-10 PDS2 | PTR-A3/DECC/MHS PTR-A39
g'\?vOEm 7.05E-09 PDS2 | PTR-A3/ISW PTR-A310
PRESSURE TUBE RUPTURE (CALANDRIA TUBE INTACT) C)\CAFTA\TREE(ET)\PTR-A3.TRE 16-06-03
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PTR\ORS\RS/CL SUPPORT HTS MAKE-UP Heat Sinks SEQ.PROB. PLANT SEQUENCE SEQUENCE
4/3 DG UN SYSTEM DAMAGE| DESIGNATOR NUMBER
STATE
PTR\ORS\RS/CL SW(RCW+RSW) DORMANT ECC |LONG TERM ECC Auxiliary Aux. Moderator as
4/3DG UN Feedwater Condensate Heat Sink
System
IE-PTR SWD1&D2 DECC LTC-ECC AFW ACND MHS
9.54E-08 PDS8 PTR-A4 PTR-A41
4.52E-09 PDS4 PTR-A4/ACND PTR-A42
5.00E-02
ACND 10
l\/iHS 5.02E-10 PDS2 PTR-A4/ACND/MHS PTR-A43
1.00E-08 PDS4 PTR-A4/AFW PTR-A44
.10
AFW 10
MHS 1.12E-09 PDS2 PTR-A4/AFWIMHS PTR-A45
5.28E-09 PDS4 PTR-A4/LTC-ECC PTR-A46
5.00E-02
LTC-ECC 10
IViHS 5.87E-10 PDS2 PTR-A4/LTC-ECC/MHS PTR-A47
1.21E-07 2.16E-09 PDS4 PTR-A4/DECC PTR-A48
2.00E-02
PTR-A4
DECC 10
IViHS 2.40E-10 PDS2 PTR-A4/DECC/MHS PTR-A49
ST 1.21E-09 PDS2 | PTR-A4/SW PTR-A50
PRESSURE TUBE RUPTURE (CALANDRIA TUBE INTACT) C:\CAFTA\TREE(ET)\PTR-A4.TRE 16-06-03
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Event Treefor Pressure Tubeand Calandria Tube Rupture

10810-03660-AR-001 2004/01/28
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Initiating Prevent Creep Reactor ECC Support Support System HTS Make-up Heat Sinks SEQ.PROB. | PLANT SEQUENCE| SEQUENCE
Event Rupture of C Shutdown DAMAGE| NUMBER DESIGNATOR
STATE
Pressure Tube Op. Fails to SDS1 & SDS2 Crash No Consequent Service Dormant Long Term Feedwater Condensate
with Eventua Prevent CT On High Cooldown ial Loss of C Water System Emergency Emergency System System
| Calandria T Failure by moderator (CC1+CC2) lass 4 Power (RSW/RCW) Div Core Cooling Core Cooling (MFW+AFW) (Main+Aux)
ube Rupture HTS De-press. level Supply isions 1 & 2 System
IE-PTR CTR RS CcC CL4 SWD1&D2 DECC LTC-ECC FW CND
3.94E-03 CONTD See App. A
5.66E-05 PDS8 PCTR-1 IE-PTR/CTR
EC"I(\)‘%E_OA 2.83E-08 PDS2 PCTR-2 IE-PTR/CTR/CND
'SZV(\)IOE_O‘l 2.83E-08 PDS2 PCTR-3 IE-PTR/CTR/IFW
4.00E-03 5.00E-03
EPTR LTC.ECC 2.85E-07 PDS2 PCTR-4 IE-PTR/CTR/LTC-ECC
7.00E-04
DECC 3.99E-08 PDS2 PCTR-5 IE-PTR/CTR/DECC
1.00E-05
SWD1&D? 5.70E-10 PDS2 PCTR-6 IE-PTR/CTR/SWD1&D2
“éEEE_OZ 3.00E-06 CONTD | PCTR-A IE-PTR/CTR/CL4
1.50E-02 1.00E-05
IR TC 6.00E-10 PDS1 PCTR-7 IE-PTR/CTR/CC
L0800 6.00E-11 PDSO | PCTR8 | IE-PTRICTRIRS

PRESSURE TUBE RUPTURE (CALANDRIA TUBE RUPTURE)

C:\CAFTA\TREE(ET)\[E-PT-CT.TRE

23-01-04
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Transfer Class Il Power Supply SEQ.PROB. | PLANT SEQUENCE| SEQUENCE
DAMAGE| NUMBER DESCRIPTION
STATE
PT/CT Rupt 4 DGs 3 DGs 2 DGs 1 DG
ure & Cons Available Available Available Available
equential FOR 24h for 24h for 24h for 24h
Loss of ClI
IE-PCTR DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
2.79E-06 CONTD | PCTR-A1 IE-PCTR/UNAV-DGS=0
3.00E-06 , _
PCTRA 1.87E-07 CONTD | PCTR-A2 | IE-PCTR/UNAV-DGS=1
7.00E-02
AV-DGS < 4 2.11E-08 CONTD | PCTR-A3 IE-PCTR/UNAV-DGS=2
A1
AV-DGS < 3 1.81E-09 CONTD | PCTR-A4 | IE-PCTR/UNAV-DGS=3
8.60E-02
AV-DGS < 2 |g40£.02
AV-DGS < 1 1.73E-10 PDS1 PCTR-A01 | IE-PCTR/UNAV-DGS=4

PRESSURE TUBE RUPTURE (CALANDRIA TUBE RUPTURE)

CA\CAFTA\TREE(ET)\PCTR-A.TRE

03-12-03
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IE-PCTRI/CL4/A Support HTS MAKEUP Heat Sinks SEQ.PROB. | PLANT | SEQUENCE SEQUENCE
LL DG AV System DAMAGE| DESIGNATOR NUMBER
STATE
IE- Service DORMANT ECC |LONG TERM ECC Auxiliary Aux.
PCTR/CL4/ALL Water Feedwater Condensate
DGs AV (RSW+RCW) System System
IE-PCTR SWD1&D2 DECC LTC-ECC AFW ACND
2.62E-06 PDS8 | PCTR-AL PCTR-A11
2.00E-02 1.38E-07 PDS2 | PCTR-AT/ACND PCTR-A12
ACND
g.'(:)\(/)vE-o3 1.66E-08 PDS2 | PCTR-AT/AFW PCTR-A13
5.00E-03
2l 1.39E-08 PpS2 | PCTR-A1/LTC-ECC | PCTR-A14
2.79E-06 7.00E-04 ] _ _
219608 L 1.95E-09 PDS2 | PcTR-A1/DECC PCTR-A15
é'\?VOE'% 2.79E-11 NDF PCTR-A1/SW
PRESSURE TUBE RUPTURE (CALANDRIA TUBE RUPTURE) C:\CAFTA\TREE(ET)\PCTR-ALTRE 03-12-03
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PCTR-A2 Support HTS Make-up Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
System DAMAGE| DESIGNATOR NUMBER
STATE
IE- Service DORMANT ECC |LONG TERM ECC Auxiliary Aux.
PCTR/CL4/UNAV water Feedwater Condensate
-DGS=1 (RSW+RCW) System System
IE-PCTR SWD1&D2 DECC LTC-ECC AFW ACND
1.74E-07 PDS8 | PCTR-A2 PCTR-A21
2.00E-02 9.15E-09 PDS2 | PCTR-A2/ACND PCTR-A22
ACND
Xg\?vE'OZ 1.85E-09 PDS2 | PCTR-A2/AFW PCTR-A23
8.00E-03
Ll 1.49E-09 PDS2 | PCTR-A2ILTC-ECC | PCTR-A24
1.87E-07 2 00E-03 ] _ _
LE7EO7 e 3.74E-10 PDS2 | PcTR-A2/DECC PCTR-A25
é'\?VOE'O:‘" 1.87E-10 PDS2 | PCTR-A2/SW PCTR-A26
PRESSURE TUBE RUPTURE (CALANDRIA TUBE RUPTURE) C:\CAFTA\TREE(ET)\PCTR-A2.TRE 03-12-03
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PCTR-A3 Support HTS Make-up Heat Sinks SEQ.PROB. | PLANT | SEQUENCE SEQUENCE
System DAMAGE| DESIGNATOR NUMBER
STATE
IE- Service DORMANT ECC |LONG TERM ECC Auxiliary Aux.
PCTR/CL4/UNAV Water System Feedwater Condensate
-DGS=2 (RSW+RCW) Div System System
isions 1 & 2
IE-PCTR SWD1&D2 DECC LTC-ECC AFW ACND
1.85E-08 PDS8 | PCTR-A3 PCTR-A31
2.00E-02 9.72E-10 PDS2 | PCTR-A3/ACND PCTR-A32
ACND
2‘2\?\/'5'02 1.02E-09 PDS2 | PCTR-A3/AFW PCTR-A33
1.50E-02
Lot e 3.12E-10 PDS2 | PCTR-A3ILTC-ECC | PCTR-A34
211E-08 1.00E-02 ] _ _
211E08 L 2.10E-10 PDS2 | PCTR-A3/DECC PCTR-A35
i e 1.05E-10 NDF PCTR-A3/SW

PRESSURE TUBE RUPTURE (CALANDRIA TUBE RUPTURE) C:\CAFTA\TREE(ET)\PCTR-A3.TRE 03-12-03
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PCTR-A4 Support HTS Make-up Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
System DAMAGE| DESIGNATOR NUMBER
STATE
IE- Service DORMANT ECC |LONG TERM ECC Auxiliary AuX.
PCTR/CL4/3 Water System Feedwater Condensate
DG UN (RSW+RCW) Div System System
isions 1 & 2

IE-PCTR SWD1&D2 DECC LTC-ECC AFW ACND
1.43E-09 PDS8 PCTR-A4 PCTR-A41
5.00E-02 7.51E-11 PDS2 | PCTR-A4/ACND PCTR-A42

ACND
10 1.67E-10 PDS2 PCTR-A4/AFW PCTR-A43
AFW
5.00E-02
LTC-ECC 8.78E-11 PDS2 PCTR-A4/LTC-ECC PCTR-A44
1.81E-09 2.00E-02 ) i )
PCTRAA DECC 3.58E-11 PDS2 PCTR-A4/DECC PCTR-A45
Ll 1.81E-11 NDF PCTR-A4/SW

PRESSURE TUBE RUPTURE (CALANDRIA TUBE RUPTURE) C:\CAFTA\TREE(ET)\PCTR-A4.TRE 06-11-03
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Event Treefor Feeder Break

10810-03660-AR-001 2004/01/28
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Initiating Reactor Support Systems HTS Makeup Heat Sink SEQ.FREQ. | PLANT SEQUENCE SEQUENCE]
Event Shutdown DAMAGE| DESIGNATOR NUMBER
STATE
Feeder Break SDS1&SDS2 No Crash SWD1&D2 HTS Makeup Long Term FW Supply to Moderator
Consequential Cooldown (RSW/RCW) Cooling SGs Acts as Heat
loss of CL4 System (CL4 System (ECC Sink
Supply available) function)
|E-FBIO RS cL4 CcC SwD1&D2 DECC LTC-ECC FW MHS
1.89E-03 PDS7 IE-FBIO FBIO1
9.40E-07 PDS4 |IE-FBIO/FW FBIO2
5.00E-04
FW
f/igosE_OS 4.72E-09 PDS2 |IE-FBIO/FW/MHS FBIO3
9.45E-06 PDS4 IE-FBIO/LTC-ECC FBIO4
5.00E-03
LTC-ECC
s 4.75E-08 PDS2 | IE-FBIOLTC-ECC/MHS | FBIOS
1.32E-06 PDS4 |IE-FBIO/DECC FBIO6
7.00E-04
DECC
E’\';/ig()sE-OS 6.65E-09 PDS2 |IE-FBIO/DECC/MHS FBIO7
1.00E-05
SWD1&D? 1.90E-08 PDS2 IE-FBIO/SWD1&D2 FBIO8
LO0E05 1.90E-08 PDS1 | IE-FBIO/CC FBIOY
2.00E-03
E-FBIO 2R 1.00E-04 CONTD | IE-FBIO/CLA FBIO-A
e 2.00E-09 PDSO | IE-FBIORS FBIO10
Fig.1 (Feeder Break) Page(1) C:\CAFTA\TREE(ET)\FBIO-01.TRE 28-01-04
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FBIO-A Class 3 Power SEQ.FREQ. | PLANT | SEQUENCE SEQUENCE
DAMAGE| DESCRIPTION NUMBER
STATE
IE-FBIO/CL4 4 DGs 3 DGs 2 DGs 1 DG
( RS via available available available available
SDS1/2) for 24hrs. for 24hrs. for 24hrs. for 24hrs.
IE-FBIO DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
9.30E-05 CONTD | IE-FBIO/CL4/UNAV-DGS=0 FBIO-Al
1.00E-04
FBIO-A 6.23E-06 CONTD | IE-FBIO/CL4/UNAV-DGS=1 FBIO-A2
7.00E-02
AV-DGS<4 7.04E-07 CONTD | IE-FBIO/CL4/UNAV-DGS=2 FBIO-A3
11
AV-DGS<3
6.05E-08 CONTD | IE-FBIO/CL4/UNAV-DGS=3 FBIO-A4
8.60E-02
AV-DGS<2
8.70E-02 _
AV-DGS<T 5.76E-09 PDS1 IE-FBIO/CL4/UNAV-DGS=4 FBIO-1
Fig.2  (Feeder Break ) Page(2) C:\CAFTA\TREE(ET)\FBIO-02.TRE 20-01-04
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FBIO-A1 Heat Sink Support PHT Makeup HTS Makeup Heat Sink SEQ.FREQ. | PLANT SEQUENCE SEQUENCE
Systems DAMAGE| DESIGNATOR NUMBER
STATE
FBIO/LCLA4, Crash SWD1&D2 SW ECC Supply LT-ECC( Long AFW Supply Mod. Acts as
all 4-DGs Cooldown System (CL4 -Term ECC to S/Gs(CL4 Heat Sink
avaialable unavail.) Supply) unavail.)
IE-FBIO cc SWD1&D2 DECC LTC-ECC AFW MHS
9.19E-05 PDS7 | FBIO-AL FBIO-A11
5.50E-07 PDS4 | FBIO-ALAFW FBIO-AL2
6.00E-03
AFW
%a%Em 4.44E-09 PDS2 | FBIO-AAFW/MHS FBIO-A13
4.61E-07 PDS4 | FBIO-ALLTC-ECC FBIO-AL4
5.00E-03
LTC-ECC
?AaosEm 3.72E-09 PDS2 | FBIO-ALILTC-ECC/MHS | FBIO-A15
6.46E-08 PDS4 | FBIO-ALD-ECC FBIO-A16
7.00E-04
D-ECC
%a%E-oa 5.21E-10 PDS2 | FBIO-AL/D-ECC/MHS FBIO-AL7
9.30E-05
FBIO-AL
1.00E-05
SVt 9.30E-10 NDF FBIO-AL/SWD1&D2
é'gOE'O"S 9.30E-10 NDF FBIO-AL/CC
Fig.3 (Feeder Break) Page(3) C:\CAFTA\TREE(ET)\FBIO-03.TRE 03-06-03
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FBIO-A2 Heat Sink Support HTS Make-up Heat Sinks SEQ.FREQ. | PLANT | sEQuENCE SEQUENCE
Systems DAMAGE| DESIGNATOR NUMBER
STATE
FBIO/CL4 & 1- Crash SWD1&D2 SW Dormant ECC LTC-ECC AFW Supply Mod. Acts as
DG Cooldown System (Long-Term to S/Gs Heat Sink
unavailable ECC Supply)
IE-FBIO cc SWD1&D2 DECC LTC-ECC AFW MHS
6.10E-06 PDS7 | FBIO-A2 FBIO-A21
6.10E-08 PDS4 | FBIO-A2/AFW FBIO-A22
1.00E-02
AFW
ba%E-oz 6.16E-10 PDS2 | FBIO-A2/AFW/MHS FBIO-A23
4.92E-08 PDS4 | FBIO-A2/ILTC-ECC FBIO-A24
8.00E-03
LTC-ECC
baosE-oz 4.97E-10 PDS2 | FBIO-A2ILTC-ECC/MHS | FBIO-A25
1.23E-08 PDS4 | FBIO-A2IDECC FBIO-A26
2.00E-03
DECC
ba%E-oz 1.24E-10 PDS2 | FBIO-A2/DECC/IMHS FBIO-A27
6.23E-06
FBIO-A2
1.00E-03
SVt 6.23E-09 PDS1 | FBIO-A2/SWD1&D2 FBIO-A28
é'gOE'O"S 6.23E-11 NDF FBIO-A2/CC
Fig.4 (Feeder Break) Page(4) C:\CAFTA\TREE(ET)\FBIO-04.TRE 03-06-03
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FBIO-A3 Heat Sink Support HTS Make-up Heat Sinks SEQ.PROB. | PLANT | sEQUENCE SEQUENCE
Systems DAMAGE| DESIGNATOR NUMBER
STATE
FBIO/LCL4, 2- Crash SWD1&D2 SW Dormant ECC Long-Term AFW Supply Mod. Acts As
DGs Cooldown System Supply ECC Supply to S/Gs Heat Sink
unavailable
IE-FBIO cc SWD1&D2 DECC LTC-ECC AFW MHS
6.49E-07 PDS7 | FBIO-A3 FBIO-A31
3.24E-08 PDS4 | FBIO-A3/IAFW FBIO-A32
5.00E-02
AFW
%a%E-oz 1.71E-09 PDS2 | FBIO-A3/AFW/MHS FBIO-A33
9.88E-09 PDS4 | FBIO-A3/LTC-ECC FBIO-A34
1.50E-02
LTC-ECC
‘;’,iﬂOSE'OZ 5.20E-10 PDS2 | FBIO-A3ILTC-ECC/MHS | FBIO-A35
6.65E-09 PDS4 | FBIO-A3/IDECC FBIO-A36
1.00E-02
DECC
f/iﬂosE'Oz 3.50E-10 PDS2 | FBIO-A3/DECC/IMHS FBIO-A37
7.04E-07
FBIO-A3
5.00E-03
2O 3.52E-09 PDS2 | FBIO-A3/SWD1&D2 FBIO-A38
é-gOE'°5 7.04E-12 NDF FBIO-A3/CC
Fig.5 (Feeder Break) Page(5) C:\CAFTA\TREE(ET)\FBIO-05.TRE 03-06-03
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FBIO-A4 Heat Sink Support PHT Makeup HTS Makeup Heat Sink SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Systems DAMAGE| DESIGNATOR NUMBER
STATE
FBIO/LCL4, 3- Crash SWD1&D2 SW ECC System Long-Term AFW Supply Moderator
DGs Cooldown (RSW/RCW) ECC Supply to S/Gs Acts as Heat
unavaialable System Sink
IE-FBIO CcC SWD1&D2 DECC LTC-ECC AFW MHS
5.02E-08 PDS7 FBIO-A4 FBIO-A41
5.02E-09 PDS4 FBIO-A4/AFW FBIO-A42
.10
AFW
Mﬁos 5.58E-10 PDS2 FBIO-A4/AFW/MHS FBIO-A43
2.64E-09 PDS4 FBIO-A4/LTC-ECC FBIO-A44
5.00E-02
LTC-ECC
Mhos 2.93E-10 PDS2 FBIO-A4/LTC-ECC/MHS FBIO-A45
1.08E-09 PDS4 FBIO-A4/DECC FBIO-A46
2.00E-02
DECC
= 1.20E-10 PDS2 | FBIO-A4/DECCIMHS FBIO-A47
6.05E-08
FBIO-A4
1.00E-02
SWD1&D? 6.05E-10 NDF FBIO-A4/SWD1&D2
L 6.05E-13 NDF FBIO-A4/CC
Fig.6 (Feeder Break) Page(6) C:\CAFTA\TREE(ET)\FBIO-06.TRE 03-06-03
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Event Treefor Feeder Stagnation Break
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Initiating Reactor Heat Sink Support Systems HTS Makeup Operator HTS Make-up Heat Sink SEQ.FREQ. | PLANT SEQUENCE SEQUENCE]
Event Shutdown Action DAMAGE| DESIGNATOR NUMBER
STATE
Feeder Reactor Crash No Divisions 1 ECC Supply LT-ECC Operator Reserve FW Supply to
Stagnation Shutdown by Cooldown Consequential & 2 Service Supply to HTS Starts Reserv Water System SIGs
Break SDS1/SDS2 Loss of CL4 Water System e Water Make- Make-up to
Power Supply up to HTS HTS
IE-FSB RS cC CL4 SWD1&D2 DECC LTC-ECC ORWS-HTS RWS-HTS FwW
1.89E-04 PDS8 IE-FSB FSB1
200604 9.45E-08 PDS2 | IE-FSBIFW FSB2
9.30E-07 PDS8 IE-FSB/LTC-ECC FSB3
200204 4.65E-10 PDS2 | IE-FSBILTC-ECCIFW FSB4
1.00E-02
5.00E-03 RWSHTS 9.40E-09 PDS2 |E-FSB/LTC-ECC/RWS-HTS FSB5
LTC-ECC
1.00E-02
ORWS HTS 9.49E-09 PDS2 |IE-FSB/LTC-ECC/ORWS-HTS FSB6
7.00E-04
SEes 1.33E-07 PDS2 IE-FSB/DECC FSB7
1.00E-05
SWD18D2 1.90E-09 PDS2 |IE-FSB/SWD1&D2 FSB8
2.00E 02 1.00E-05 CoNTD | IE-FSBICL4 FSB-A
2.00E-04 X
=S L0005 2.00E-09 pps1 | IE-FsBICC FSB9
LOOLL0 2.00E-10 PDSO | IE-FSBIRS FSB10
Fig.1  (Feeder Stagnation Break) Page(1) C:\CAFTA\TREE(ET)\IE-FSB.TRE 22-01-04
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Transfer Class3 Power SEQ.FREQ. PLANT SEQUENCE| SEQUENCE
DAMAGE| NUMBER DESCRIPTION
STATE
IE-FSB with 4 DGs 3 DGs 2 DGs 1 DG
Loss of CL4 available available available available
(RS via for 24hrs. for 24hrs. for 24hrs. for 24hrs.
SDS1/2)
IE-FSB DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
9.30E-06 CONTD | FSB-Al IE-FSB/UNAV-DGS=0
1.00E-05
FSB-A 6.23E-07 CONTD | FSB-A2 IE-FSB/UNAV-DGS=1
7.00E-02
AV-DGS<4 7.04E-08 CONTD | FSB-A3 |E-FSB/UNAV-DGS=2
11
AV-DGS<3
6.05E-09 CONTD | FSB-A4 IE-FSB/UNAV-DGS=3
8.60E-02
AV-DGS<2
8.70E-02 —
AV-DGS<1 5.76E-10 NDF IE-FSB/UNAV-DGS=4
Fig.2 ( Feeder Stagnation Break ) Page(2) C:\CAFTA\TREE(ET)\FSB-A.TRE 16-06-03
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Transfer Support HTS Make-up Operator HTS Make-up Heat Sink SEQ.FREQ. | PLANT SEQUENCE SEQUENCE
Systems Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-FSB/CLA4, SWD1&/D2 ECC Long-Term Operator Reserve AFW Supply
all 4-DGs SW(RSW/RCW) ECC Supply Starts Reserv Water System to S/Gs
available System e Water Make- Make-up to
up to HTS HTS
IE-FSB SWD1&D2 DECC LTC-ECC ORWMKUP RWS-HTS AFW
9.19E-06 PDS8 FSB-A1 FSB-Al1
6.00E-03 5.55E-08 PDS2 | FsB-AlAFW FSB-AL2
AFW
4.53E-08 PDS8 FSB-A1/LTC-ECC FSB-A13
Lok 2.73E-10 PDS2 | FSB-ALILTC-ECCIAFW FSB-Al4
1.00E-02
5.00E-03 4.60E-10 PDS2 FSB-A1/LTC-ECC/RWS-HTS FSB-A15
RWS-HTS
LTC-ECC
1.00E-02
ORWMKUP 4.65E-10 PDS2 FSB-A1/LTC-ECC/ORWMKUP FSB-A16
9.30E-06
FSB-AL 7.00E-04
IjECC 6.51E-09 PDS2 FSB-A1/DECC FSB-Al17
1.00E-05
SWD1&D2 9.30E-11 NDF FSB-A1/SWD1&D2
Fig.3  (Feeder Stagnation Break) Page(3) C:\CAFTA\TREE(ET)\FSB-A1.TRE 25-07-03
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From FSBB Support HTS Make-up Operator HTS Make-up Heat Sinks SEQ.FREQ. | PLANT SEQUENCE SEQUENCE
Systems Action DAMAGE| DESIGNATOR NUMBER
STATE
FSB/LC4, 1- Service ECC Supply Long-Term Operator Reserve AFW Supply
DG Water System ECC Supply Starts Water Make- to S/IGs
unavailable Divisions 1 Reserve Water up to HTS
& 2 Make-up to
IE-FSB SWD1&D2 DECC LTC-ECC ORWMKP RWS-HTS AFW
6.10E-07 PDS8 FSB-A2 FSB-A21
L00E-02 6.16E-09 PDS2 | FSB-A2AFW FSB-A22
AFW
4.82E-09 PDS8 FSB-A2/LTC-ECC FSB-A23
L 4.87E-11 PDS2 | FSB-A2/LTC-ECC/IAFW FSB-A24
1.00E-02
8.00E-03 4.92E-11 PDS2 FSB-A2/LTC-ECC/RWS-HTS FSB-A25
RWS-HTS
LTC-ECC
1.00E-02
ORWMKP 4.97E-11 PDS2 FSB-A2/LTC-ECC/ORWMKP FSB-A26
6.23E-07
FSB-A2
2.00E-03
DECC 1.24E-09 PDS2 FSB-A2/DECC FSB-A27
1.00E-03
SWD1&D2 6.23E-10 NDF FSB-A2/SWD1&D2
Fig.4  (Feeder Stagnation Break) Page(4) C:\CAFTA\TREE(ET)\FSB-A2.TRE 25-07-03
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Transfer Support HTS Make-up Operator HTS Make-up Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Systems Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-FSB/CLA4, SWD1&D2 ECC Supply Long-Term Operator Reserve AFW Supply
2-DGs SW(RSW/RCW) ECC Supply Starts Water Make- to S/IGs
Unavailable System Reserve up to HTS
Water Make-up
IE-FSB SWD1&D2 DECC LTC-ECC ORWMKP RWS-HTS AFW
6.49E-08 PDS8 FSB-A3 FSB-A31
2.008-02 3.42E-09 PDS2 | FSB-A3/AFW FSB-A32
AFW
9.69E-10 PDS8 FSB-A3/LTC-ECC FSB-A33
e 5.10E-11 PDS2 | FSB-A3/LTC-ECC/IAFW FSB-A34
1.00E-02
1.50E-02 RWS-HTS 1.03E-11 PDS2 FSB-A3/LTC-ECC/RWS-HTS FSB-A35
LTC-ECC
1.00E-02
ORWMKP 1.04E-11 PDS2 FSB-A3/LTC-ECC/ORWMKP FSB-A36
7.04E-08
FSB-A3
1.00E-02
DECC 7.00E-10 NDF FSB-A3/DECC
5.00E-03
SWD1&D2 3.52E-10 NDF FSB-A3/SWD1&D2
Fig.5 (Feeder Stagnation Break) Page(5) C:\CAFTA\TREE(ET)\FSB-A3.TRE 25-07-03
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Transfer Support HTS Make-up Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Systems DAMAGE| DESIGNATOR NUMBER
STATE
IE-FSB/CL4, SWD1&D2 SW ECC Supply Long-Term AFW Supply
3-DGs (RSW/RCW) ECC Supply to S/Gs
unavailable System
IE-FSB SWD1&D2 DECC LTC-ECC AFW
5.02E-09 PDS8 FSB-A4 FSB-A41
.10
AFW 5.58E-10 PDS2 FSB-A4/AFW FSB-A42
5.00E-02
L TC-ECC 2.93E-10 NDF FSB-A4/LTC-ECC
6.05E-09 Lo 1.20E-10 NDF FSB-A4/DECC
FSB-A4
1.00E-02
SWD1&D? 6.05E-11 NDF FSB-A4/SWD1&D2
Fig.6 (Feeder Stagnation Break) Page(6) C:\CAFTA\TREE(ET)\FSB-A4.TRE 05-06-03
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Initiating Shutdown Pressure Support Systems SEQ.FREQ. CLASS SEQUENCE| SEQUENCE
event Systems Relief NUMBER DESIGNATOR
TOTAL LOSS OF REACTOR STEAM NO 4 DGs 3 DGs 2 DGs 1 DG
DIVISION #2 SHUTDOWN, GENERATOR PRES| CONSEQUENTIAL Available for Available for Available for Available for
SERVICE WATER RRS, SDS1 & SURE RELIEF (C | LOSS OF CLASS
(RSW / RCW) SDS2 SDVs +MSSVs) IV POWER
IE-SW-D2 RS SGPR CL4 DG-AV = 4 DG-AV = 3 DGS-AV = 2 DGS-AV = 1
4.75E-02 CONTD | SW2-A IE-SW-D2
2.32E-03 CONTD | Sw2-B |E-SW-D2/UNAV-DGS=0
5.00E-02 ,
CLA 1.56E-04 CONTD | sw2-C IE-SW-D2/UNAV-DGS=1
7.00E-02
AV-DGS < 4 1.76E-05 CONTD | SW2-D IE-SW-D2/UNAV-DGS=2
A1
AV-DGS < 3 1.51E-06 CONTD | SW2-E IE-SW-D2/UNAV-DGS=3
8.60E-02
AV-DGS < 2 8.70E-02
5.00E-02 AV-DGS =T 1.44E-07 CONTD | SW2-F IE-SW-D2/UNAV-DGS=4
IE-SW-D2
1.00E-06
SGPR 5.00E-08 MSLB
Ll 1.50E-09 PDSO | swp2-01 | IE-Sw-D2/Rs
TOTAL LOSS OF DIV.#2 SERVICE WATER FOR ACR  C:\CAFTA\TREE(ET)\I[E-SW-D2.TRE 20-01-04
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Initiating HT System Integrity Support Support Systems HTS Makeup Ultimate SEQ.FREQ. | PLANT SEQUENCE SEQUENCE]
Event Subset Actions Heat Sink DAMAGE| DESIGNATOR NUMBER
STATE
Total Loss HTS PUMP HTS PUMPS Operator CRASH DIVISION #1 Emergency Long Term Coo MODERATOR
of Div. 2 SW SEAL TRIP ON HIGH Trips HTS COOLDOWN SERVICE WATER Core Cooling ling ECC Syst SYSTEM AS
(RS & Cl4 Pow INTEGRITY UPPER Pumps System em (includes HEAT SINK
er Available) MAINTAINED BEARING TEMP. reserve water
IE-SW2-A CLPS PTHT OPTHT CcC D1sSwW DECC LTC-ECC MHS
4.73E-02 CONTD | SW2-A SW2-A-1
2.35E-04 CONT'D | SW2-A/PTHT SW2-A-2
2.35E-06 PDS4 SW2-A/PTHT/OPTHT SW2-A12
5.00E-03
PTHT 5.00E-03
MHS 1.18E-08 PDS2 SW2-A/PTHT/OPTHT/MHS SW2-A13
~ 5.00E-03
1.00E-02 1.19E-08 PDS2 SW2-A/PTHT/OPTHT/D1SW SW2-Al14
D1sSW
OPTHT
L0205 2.37E-11 NDF SW2-A/PTHT/OPTHT/CC
3.76E-06 CONT'D | SW2-A/CLPS SW2-A-3
4.75E-02
SW2-A 2.58E-09 PDS4 SW2-A/CLPS/DECC SW2-A20
7.00E-04 f/iaOSE'O?’ 1.30E-11 PDS2 SW2-A/CLPS/DECC/MHS SW2-A21
DECC
1.50E-02 3.95E-11 PDS1 SW2-A/CLPS/DECC/LTC-ECC SW2-A22
LTC-ECC !
5.00E-03 1.89E-08 PDS2 SW2-A/CLPS/D1SW SW2-A23
D1sSW
L0805 3.78E-11 NDF SW2-A/CLPS/CC
8.00E-05
CLPS 1.88E-08 PDS4 SW2-A/CLPS/PTHT SW2-A24
ﬁ/iE{OSE-O?’ 9.45E-11 PDS2 SW2-A/CLPS/PTHT/MHS SW2-A25
. 5.00E-03
5.00E-03 DiSw 9.50E-11 PDS2 SW2-A/CLPS/PTHT/D1SW SW2-A26
PTHT
(1:.((_):0E-05 1.90E-13 NDF SW2-A/CLPS/PTHT/CC
TOTAL LOSS OF DIVISION 2 SERVICE WATER FOR ACR C:\CAFTA\TREE(ET)\IE-SW2-A.TRE 22-01-04
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Initiating Support Heat Sinks Operator Heat Sink Op. Action / Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event Subset System Action Passive H.S. DAMAGE|] DESIGNATOR NUMBER
STATE
LOSS OF DIV.# DIV. #1 FEEDWATER CONDENSATE OPERATOR BOILER OP. OPENS Mss | LONG TERM AUTO- EMERGENCY
2 SW (HTS PUM | SERVICE WATER SYSTEM WATER SYSTEM | STARTS BPCC PRESSURE Vs /STEAM DIS | (SHUTDOWN) | DEPRESSURIZAT | FEEDWATER
PS INTEGRITY AVAILABLE (Main + Aux) AND SDC CONTROL | CHARGED PASSI COOLING ION WATER SUBSYSTEM
PRESERVED) SYSTEM COOLDOWN | VELY BY MSSVs SYSTEM SYSTEM
IE-SW-D2 D1SW Fw CND oBPCC BPCC OMSSV / SGPR LTC-SDC ADW EFW
4.70E-02 s Sw2-A-1
2.31E-05 s SW2-A-1/CND
2.34E-07 s SW2-A-1/CND/LTC-SDC
1.00E-02
1TC-5DC 1 00E-04
LO0 2.34E-11 PDS6 | SW2-A-L/CNDILTC-SDC/EFW SW2-AL
1.16E-07 s SW2-A-1/CND/BPCC
1.17E-09 s SW2-A-1/CND/BPCC/LTC-SDC
1.00E-02
5.00E-03 LTC-SDC 1.00E-04
BPCC Lo0 117E-13 PDS6 | SW2-A-LICND/BPCCILTC-SDC/EFW | Sw2-A2
5.00E-04
CND
LOOF 00 1.17E-10 NDF SW2-A-1/CND/BPCC/OMSSV
2.35E-08 s SW2-A-1/CND/OBPCC
1.00E-04
1 00E-03 LO0 2.35E-12 PDS6 | SW2-A-L/CND/OBPCC/EFW SW2-A3
OBPCC
L0004 2.35E-12 PDS6 | SW2-A-L/CND/OBPCC/ADW SW2-A4
4.66E-05 s SW2-A-LFW
L00E-04 4.66E-09 PDS6 | SW2-A-LFW/EFW SW2-A5
1.00E-03
= 4.71E-07 s SW2-A-L/FW/OMSSV
LIE02 1.00E-02 LO0E-04 471E-11 PDS6 | SW2-A-LIFW/OMSSV/EFW SW2-A6
OMSSV
L0004 471E-11 PDS6 | SW2-A-LIFW/OMSSV/ADW SW2-A7
2.36E-04 s SW2-A-1/D1SW
117607 s SW2-A-1/D1SW/CND
L0004 117E-11 PDS6 | SW2-A-1/DISW/CND/EFW SW2-A8
5.00E-04 3-805'03 5.89E-10 NDF SW2-A-1/D1SW/CND/BPCC
CND cC
3.00E.03 1.00E:03
ST LI0ED 1.18E-10 NDF SW2-A-1/D1SW/CND/OBPCC
7.00E-07 s SW2-A-1/DISW/AFW
3.00E-03 LO0E 04 7.09E-11 PDS1 | SW2-A-1/D1SW/AFW/EFW SW2-A8
AFW
Lgo0d 7.00E-11 PDS1 | SW2-A-L/DISW/AFW/ADW SW2-A9
TOTAL LOSS OF DIVISION #2 SERVICE WATER  C)\CAFTATREE(ET)\SW2-A-1.TRE 15-06-03
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Initiating Support Heat Sinks Operator Heat Sink Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE]
Event Subset System Action DAMAGE| DESIGNATOR NUMBER
STATE
LOSS OF DIV.# DIV. #1 FEEDWATER CONDENSATE OPERATOR BOILER LONG TERM AUTO- EMERGENCY
2 SW (HTS PUM | SERVICE WATER SYSTEM WATER SYSTEM | STARTS BPCC PRESSURE (SHUTDOWN) | DEPRESSURIZAT | FEEDWATER
PS TRIPPED BY AVAILABLE (Main + Aux.) AND SDC CONTROL COOLING ION WATER SUBSYSTEM
OPERATOR) SYSTEM COOLDOWN SYSTEM SYSTEM
IE-SW-D2 DISW Fw CND oBPCC BPCC LTC-SDC ADW EFW
2.33E-04 s SW2-A-2
1.15E-07 s SW2-A-2/CND
1.00E-02
Erme 1.16E-09 NDF SW2-A-2/CND/LTC-SDC
5.00E-04 2.00E.03 5.83E-10 NDF SW2-A-2/CND/BPCC
CND
1.00E-03
LO0ED. 1.17E-10 NDF SW2-A-2/CND/OBPCC
2.34E-07 s SW2-A-2FW
1.00E-03 LO0E04 2.34E-11 PDS6 | SW2-A-2/FW/EFW SW2-A10
2.35E-04 FW
SwzA-2 L.00E-04 2.34E-11 PDS6 | Sw2-A-2/FWiADW SW2-A11
ADW 34E- A -
1.17E-06 s SW2-A-2/D1SW
5.00E-03 SRl 5.86E-10 NDF SW2-A-2/D1SW/CND
DISW
3.00E-03 3.52E-09 NDF SW2-A-2/DLSW/AFW
TOTAL LOSS OF DIVISION #2 SERVICE WATER  CACAFTA\TREE(ET)\SW2-A-2.TRE 15-06-03
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Initiating Heat Sinks SEQ.PROB. | PLANT | SEQUENCE SEQUENCE
Event DAMAGE| DESIGNATOR NUMBER
STATE
Loss of Div.2 AUX. AUXILIARY EMERGENCY LONG TERM MODERATOR
SW -HT Pump | FEEDWATER CONDENSATE FEEDWATER ECC SYSTEM | SYSTEM AS A
Seals Damaged SYSTEM EXTRACTION SUBSYSTEM HEAT SINK
(CC Avail) AVAILABLE
IE-SW-D2 AFW ACND EFW LTC-ECC MHS
3.51E-06 s SW2-A-3
5.07E-08 PDS4 | SW2-A-3/LTC-ECC SW2-A15
1.50E-02
LTC-ECC 5 00E.02
T 2.67E-09 PDS2 | sw2-A-3ILTC-ECC/MHS SW2-A16
1.85E-07 s SW2-A-3/ACND
2.67E-09 PDS4 | SW2-A-3/ACNDILTC-ECC SW2-A17
1.50E-02
5.00E-02 LTC-ECC 5.00E-02
ACND 200 1.41E-10 PDS2 | SW2-A-3/ACNDILTC-ECC/IMHS | Sw2-A18
3.76E-06
SW2-A3
L.005-04 1.87E-11 NDF SW2-A-3/ACND/EFW
1.11E-08 s SW2-A-3/AFW
3.00E-03 Lob e 1.69E-10 NDF SW2-A-3/AFW/LTC-ECC
AFW
Looe ol 1.13E-12 NDF SW2-A-3/AFW/EFW
TOTAL LOSS OF DIVISON #2 SERVICE WATER  CA\CAFTA\TREE(ET)\SW2-A-3.TRE 22-01-04
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Initiating Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event System Action DAMAGE| DESIGNATOR NUMBER
STATE
LOSS OF DIVISION#1 AUXILIARY Auxiliary OPERATOR AUTO DE- Emergency LONG TERM
DIVISION#2 SW | SERVICE WATER | FEEDWATER Condensate OPENS MSSVs | PRESSURIZATIO Feedwater (SHUTDOWN)
WITH 4 CL3 D SYSTEM Extraction & STARTS SD N WATER Sub-System COOLING
Gs AVAILABLE COOLING SYSTEM SYSTEM
IE-SW-D2 DISW AFW ACND oMsSV ADW EFW LTC-SDC
2.18E-03 s sw2-B
1.15E-04 s SW2-B/ACND
7.22E-08 s SW2-B/ACND/EFW
7.00E-04
EFW "
- 8.02E-09 PDS6 | SW2-BIACND/EFW/LTC-SDC | Sw2-B1
C-5DC
5.00E-02
ACND
1.15E-07 s SW2-B/ACND/OMSSY
1 00E-03 Lo 8.03E-11 NDF SW2-B/ACND/OMSSV/EFW
OMSSV
— 1.15E-11 NDF SW2-B/ACND/OMSSV/ADW
1.38E-05 s SW2-B/AFW
8.72E-09 s SW2-B/AFW/EFW
7.00E-04
EFW 1
: 9.69E-10 PDS6 | SW2-BIAFW/EFW/LTC-SDC | Sw2-B2
TTc-sDC
6.00E-03
AFW
1.38E-08 s SW2-B/AFW/OMSSY
2.32E-03 7.00E-04
STZE) 1.00E-03 L0 9.69E-12 NDF SW2-B/AFW/OMSSV/EFW
OMSSV
Lo 1.39E-12 PDS6 | SW2-B/AFW/OMSSV/ADW Sw2-83
1.10E-05 s SW2-B/D1SW
5.76E-07 s SW2-B/DISW/ACND
5.00E-02 Ll 4.03E-10 PDS1 | SW2-B/D1SW/ACND/EFW Sw2-B4
ACND
5.00E-03 LOOEO3 5.77E-10 NDF SW2-B/D1SW/ACND/OMSSY
OMSSV
DISW
6.95E-08 s SW2-B/DISW/AFW
6.00E-03 £.00E-04 4.87E-11 PDS1 | SW2-B/D1SW/AFW/EFW Sw2-B5
AFW
L1.00E-04 6.96E-12 NDF SW2-B/DISW/AFW/ADW
ADW
TOTAL LOSS OF DIVISION 2 SERVICE WATER FOR ACR  C:\CAFTA\TREE(ET)IE-SW2-B.TRE 16-06-03
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Initiating Supprt System Heat Sinks Operator Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE]
Event Subset Action Action DAMAGE| DESIGNATOR NUMBER
STATE
LOSS OF DIVISION #1 AUXILIARY AUXILIARY OP. OPENS AUTO- Emergency OPERATOR SHUTDOWN
DIV#2 SW SERVICE WATER | FEEDWATER CONDENSATE MSSVs AND | DEPRESSURIZAT Feedwater INTIATES SDC COOLING
WITH 3 DGs SYSTEM EXTRACTION | STARTS SDC / ION WATER System NORMAL MODE SYSTEM
AVAILABLE EFW SYSTEM
IE-SW-D2 D1SW AFW ACND OMSSV ADW EFW OLTC-SDC LTC-SDC
1.45E-04 s sw2-c
7.63E-06 s SW2-C/ACND
2.65E-00 s SW2-C/ACND/EFW
7.00E-04. =L 2.65E-00 PDS6 | SW2-CIACND/EFWILTC-SDC | Swa-C1
EFW
2.00E-02 1.00E-02
ACND T 5.35E-11 PDS6 | SW2-CIACND/EFW/OLTC-SDC | Swa-C2
7.64E-00 s SW2-C/ACND/OMSSV
1.00E-03
OMSSV 1.00E-04
Lo 7.64E-13 PDS6 | SW2-CIACND/OMSSV/ADW Sw2-c3
1.54E-06 s SW2-CIAFW
5.35E-10 s SW2-C/IAFW/EFW
7.00E-04 =L 5.35E-10 PDS6 | SW2-CIAFW/EFWILTC-SDC Sw2-ca
1.00E-02 EFW
AFW 1.00E-02
2Ty 1.08E-11 PDS6 | SW2-CIAFW/EFW/OLTC-SDC | Swa-C5
1.56E-04 -
SW2.C
4.00E-04 1.54E-10 PDS6 | Sw2-CIAFW/ADW Sw2-C6
1.47E-06 s SW2-C/ID1SW
7.71E-08 s SW2-C/D1SW/ACND
5.00E-02 L.00E04 540E-11 | PDS1 | SW2-C/DISW/ACND/EFW sw2-c7
ACND
1.00E-02 LOOC-05 7.72E-11 NDF SW2-C/D1SW/ACND/OMSSV
OMSSV
DIsSW
1.56E-08 s SW2-C/ID1SW/AFW
1.00E-02 L.00E04 1.09E-11 PDS1 | SW2-C/IDISW/AFW/EFW swa-cs
AFW
o 1.56E-12 PDSL | SW2-C/DISW/AFW/ADW SW2-C9
TOTAL LOSS OF DIVISION #2 SERVICE WATER  C:A\CAFTATREE(ET)E-SW2-C.TRE 16-06-03
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Initiating Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event System Action DAMAGE| DESIGNATOR NUMBER
STATE
LOSS OF DIVISION #1 AUXILIARY AUXILIARY OPERATOR AUTO- Emergency LONG TERM
DIV#2 SW | SERVICE WATER | FEEDWATER CONDENSATE | OPENS MSSVs | DEPRESSURIZAT Feedwater (SHUTDOWN)
WITH 2 DGs SYSTEM EXTRACTION AND STARTS ION WATER System COOLING
AVAILABLE SDC /EFW SYSTEM SYSTEM
IE-SW-D2 D1SW AFW ACND OMSSV ADW EFW LTC-SDC
1.51E-05 s Sw2-D
7.93E-07 s SW2-DIACND
L0004 5.55E-10 NDF SW2-DIACND/EFW
5.00E-02
ACND 7.94E-10 s SW2-D/ACND/OMSSV
1.00E-03 £.00E-04 5.56E-13 NDF SW2-D/ACND/OMSSV/EFW
OMSSV
+00E.04 7.94E-14 PDS6 | SW2-D/ACND/OMSSV/ADW | Sw2-D1
8.35E-07 s SW2-DIAFW
5.00E-02 L 5.85E-10 PDS6 | Sw2-DIAFW/EFW SW2-D2
AFW
1.76E-05 P 8.36E-11 | PDS6 | Sw2-DIAFW/ADW SW2-D3
SW2D
7.94E-07 s SW2-D/DLSW
4.17E-08 s SW2-D/D1SW/ACND
5.00E-02 Lo ol 2.92E-11 PDS1 | Sw2-DIDISW/ACND/EFW | sw2-Da
ACND
5.00E-02 LOOE-03 4.18E-11 NDF SW2-D/ID1SW/ACND/OMSSV
OMSSV
DISW
4.40E-08 s SW2-D/D1SW/AFW
5.00E-02 £.00E-04 3.08E-11 NDF SW2-DIDLSW/AFW/EFW
AFW
Al 4.40E-12 NDF SW2-D/D1SW/AFW/ADW
TOTAL LOSS OF DIVISION #2 SERVICE WATER  C:A\CAFTA\TREE(ET)IE-SW2-D.TRE 16-06-03
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Initiating Heat Sinks SEQ.PROB. | PLANT | SEQUENCE SEQUENCE
Event DAMAGE| DESIGNATOR NUMBER
STATE
LOSS OF AUXILIARY AUXILIARY AUTO- Emergency
DIV#2 SW FEEDWATER CONDENSATE | DEPRESSURIZAT Feedwater
WITH 1 DG SYSTEM EXTRACTION ION WATER Sub-System
AVAILABLE SYSTEM
IE-SW-D2 AFW ACND ADW EFW
1.29E-06 s SW2-E
6.79E-08 s SW2-E/ACND
5. 00E-02 Lo0-04 4.76E-11 NDF SW2-E/ACND/EFW
ACND
1.51E-06 L.OOE-04 6.79E-12 NDF SW2-E/ACND/ADW
ADW
SW2.E
1.51E-07 s SW2-E/AFW
10 Lo0-04 1.06E-10 NDF SW2-E/AFW/EFW
AFW
1.00E-04
o 1.51E-11 NDF SW2-E/AFW/ADW
TOTAL LOSS OF DIVISION #2 SERVICE WATER  C:A\CAFTA\TREE(ET)IE-SW2-E.TRE 16-06-03
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Initiating Heat Sinks SEQ.PROB. PLANT SEQUENCE SEQUENCE
Event DAMAGE| DESIGNATOR | NUMBER
STATE
LOSS OF AUXILIARY AUTO- Emergency
DIV#2 SW FEEDWATER DEPRESSURIZAT Feedwater
(with CI3 DGs SYSTEM ION WATER Subsystem
unavailable) SYSTEM
IE-SW-D2 AFW ADW EFW
1.44E-07 S SW2-F
1 44E-07 EIQ\CI)VE_M 1.01E-10 PDS1 SW2-FIEFW | SW2-F1
SW2-F
1.00E-04 1.44E-11 PDS2 | sw2-FiaDw | sw2-F2
ADW
TOTAL LOSS OF DIVISION #2 SERVICE WATER CA\CAFTA\TREE(ETMIE-SW2-F.TRE 16-06-03




CONTROLLED - Licensing 10810-03660-AR-001 Page F-1
Rev. 1

Appendix F

Event Treefor Loss of Class |V Power to One Unit

10810-03660-AR-001 2004/01/28



CONTROLLED - Licensing

10810-03660-AR-001 Page F-2

Rev. 1
Initiating Reactor Trip Heat Sink HTS Integrity Operator SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event Action DAMAGE DESIGNATOR DESCRIPTION
STATE
Total Loss Reactor Steam No Conseq. Switchyard
of Class IV Shutdown Generator LOCA (HTS Restored in
Power Supply Pressure invent.loss 60 minutes
Relief via LRV)
IE-LCL4 RS SGPR CLPRV R60E4
1.80E-01 CONTD IE-LCL4 LCL4-A
.40
RG0OEA 1.20E-01 CONTD IE-LCL4/R60E4 LCL4-B
7.20E-07 CONTD IE-LCL4/CLPRV LCL4-C
4.00E-06
CLPRV
.40
R60EZ 4.80E-07 CONTD IE-LCL4/CLPRV/R60E4 LCL4-D
1.80E-06 MSLB IE-LCL4/SGPR LCL4-1
.30 1.00E-05
IE-LCL4 SGPR
.40
RE0OEA 1.20E-06 MSLB/CL4 | IE-LCL4/SGPR/R60E4 LCL4-2
1.00E-08
RRS&RS 3.00E-09 PDSO IE-LCL4/RRS&RS LCL4-3
Fig.1 (Total Loss of CLIV supply) Page(1) C\CAFTA\TREE(ET)\IELCL401.TRE 13-06-03
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From LCL4-A Support Heat Sink Operator Heat Sink Operator Heat Sink SEQ.FREQ. | PLANT SEQUENCE SEQUENCE
Systems Action Action DAMAGE| DESIGNATOR DESCRIPTION
STATE
LcL4, cLa SWD1&2 SW MFW Supply AFW Supply Condensate Auto De- EFW Supply Operator BPCC system Operator SDC System
restored in (CL4 power to S/Gs to S/Gs System pressurizatio to S/Gs statrts BPCC Starts LTC-
60 minutes unavail.) n Water system
System
IE-LCL4 SWD1&D2 MFW AFW cND ADW EFW oBPCC BPCC oLTC-sDC LTC-SDC
170601 | cont | icLaa LcLa-AL
628604 | s LCLA-AIMFW
3.14E-07 s LCL4-AIMFW/CND
LTl 3.14E-11 NDF LCLA-AIMFW/CND/EFW
5.00E-04 EFW
TND
LLOPLL 3.14E-11 NDF LCLA-AIMFW/CND/ADW
ADW
350E-03 189806 |s LCLA-AIMFW/AFW
L= —
185610 | LCLA-AIMFW/AFWIEFW
1.00E-02
1.87E-12 PDS6 | LCLa-AMFWIARW/EFWILTC-SDC LcLa-A2
1.00E-04 TTc-opC
EFW
WSS S 1.89E-12 NDF LCLA-AIMFW/AFW/EFW/OLTC-SDC
|5 0003 OLTC-S5C -
AFW
18
TCLAA 186610 | LCLA-AIMFW/AFW/ADW
200503 936E-13 | NDF LCLA-AIMFW/AFW/ADW/BPCC
L.00E-04 BPCC
ADW
LLOOEO; 2 ¥
e 1.89E-12 NDF LCL4-AIMFW/AFW/ADW/OBPCC
17906 |'s LCL4-AISWD1&D2
B97E-10 | LCL4-A/'SWD1&D2/CND
LIOPrl 8.97E-14 NDF LCL4-A/SWD1&D2/CND/EFW
5.00E-04 EFW
TND
1.00E-04
1 00E-05 Lo0E go7E-14 | NDF LCL4-A/'SWD1&D2/CND/ADW
SWOIRD?
540809 | LCL4-AISWD1&D2IAFW
Ll 5.40E-13 NDF LCL4-AISWD1&D2IAFW/EFW
L3.00E:03 B
AFW
Lo0E 04 5.40E-13 NDF LCL4-A/SWD1&D2/AFWIADW

Fig.2 (Total Loss of CL4 supply) Page(2) C\CAFTA\TREE(ET)IELCL402.TRE 28-01-04
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From LCL4-Al Heat Sink Operator Heat Sink Operator Heat Sink SEQ.FREQ. PLANT SEQUENCE SEQUENCE
Action Action DAMAGE| DESIGNATOR DESCRIPTION
STATE
LCL4, Class4 Main Auto De- EFW Supply Operator Boiler Pres. Operator Long Term
restored in Condensate pressurizatio to S/Gs Starts BPCC Control Starts LTC- Cooling
60 minutes System Fails n Water System Cooling SDC System (SDC
System System Mode)
IE-LCL4 CND ADW EFW OBPCC BPCC OLTC-SDC LTC-SDC
1.80E-01 S LCL4-A1
9.00E-05 S LCL4-A1/CND
8.82E-09 S LCL4-A1/CND/EFW
.18
LCL4-Al
1.00E-02
8.91E-11 PDS6 LCL4-A1/CND/EFW/LTC-SDC LCL4-A11
1.00E-04 LTC-SDC
EFW
1.00E-02
OLTC.SDC 9.00E-11 PDS6 LCL4-A1/CND/EFW/OLTC-SDC LCL4-A12
5.00E-04 8.69E-09 S LCL4-A1/CND/ADW
CND
1.00E-02
1TC-5DC 8.78E-11 PDS6 LCL4-A1/CND/ADW/LTC-SDC LCL4-A13
1.00E-02
OLTC.SDC 8.87E-11 NDF LCL4-A1/CND/ADW/OLTC-SDC
1.00E-04 2R 4.46E-11 NDF LCL4-AL/CND/ADW/BPCC
ADW
1.00E-02
OBPCC 9.00E-11 NDF LCL4-A1/CND/ADW/OBPCC
Fig.3 (Total Loss of CL4 supply) Page(3) C:\CAFTA\TREE(ET)\IELCL403.TRE 28-01-04
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From LCL4-B Class3 Power SEQ.FREQ. PLANT SEQUENCE
DAMAGE| DESCRIPTION
STATE
LCL4/R60E4 & 4 DGs 3 DGs 2 DGs 1 DG
no conseqt. available available available available
LOCA via LRVs for 24hrs. for 24 hrs. for 24 hrs. for 24 hrs.
IE-LCL4 DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
1.12E-01 CONTD | LCL4-B1
12
LCL4-B 7.48E-03 CONTD | LCL4-B2
7.00E-02
AV-DGS<4 8.45E-04 CONTD | LCL4-B3
A1
AV-DGS<3
7.26E-05 CONTD | LCL4-B4
8.60E-02
AV-DGS<2
8.70E-02
AV-DGS<1 6.91E-06 CONTD | LCL4-B5
Fig.4 (Total Loss of CL4 supply) Page(4) C:\CAFTA\TREE(ET)\IELCL404.TRE 13-06-03
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From LCL4-B1 Support Heat Sink Operator Action Heat Sink SEQFREQ. | PLANT | SEQUENCE SEQUENCE
Systems DAMAGE| DESIGNATOR DESCRIPTION
STATE
LCL4/R60EA - SWD1&D2 SW AFW Supply Auxiliary auto- EFW Supply Operator Operator SDC System
at loast 4- (CL4 power 10 SGs Condensate depressurizat 0 S/Gs Opens MSSVs Starts LTC-
DGs available unavail) Pump on water 10 De-pressur sbc
system ize SGs
IE-LCL4 SwD1&D2 AFW ACND ADW EFW omssY oLTC-SDC LTC-SDC
1.06E-01 S LCL4-B1
556603 | S LCL4-BUACND
3.82E-06 S LCL4-BI/ACND/EFW
IN{o=So] 3.86E-08 PDS6 LCL4-B1I/ACND/EFW/LTC-SDC LCL4-B11
EFW
oy 390E08 | PDS6 | LCL4-BUACNDEFW/OLTC-SDC | LCL4-B12
| ees/acul RN
ACND
540807 | s LCL4-BUACNDIADW
IN{o=So] 5.46E-09 PDS6 LCL4-B1I/ACND/ADW/LTC-SDC LCL4-B13
504 OLTC-S0C 5.51E-09 PDS6 LCL4-B1/ACND/ADW/OLTC-SDC LCL4-B14
ADW
i 55760 | PDS6 | LCL4-BUACNDIADWIOMSSY LcLa-B15
6.71E-04 S LCL4-BL/AFW
4.61E-07 S LCL4-BI/AFW/EFW
TTC-eDC 4.66E-09 PDS6 LCL4-B1I/AFW/EFW/LTC-SDC LCL4-B16
] 4 70E 09 | PDS6 | LCL4BUAFWEFWIOLTCSDC | LCLA-BI7
TREN I
AFW
6.52E-08 S LCL4-BL/AFW/ADW
1l
LCL4-BL e L PDS6 | LCL4-BIAFW/ADWILTC-SDC LcLa-B18

LTC-SDC

i §3§ 04 - 6.65E-10 NDF LCL4-B1/AFW/ADW/OLTC-SDC

L2 672610 | NDF | LCL4-BUAFWADWIOMSSY
1.06E-06 S LCL4-B1/SWD1&D2
5.56E-08 S LCL4-B1/SWD1&D2/ACND
LLg0e0s 390E11 | NDF | LCL4-BUSWD1&D2/ACNDIEFW
ACND
00 00204 557E-12 NDF LCL4-B1/SWD1&D2/ACND/ADW
SWD1&D2
6.71E-09 S LCL4-B1/SWD1&D2/AFW
470e12 | NDF | LCL4-BUSWD1ED2AFWEFW
LA =S
AFW
LL00C04 672613 | NDF | LCL4-BUSWD1&D2AFWADW

Fig5 (Total Loss of CL4 supply) Page(s) C:\CAFTA\TREE(ET)IELCLA05.TRE 28-01-04
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From LCL4-B2 Support Heat Sink Operator Action Heat Sink SEQ.FREQ. | PLANT SEQUENCE SEQUENCE
Systems DAMAGE] DESIGNATOR DESCRIPTION
STATE
LCL4/R60E4, SWD1&D2 SW AFW Supply Aux. Auto De- Emergency FW Operator Operator LTC-SDC
at least 3- System to SGs Condensate pressurizatio Supply to SGs Opens MSSVs Starts LTC- System
DGs available Pump System n Water to De-pressur SDC
System ize SGs
IE-LCL4 SWD1&D2 AFW ACND ADW EFW OMSSsV OLTC-SDC LTC-SDC
7.03E-03 S LCL4-B2
3.70E-04 S LCL4-B2/ACND
2.43E-07 S LCL4-B2/ACND/EFW
5.00E-02
7.00E-04 RIS 1.28E-08 PDS6 LCL4-B2/ACND/EFW/LTC-SDC LCL4-B21
EFW
LO0EL2 2.59E-09 PDS6 | LCL4-B2/ACND/IEFW/OLTC-SDC | LCL4-B22
OLTC-SDC )
5.00E-02
ACND 3.44E-08 S LCL4-B2/ACND/ADW
5.00E-02
LTC-SDC 1.81E-09 PDS6 LCL4-B2/ACND/ADW/LTC-SDC LCL4-B23
3 1.00E-02
/1\.83\55 04 RIS 3.66E-10 NDF LCL4-B2/ACND/ADW/OLTC-SDC
1.00E-02
OMSSY 3.70E-10 NDF LCL4-B2/ACND/ADW/OMSSV
7.47E-05 S LCL4-B2/AFW
4.92E-08 S LCL4-B2/AFW/EFW
5.00E-02
7 00E-04 RS 2.59E-09 PDS6 LCL4-B2/AFW/EFW/LTC-SDC LCL4-B24
EFW
1.00E-02
oLTCSDC 5.23E-10 NDF LCL4-B2/AFW/EFW/OLTC-SDC
1.00E-02
AFW 6.96E-09 S LCL4-B2/AFW/ADW
7.48E-03 5.00E-02
LCL4-B2 L:I'C-SDC 3.66E-10 PDS6 LCL4-B2/AFW/ADW/LTC-SDC LCL4-B25
1.00E-02
1.00E-04 - - -
AIg\ON 0. oLTCSDC 7.40E-11 NDF LCL4-B2/AFW/ADW/OLTC-SDC
1.00E-02
OMSSY 7.47E-11 NDF LCL4-B2/AFW/ADW/OMSSV
7.03E-06 S LCL4-B2/SWD1&D2
3.70E-07 S LCL4-B2/SWD1&D2/ACND
5.00E-02 E'SSVE'OA 2.59E-10 NDF LCL4-B2/SWD1&D2/ACND/EFW
ACND
1.00E-04
1.00E-03 ADW 3.70E-11 NDF LCL4-B2/SWD1&D2/ACND/ADW
SWD1&D2
7.47E-08 S LCL4-B2/SWD1&D2/AFW
1.00E-02 E'SSVE'O“ 5.24E-11 NDF LCL4-B2/SWD1&D2/AFW/EFW
AFW
100204 748E-12 | NDF LCL4-B2/SWD1&D2/AFW/ADW
Fig.6 (Total Loss of CL4 supply) Page(6) C:\CAFTA\TREE(ET)\IELCL406.TRE 28-01-04
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From LCL4-B3 Support Heat Sink Operator Action Heat Sink SEQ.PROB. PLANT SEQUENCE SEQUENCE
Systems DAMAGE| DESIGNATOR DESCRIPTION
STATE
LCL4/R60E4 & SWD1&D2 SW AFW Supply Aux. Auto De- EFW Supply Operator Operator LTC-SDC
at least 2- System 10 SGs Condensate pressurizatio 0 S/Gs Opens MSSVs Starts LTC- System
DGs available (CL42-DGs Pump System n Water o depress. soc
unavail) System
E-LCL4 swp1eD2 AFW ACND ADW EFW OMSSV oLTC-SDC LTC-SDC
7.59E-04 S LCL4-B3
300E05  |s LCL4-B3/ACND
2.49E-08 S LCL4-B3/ACND/EFW
10
R[] 2.77E-09 PDS6 LCL4-B3/ACND/EFW/LTC-SDC LCL4-B31
e
oy 280610 | NDF | LCL4-BIACNDIEFWIOLTC-SDC
| ees/acul RN
ACND
ss2e00  |s LCL4-B3IACNDIADW
10
——r 3.91E-10 PDS6 | LCL4-B3/ACND/ADWI/LTC-SDC LCL4-B32
504 OLTC-S0C 3.95E-11 NDF LCL4-B3/ACND/ADW/OLTC-SDC
ADW
LLO0C 02 2 X
LO0E0; seee11  |nNDF | LoLa-B3ACNDIADWIOMSSY
4.20E-05 S LCL4-B3/AFW
2.62E-08 S LCL4-B3/AFW/EFW
a 2.91E-09 PDS6 LCL4-B3/AFW/EFW/SDC2 LCL4-B33
ogmos Socz
e 20460 | NOF | LCL4-BIAFWIEFWIOLTC-SDC
| e
AW
3.71E-09 S LCL4-B3/AFW/ADW
10
R[] 4.12E-10 PDS6 LCL4-B3/AFW/ADW/LTC-SDC LCL4-B34
A0 oy 416611 | NDF | LCL4-BIAFW/ADWIOLTC-SDC
L2 420611 | NDF | LCL4-BI/AFWIADWIOMSSY
3.81E-06 S LCL4-B3/SWD1&D2
2.01E-07 S LCL4-B3/SWD1&D2/ACND
LLg0e0s 140610 | NDF | LCL4-B3ISWD18D2IACNDIEFW
ACND
L0204 2 X
5000 W 2.01E-11 NDF LCL4-B3/SWD1&D2/ACND/ADW
SWD1&D2
2.11E-07 S LCL4-B3/SWD1&D2/AFW
148e-0 | noF | LoLa-BaswD1eDZIARWIERW
| el =S —
AFW
LL00C04 211611 | NDF | LCLA4-BI/SWD1ED2AFWADW

Fig.7  (Total Loss of CL4 supply) Page(7) C:\CAFTA\TREE(ET)IELCLAO7.TRE 28-01-04
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From LCL4-B4 Support Heat Sink Operator Heat Sink SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Systems Action DAMAGE| DESIGNATOR NUMBER
STATE
LCL4/R60EA4, SWD1&D2 sSW AFW Supply Aux. Auto De- EFW Supply Operator LTC-SDC
at least 1- System to SGs Condensate pressurizatio to S/Gs Starts LTC- System
DG available Pump System n Water SDC
System
LCL4-B4 SWD1&D2 AFW ACND ADW EFW oLTC-sDC LTC-SDC
6.15E-05 s LCL4/R60E4/3-DGS
3.23E-06 s LCL4/R60E4/3-DGS/ACND
L.00E-04 2.26E-09 NDF LCL4/R60E4/3-DGS/ACND/EFW
5.00E-02 EFW
ACND
00204 3.23E-10 NDF LCL4/R60E4/3-DGS/ACND/ADW
7.18E-06 s LCL4/R60E4/3-DGSIAFW
LO0E04 5.03E-09 NDF LCL4/R60E4/3-DGS/AFW/EFW
10 EFW
AFW
7.26E-05
LCLA/R60EA/3-DGS Lo0E-08
et 7.19E-10 NDF LCL4/R60E4/3-DGS/AFW/ADW
6.53E-07 s LCL4/R60E4/3-DGS/SWD1&D2
1.00E-02 7.25E-08 s LCL4/R60E4/3-DGS/SWD1&D2/AFW
SWD1&D?
. o 5.08E-11 NDF LCL4/R60E4/3-DGS/SWD1&D2/AFW/EFW
AFW
00204 7.26E-12 NDF LCL4/R60E4/3-DGS/SWD1&D2/AFW/ADW
Fig.8 (Total Loss of CL4 supply) Page(8) C:\CAFTA\TREE(ET)\IELCL408.TRE 28-01-04
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From LCL4- Heat Sink Support HTS Make- Heat Sink Operator Heat Sink SEQ.PROB. | PLANT SEQUENCE SEQUENCE
C System up Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-CLIV/CL Crash (RSW/RCW) D-ECC Long-term Operator FW Supply AFW EFW
PRV(conseq Cooldown System Supply to ECC supply starts to S/Gs supply to supply to
.LOCA), CL HTS MFW supply S/Gs SIGs
4 restored
IE-LCL4 cc SWD1&D2 DECC LTECC OMFW FW AFW EFW
7.15E-07 S LCL4-C
3.59E-09 S LCL4-C/LTECC
1.79E-12 S LCL4-C/LTECC/FW
5.00E-04
FW
5.00E-03
LTECC S 5.38E-15 NDF LCL4-CILTECC/FW/AFW
1.00E-03
OMEW 3.59E-12 NDF LCL4-C/LTECC/OMFW
7.00E-04
DECC 5.03E-10 NDF LCL4-C/DECC
7.19E-07
LCL4-C 1.00E-05
SWDI&D2 7.19E-12 NDF LCL4-C/SWD1&D2
Lbe 7.19E-12 NDF LcL4-C/CC
Fig.9 (Total Loss of CL4 supply) Page(9) C:\CAFTA\TREE(ET)\IELCL409.TRE 16-06-03
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From LCL4-D Class3 Power SEQ.FREQ. | PLANT | SEQUENCE SEQUENCE
DAMAGE| DESCRIPTION DESIGNATOR
STATE
LCL4/R60E4, 4 DGs 3 DGs 2 DGs 1 DG
conseqt. available available available available
LOCA via LRVs for 24hrs. for 24hrs. for 24 hrs. for 24hrs.
IE-LCL4 DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
4.46E-07 CONTD | LCL4-D1 LCL4-D/UNAV-DGS=0
4.80E-07
LCL4-D 2.99E-08 CONTD LCL4-D2 LCL4-D/UNAV-DGS=1
7.00E-02
AV-DGS<4 3.38E-09 CONTD | LCL4-D3 LCL4-D/UNAV-DGS=2
11
AV-DGS<3
2.90E-10 NDF LCL4-D/UNAV-DGS=3
8.60E-02
AV-DGS<2
8.70E-02 _
AV-DGS<1 2.77E-11 NDF LCL4-D/UNAV-DGS=4

Fig.10 (Total Loss of CL4 supply) Page(10) C:\CAFTA\TREE(ET)\IELCL410.TRE 13-06-03
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From LCL4- Heat Sink Support HTS Makeup Heat Sink SEQ.PROB. | CLASS | SEQUENCE SEQUENCE
D1 System DESIGNATOR NUMBER
LCLIV/ICLPR Crash SWD1&D2 D-ECC Long-term AFW AuX.
V/R60E4 Cooldown sSw Supply to ECC Supply Supply to Condensate
(4-DGs (RSW/RCW) HTS S/Gs System
available) System
IE-LCL4 cC SWD1&D2 DECC LTECC AFW ACND
4.46E-07 S LCL4-D1
7.00E-04
DECC 3.12E-10 NDF LCL4-D1/DECC
4.46E-07 Jé\?v(gzlggg 4.46E-12 NDF LCL4-D1/SWD1&D2
LCL4-D1
T 4.46E-12 NDF | LcL4-D1/CC
Fig.11 (Total Loss of CL4 supply) Page(11) C:\CAFTA\TREE(ET\ELCL411.TRE 16-06-03
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From LCL4- Heat Sink Support HTS Makeup Heat Sink SEQ.PROB. | CLASS | SEQUENCE SEQUENCE
D2 System DESIGNATOR NUMBER
LCLIVICLPR Crash SWD1&D2 Emergency Long-term AFW Auxiliary EFW Moderator
V/R60E4(3- Cooldown SW(RSW/RCW | Core Cooli ECC Supply Supply to Condensate Supply to Acts as
DGs ) System ng Supply S/Gs System SGs Heat Sink
available) to HTS
IE-LCL4 CcC SWD1&D2 DECC LTECC AFW ACND EFW MHS
2.96E-08 S LCL4-D2
2.36E-10 S LCL4-D2/LTECC
8.00E-03
LTECC
2.27E-12 S LCL4-D2/LTECC/AFW
1.00E-02
AFW
2.00E:02 1.19E-13 NDF | LCL4-D2/LTECC/AFW/ACND
ACND
2.99E-08
LCL4-D2
2.00E-03
DECC 5.98E-11 NDF LCL4-D2/DECC
Lok 2.99E-13 NDF | LcLa-D2icc
Fig.12 (Total Loss of CL4 supply) Page(12) C:\CAFTA\TREE(ET)\IELCL412.TRE 16-06-03
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From LCL4- Heat Sink Support HTS Makeup Heat Sink SEQ.PROB. | CLASS | SEQUENCE
D3 System DESIGNATOR
LCLIVICLPR Crash SWD1&D2 Emergency Long-term AFW Auxiliary EFW Moderator
V/R60E4(2- Cooldown SW(RSW/RCW /| Core Cooli ECC Supply Supply to Condensate Supply to Acts as
DGs ) System ng Supply S/Gs System SGs Heat Sink
available) to HTS
IE-LCL4 CcC SWD1&D2 DECC LTECC AFW ACND EFW MHS
3.35E-09 S LCL4-D3
8.00E-03
TTECC 2.70E-11 NDF LCL4-D3/LTECC
3.38E-09 ZDSgEC_(B 6.76E-12 NDF LCL4-D3/DECC
LCL4-D3
L 3.38E-14 NDF | LcLa-D3/CC
Fig.13 (Total Loss of CL4 supply) Page(13) C:\CAFTA\TREE(ET)\IELCL413.TRE 03-12-03
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From LCL4- Heat Sink SEQ.PROB. PLANT SEQUENCE SEQUENCE
B5 DAMAGE| DESIGNATOR NUMBER
STATE
Loss of ClI Operator EFW
ass 4 and Opens MSSV supply to
All 4DGs U s within 6 S/Gs
navailable 0 mins.
IE-LCL4 OMSSV EFW
6.84E-06 S LCL4-B5
E‘E\?VE'O“ 4.79E-09 PDS2 | LCL4-BS/EFW LCL4-B51
6.91E-06
LCL4-B5
1.00E-02
OMSSY 6.91E-08 PDS2 LCL4-B5/0OMSSV LCL4-B52

Fig.14 (Loss of CL4&CL3 power supplies) Page(14) C\CAFTA\TREE(ET)IELCL414.TRE 16-06-03
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Event Treefor Lossof Inventory in Shield Cooling System

10810-03660-AR-001 2004/01/28
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Initiating Reactor Shutdown Support System Heat Sinks SEQ.PROB. | PDS SEQUENCE SEQUENCE]
Event DESIGNATOR NUMBER
Loss of RS via Operator Reactor No Consequ Divisions Feedwater Condensate Oprtr SG Operator MSSVs open Long term Auto De- Emergency
SC invento SETB on Initiates Shutdown ential Los #1 & #2 (MFW+AFW) System starts SG Pressure Starts cooling Pressurisa Feedwater
ry via pip low SC RS via (SDS1/SDS2 s of CL4 P Service Wa (Main+Aux. Press CC Control MSSVs tion Water Subsystem
e break Level SDS1/SDS2 ) ower Suppl ter System & LTC-SDC Cooldown System
|E-SCB RRS ORS RS CL4 SWD1&D2 FW CND OBPCC BPCC OMSSV MSSV LTC-SDC ADW EFW
3.66E-04 S IE-SCB
1.84E-06 S |E-SCB/BPCC
5.00E-03
BPCC
1.00E-05
MSSV 1.84E-11 NDF |IE-SCB/BPCC/MSSV
200804 18407 | contp | IE-scBICND SCB-A
1.84E-07 S |E-SCB/FW
LLOOE04 {1 gak-11 PDS6 | IE-SCBIFWEFW SCB-1
5.00E-04 EFW
FW
1.00E-04
ADW 1.84E-11 PDS6 |E-SCB/FW/ADW SCB-2
3.49E-09 S |IE-SCB/SWD1&D2
1.00E-05
ESY 3.49E-14 NDF |E-SCB/SWD1&D2/MSSV
1.84E-10 S |E-SCB/SWD1&D2/ACND
1.00E-04
RRS 5 00E.02 =W 1.84E-14 PDS6 |IE-SCB/SWD1&D2/ACND/EFW SCB-3
1.00E-05 ACND
SWD1&D2
Lo0e 00 18415 | NDF IE-SCB/SWD1&D2/ACND/MSSV
2.002:03 11e1r | NDF IE-SCB/SWD1&D2IAFW
AFW
4.00E-04
1E-SCB
(S:.ESE-OZ 1.94E-05 CONTD | IE-SCB/CL4 SCB-B
1.20E-05 CONTD | IE-SCB/RRS SCB-C
LO0E06 120611 | Poso | IE-SCB/RRSIRS SCB-4
3.00E-02
RRS
L00E00 120e:10 | Ppso | iE-scB/RRSIORS SCB-5
SCB-Loss of SC inventory via pipe break C:\CAFTA\TREE(ET)\IE-SCB.TRE 22-01-04
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Accident Heat Sinks SEQ.PROB. | PDS | SEQUENCE
Initiator DESIGNATOR
LOSC\RS\CL Oprtr.star SG Operator MSSVs Open Long Term Auto De- Emergency
A\SW\FW/CN ts SG Pressure opens the Cooling Pressur. Feedwater
D UNAV Press CC Control MSSVs & Water Subsystem
& LTC-SDC Cooldown Starts SDC System
SCB-A OBPCC BPCC OMSSsV MSSV LTC-SDC ADW EFW
1.83E-07 S SCB-A
9.09E-10 S SCB-A/BPCC
1.00E-02
TC-SDC 9.18E-12 NDF | SCB-A/BPCC/LTC-SDC
5.00E-03 1.00E-09 9.18E-15 NDF | SCB-A/BPCC/MSSV
MSSV
BPCC
1.00E-03
OMSSY 9.19E-13 NDF | SCB-A/BPCC/OMSSV
1.84E-07
SCB-A
1.82E-10 S SCB-A/OBPCC
1.00E-02
LTC-SDC 1.84E-12 NDF | SCB-A/OBPCC/LTC-SDC
1.00E-03 i 184E-15 | NDF | SCB-A/OBPCCIMSSV
OBPCC
1.00E-03
OMSSY 1.84E-13 NDF | SCB-A/OBPCC/OMSSV

SCB-Loss of SC inventory via pipe break

C:\CAFTA\TREE(ET)\SCB-A.TRE

03-12-03
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Initiating Class 1ll Power Supply SEQ.PROB. | PLANT SEQUENCE| SEQUENCE
Event DAMAGE| NUMBER DESIGNATOR
STATE
LOSC\RS/CL 4 DGs 3 DGs 2 DGs 1 DG
4 Available Available Available Available
for 24h for 24h for 24h for 24h
SCB-B DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
1.80E-05 CONT'D | SCB-B1 IE-SCB/CL4/UNAV-DGS=0
1.94E-05
SCB\RS/CLZ 1.21E-06 CONT'D | SCB-B2 IE-SCB/CL4/UNAV-DGS=1
7.00E-02
AV-DGS < 4 1.37E-07 CONT'D | SCB-B3 IE-SCB/CL4/UNAV-DGS=2
11
AV-DGS < 3 1.17E-08 CONT'D | SCB-B4 IE-SCB/CL4/UNAV-DGS=3
8.60E-02
AV-DGS < 2 8.70E-02
AV-DGS < 1 1.12E-09 PDS2 SCB-B-1 IE-SCB/CL4/UNAV-DGS=4

SCB-Loss of SC inventory via pipe break

C:\CAFTA\TREE(ET)\SCB-B.TRE

11-06-03
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Initiating Support Heat Sinks SEQ.PROB. | PDS SEQUENCE SEQUENCE]
Event System DESIGNATOR NUMBER
LOSC\RS/CL Divisions Auxiliary Auxiliary Oprtr.star SG Operator MSSVs Open Long Term Auto De- Emergency
AALL DGS #1 & #2 Feedwater Condensate ts SG Pressure opens the Cooling Pressur. Feedwater
AV Service Wa System System Press CC Control MSSV & sta Water Subsystem
ter System & LTC-SDC Cooldown rts LTCSDC System
SCB-B1 SWD1&D2 AFW ACND OBPCC BPCC OMSSsV MSSV LTC-SDC ADW EFW
1.70E-05 S SCB-B1
1.68E-10 S SCB-B1/MSSV
1.00E-05
MSSV
1.00E-02
Trc-sDC 1.70E-12 NDF SCB-B1/MSSV/LTC-SDC
8.85E-07 S SCB-B1/ACND
8.93E-09 S SCB-B1/ACND/LTC-SDC
1.00E-02
LTC-SDC
LO0E04 6.26E-12 NDF | scB-BUACNDILTC-SDC/EFW
1.00E-05
SSY 8.94E-12 NDF SCB-B1/ACND/MSSV
5.00E-02
ACND
8.94E-10 S SCB-B1/ACND/OMSSV
LO0C-0] 6.26E-13 NDF | SCB-B/ACND/OMSSV/EFW
1.00E-03 EFW
OMSSV
00E-04 895E-14 | NDF | SCB-BL/ACNDIOMSSV/ADW
1.80E-05 1.08E-07 S SCB-B1/AFW
SCB-B1
L.00E-04 7.56E-11 PDS6 | SCB-B1/AFW/EFW SCB-B1-1
6.00E-03 EFW
AFW
i’g\O/\I[}O“ 1.08E-11 PDS6 | SCB-B1/AFW/ADW SCB-B1-2
1.00E-05
SWD1ZD2 1.80E-10 NDF SCB-B1/SWD1&D2
SCB-Loss of SC inventory via pipe break C:\CAFTA\TREE(ET)\SCB-B1.TRE 03-12-03
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Initiating Support Heat Sinks SEQ.PROB. | PDS SEQUENCE SEQUENCE
Event System DESIGNATOR NUMBER
LOSC\RS/CL Divisions Auxiliary Auxiliary Operator MSSVs OPEN Long Term Auto De- Emergency
41 DG UN #1 & #2 Feedwater Condensate opens the Cooling Pressur. Feedwater
Service Wa System System MSSV & sta Water Subsystem
ter System rts LTCSDC System
SCB-B2 SWD1&D2 AFW ACND OoMSSV MSSV LTC-SDC ADW EFW
1.14E-06 s SCB-B2
1.00E-05
0 1.14E-11 NDF | scB-B2/MsSV
5.68E-08 s SCB-B2/ACND
2.99E-09 s SCB-B2/ACND/LTC-SDC
5.00E-02
TTC-SDC
HLOE0d ] 2 00E-12 NDF | SCB-B2/ACNDI/LTC-SDC/EFW
1.00E-05
e 5.98E-13 NDF | SCB-B2/ACND/MSSV
5.00E-02
ACND
5.98E-11 s SCB-B2/ACND/OMSSV
LO0E04 4.19E-14 NDF | SCB-B2/ACNDIOMSSV/EFW
1.00E-03 EFW
OMSSV
L0004 5.98E-15 NDF | SCB-B2/ACND/OMSSV/ADW
1.21E-08 s SCB-B2/AFW
1.21E.06 7.00E-04
- . 8.46E-12 PDS6 | SCB-B2/AFW/EFW SCB-B2-1
SCB-B2 1.00E-02 EFW
AFW
+00E-04 1.21E-12 PDS6 | SCB-B2/AFW/ADW SCB-B2-2
1.14E-09 s SCB-B2/SWD1&D2
5:.008:02 5.99E-11 NDF | SCB-B2/SWD1&D2/ACND
1.00E-03 ACND
SWDI&D2
+00C-02 121E-11 NDF | SCB-B2/SWD1&D2/AFW

SCB-Loss of SC inventory via pipe break C:\CAFTA\TREE(ET)\SCB-B2.TRE 03-12-03
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Initiating Support Heat Sinks SEQ.PROB. | PDS | SEQUENCE SEQUENCE]
Event System DESIGNATOR NUMBER
LOSC\RS/CL Divisions Auxiliary Auxiliary Operator MSSVs OPEN Long Term Auto De- Emergency
42 DG UN #1 & #2 Feedwater Condensate opens the Cooling Pressur. Feedwater
Service Wa System System MSSV & sta Water Subsystem
ter System rts LTCSDC System
SCB-B3 SWD1&D2 AFW ACND OMSSV MSSV LTC-SDC ADW EFW
1.23E-07 S SCB-B3
1.00E-05
MSSY 1.23E-12 NDF | SCB-B3/MSSV
5.82E-09 S SCB-B3/ACND
6.46E-10 S SCB-B3/ACND/LTC-SDC
.10
LTC-SDC
é’g\?vE_oll 4.53E-13 NDF | SCB-B3/ACND/LTC-SDC/EFW
1.00E-05
MSSV 6.47E-14 NDF | SCB-B3/ACND/MSSV
5.00E-02
ACND
6.47E-12 S SCB-B3/ACND/OMSSV
LOUE0O4 453E-15 NDF | SCB-B3/ACND/IOMSSV/EFW
1.00E-03 EFW
OMSSV
L 6.47E-16 NDF | SCB-B3/ACND/OMSSV/ADW
6.81E-09 S SCB-B3/AFW
1.37E-07
SCB-B3
L0804 477612 NDF | SCB-B3/AFW/EFW
5.00E-02 EFW
AFW
1.00E-04
ADW 6.82E-13 NDF | SCB-B3/AFW/ADW
5.00E-03
SWD1&D2 6.85E-10 NDF | SCB-B3/SWD1&D2

SCB-Loss of SC inventory via pipe break C:\CAFTA\TREE(ET)\SCB-B3.TRE 03-12-03
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Initiating Support Heat Sinks SEQ.PROB. | PDS | SEQUENCE
Event System DESIGNATOR
LOSC\RS/CL Divisions Auxiliary Auxiliary Operator MSSVs Open Long Term Auto De- Emergency
4\ 3 DG UN #1 & #2 Feedwater Condensate opens the Cooling Pressur. Feedwater
Service Wa System System MSSV & sta Water Subsystem
ter System rts LTCSDC System
SCB-B4 SWD1&D2 AFW ACND OMSSV MSSV LTC-SDC ADW EFW
9.90E-09 S SCB-B4
LI0C05 9.90E-14 NDF | SCB-B4/MSSV
2.60E-10 S SCB-B4/ACND
2.60E-10 S SCB-B4/ACND/LTC-SDC
.50
LTC-SDC
Lot O 1.82E-13 NDF | SCB-B4/ACNDILTC-SDC/EFW
5.00E-02 !
ACND LI0C05 5.21E-15 NDF | SCB-B4/ACND/MSSV
LO0F-03 5.21E-13 NDF | SCB-B4/ACND/OMSSV
1.16E-09 S SCB-B4/AFW
1.17E-08
SCB-B4 -
7.00E-04 8.11E-13 NDF | SCB-B4/AFW/EFW
.10 EFW
AFW
1.00E-04 1.16E-13 NDF | SCB-B4/AFW/ADW
L 1.17E-10 NDF | scB-Baiswp1&D2
SCB-Loss of SC inventory via pipe break C:\CAFTA\TREE(ET)\SCB-B4.TRE 03-12-03
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Initiating Support System Heat Sinks SEQ.PROB. | PDS SEQUENCE SEQUENCE]
Event DESIGNATOR NUMBER
LOSC with No Consequ Divisions Feedwater Condensate Oprtr SG Operator MSSVs Open Long term Auto De- Emergency
Failure ential los #1 & #2 (MFW+AFW) System starts SG Pressure Starts cooling Pressurisa Feedwater
of RRS s of CL4 P Service Wa Press CC Control MSSVs tion water Subsystem
Setback ower Suppl ter System & LTC-SDC Cooldown system
SCB-C CL4 SWD1&D2 Fw CND OBPCC BPCC OMSSV MSSV LTC-SDC ADW EFW
1.13E-05 S SCB-C
5.69E-08 S SCB-C/BPCC
5.00E-03
BPCC
1.00E-05
MSSV 5.69E-13 NDF SCB-C/BPCC/MSSV
5.61E-09 S SCB-C/CND
1.00E-02
TTC-SDC 5.66E-11 NDF SCB-C/CND/LTC-SDC
5.00E-04 200803 2.85E-11 NDF SCB-C/CND/BPCC
BPCC
CND
1.00E-03
OBPCC 5.70E-12 NDF SCB-C/CND/OBPCC
5.70E-09 S SCB-C/FW
LO0C04 5.70E-13 NDF SCB-CIFW/EFW
5.00E-04 EFW
FW
1.00E-04
ADW 5.70E-13 NDF SCB-C/FW/ADW
1.20E-05
SCB-C
1.00E-05
SWD1&D? 1.14E-10 NDF SCB-C/SWD1&D2
S 6.00E-07 conTD | scB-cicLa SCB-C1

SCB-Loss of SC inventory via pipe break C:\CAFTA\TREE(ET)\SCB-C.TRE 28-01-04
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Initiating Class 1l Power Supply SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event DAMAGE| DESCRIPTION NUMBER
STATE
LOSC with 4 DGs 3 DGs 2 DGs
RRS Setbac Available Available Available
k Failure For 24h for 24h for 24h
& Loss of
IE-SCB DG-AV=4 DG-AV=3 DG-AV=2
5.58E-07 Cont'd IE-SCB/RRS/CL4/UNAV-DGS=0 SCB-C11
6.00E-07
SCB-C1 3.74E-08 Cont'd IE-SCB/RRS/CL4/UNAV-DGS=1 SCB-C12
7.00E-02
AV-DGS < 4 4.22E-09 Cont'd |E-SCB/RRS/CL4/UNAV-DGS=2 SCB-C13
A1
AV-DGS < 3 8.60E-02
AV-DGS < 2 3.97E-10 NDF IE-SCB/RRS/CL4/UNAV-DGS=3
SCB-Loss of SC inventory via pipe break C:\CAFTA\TREE(ET)\SCB-C1.TRE 16-06-03
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Initiating Support Heat Sinks SEQ.PROB. | PDS | SEQUENCE SEQUENCE|
Event System DESIGNATOR NUMBER
LOSC/SB\RS Divisions Auxiliary Auxiliary Operator MSSVs Open Long Term Auto De- Emergency
/ICLA\ALL #1 & #2 Feedwater Condensate opens the Cooling Pressur. Feedwater
DGS AV Service Wa System System MSSV & sta Water Subsystem
ter System rts LTCSDC System
SCB-C11 SWD1&D2 AFW ACND OMSSV MSSV LTC-SDC ADW EFW
5.27E-07 S SCB-C11
1.00E-05
MSSV 5.27E-12 NDF | SCB-C11/MSSV
2.74E-08 S SCB-C11/ACND
1.00E-02
TTC-SDC 2.77E-10 NDF | SCB-C11/ACND/LTC-SDC
5.00E-02 LOOE-05 2.77E-13 NDF | SCB-C11/ACND/MSSV
MSSV
ACND
1.00E-03
OMSSY 2.77E-11 NDF | SCB-C11/ACND/OMSSV
3.35E-09 S SCB-C11/AFW
5.58E-07
SCB-C11 L.00E-04 2.34E-12 NDF | SCB-C11/AFW/EFW
6.00E-03 EFW
AFW
1.00E-04
ADW 3.35E-13 NDF | SCB-C11/AFW/ADW
1.00E-05
SWD18D?2 5.58E-12 NDF | SCB-C11/SWD1&D2

SCB-Loss of SC inventory via pipe break

C:\CAFTA\TREE(ET)\SCB-C11.TRE

03-12-03
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Support Heat Sinks SEQ.PROB. | PDS | SEQUENCE
System DESIGNATOR
LOSC/SB\RS Divisions Auxiliary Auxiliary Operator MSSVs Open Long Term Auto De- Emergency
/CL4\1 DG #1 & #2 Feedwater Condensate opens the Cooling Pressur. Feedwater
UN Service Wa System System MSSV & sta Water Subsystem
ter System rts LTCSDC System
SCB-C12 SWD1&D2 AFW ACND OMSSV MSSV LTC-SDC ADW EFW
3.51E-08 S SCB-C12
LI0C05 3.51E-13 NDF | scB-cizmssv
1.76E-09 S SCB-C12/ACND
9.23E-11 S SCB-C12/ACND/LTC-SDC
5.00E-02
LTC-SDC
Lot O 6.47E-14 NDF | SCB-C12/ACNDILTC-SDC/EFW
5.00E-02 !
ACND L0C05 1.85E-14 NDF | SCB-C12/ACND/MSSV
1.00E-03
OMSSY 1.85E-12 NDF | SCB-C12/ACND/OMSSV
3.73E-10 S SCB-C12/AFW
3.74E-08
SCB-C12 -
LO00E04 2.62E-13 NDF | SCB-CL2/AFW/EFW
1.00E-02 EFW
AFW
1.00E-04
ADW 3.74E-14 NDF | SCB-C12/AFW/ADW
1.00E-03
SWD1&D2 3.74E-11 NDF | SCB-C12/SWD1&D2

SCB-Loss of SC inventory via pipe break

C:\CAFTA\TREE(ET)\SCB-C12.TRE

03-12-03
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Initiating Support Heat Sinks SEQ.PROB. | PDS | SEQUENCE
Event System DESIGNATOR
LOSC/SB\RS Divisions Auxiliary Auxiliary Operator MSSVs Open Long Term Auto De- Emergency
/CL4\2 DG #1 & #2 Feedwater Condensate opens the Cooling Pressur. Feedwater
UN Service Wa System System MSSV & sta Water Subsystem
ter System rts LTCSDC System
SCB-C13 SWD1&D2 AFW ACND OMSSV MSSV LTC-SDC ADW EFW
3.79E-09 S SCB-C13
1.00E-05
NMSSVY 3.79E-14 NDF | SCB-C13/MSSV
1.79E-10 S SCB-C13/ACND
1.99E-11 S SCB-C13/ACND/LTC-SDC
.10
LTC-SDC
Lot O 1.39E-14 NDF | SCB-C13/ACNDILTC-SDC/EFW
5.00E-02 !
ACND ng%E/OS 1.99E-15 NDF | SCB-C13/ACND/MSSV
1.00E-03
OMSSY 1.99E-13 NDF | SCB-C13/ACND/OMSSV
2.10E-10 S SCB-C13/AFW
4.22E-09
SCB-C13 -
7.00E-04 1.47E-13 NDF | SCB-C13/AFW/EFW
5.00E-02 EFW
AFW
1.00E-04
ADW 2.10E-14 NDF | SCB-C13/AFW/ADW
5.00E-03
SWD1&D2 2.11E-11 NDF | SCB-C13/SWD1&D2

SCB-Loss of SC inventory via pipe break

C:\CAFTA\TREE(ET)\SCB-C13.TRE

03-12-03
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Event Treefor Small Steam Line Break Causing Low Level in the Deaerator

10810-03660-AR-001 2004/01/28
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Initiating Heat Sink Operator Reactor Shutdown Support Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event Action System DAMAGE| DESIGNATOR NUMBER
STATE
SMALL STEAM CONDENSATE |OP SHUTS DOWN SETBACK ON SDS1 /SDS2 No FEEDWATER SG Auto- Emergency
LINE BREAK SYSTEM THE REACTOR LOW Shutdown on Consequential SYSTEM (MFW Depres.+ Feedwater
/(Small Steam IN 60min (4h DEAERATOR LFWLP or LSGL Loss of + AFW) Automatic Subystem
Disch.-Leak) Inventory) LEVEL Class 4 Power EFW Actuation
IE-MSL3 CND ORS RRS-SETB SDS1/SDS2 CL4 FW ADW EFW
9.99E-02 CONTD | IE-MSL3 MSL3-A
9.50E-05 CONT'D | IE-MSL3/ORS MSL3-B
4.75E-06 S IE-MSL3/ORS/RRS-SETB
1.00E-03 1.00E-04
ORS EEW 4.75E-10 NDF IE-MSL3/ORS/RRS-SETB/EFW
i'\'ga,E_OA 4.75E-10 NDF IE-MSL3/ORS/RRS-SETB/ADW
10 2.00E-02 2.00F-02 2.50E-07 CONTD | IE-MSL3/ORS/RRS-SETB/CL4 MSL3-C
R - CL4
RRS-SETB
IE-MSL3
1.00E-06
SDS1/SDSD 5.00E-12 PDSO IE-MSL3/ORS/RRS-SETB/SDS1/SDS2 MSL3-1
4.75E-05 CONT'D | IE-MSL3/CND MSL3-D
2.37E-06 S IE-MSL3/CND/RRS-SETB
5.00E-04 1.00E-04
CND EEW 2.37E-10 NDF IE-MSL3/CND/RRS-SETB/EFW
00004 2.37E-10 NDF IE-MSL3/CND/RRS-SETB/ADW
2.00E-02 S.00E02 1.25E-07 CONTD | IE-MSL3/CND/RRS-SETB/CL4 MSL3-E
RRS-SETB CL4
L.00E-06 2.50E-12 PDSO IE-MSL3/CND/RRS-SETB/SDS1/SDS2 MSL3-2
SDS1/SDS2 .
SMALL STEAM LINE BREAK CAUSING LOW DEAERATOR LEVEL C:\CAFTA\TREE(ET)\[E-MSL3.TRE 23-01-04
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Accident Support Heat Sink Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 with No FEEDWATER Operator BOILER LONG TERM Auto- Emergency
CND Avail. & Consequential SUPPLY TO SGs Starts BPC PRESSURE (SHUTDOWN) Depressurizat Feedwater
Reactor Loss of Cooldown & SD CONTROL COOLING ion Water Subsystem
Shutdown Class 4 Power C Normal Mode COOLDOWN System
MSL3-A cL4 FW OBPCC BPCC LTC-SDC ADW EFW
9.49E-02 CONTD | IE-MSL3\CND\ORS MSL3-AL
4.21E-05 s IE-MSL3\CND\ORS/FW
4.25E-07 s IE-MSL3\CND\ORS/FW/LTC-SDC
1.00E-04
1 00E-02 L00F 4.25E-11 NDF IE-MSL3\CND\ORS/FW/LTC-SDC/EFW
1TC-SDC
1.00E-04
— 4.25E-11 NDF IE-MSL3\CND\ORS/FW/LTC-SDC/ADW
2.13E-07 s IE-MSL3\CND\ORS/FW/BPCC
5 00E-03 —LE 2.14E-11 NDF IE-MSL3\CND\ORS/FW/BPCC/EFW
5,00E-04 BPCC
9.99E-02 FW +002.04 2.14E-11 NDF IE-MSL3\CND\ORS/FW/BPCC/ADW
E-MSL3\CNDIORS
4.74E-06 s IE-MSL3\CND\ORS/FW/OBPCC
10 LO0E 04 4.74E-10 NDF IE-MSL3\CND\ORS/FW/OBPCC/EFW
OBPCC
AT 4.75E-10 NDF IE-MSL3\CND\ORS/FW/OBPCC/ADW
Ll 5.00E-03 CONTD | IE-MSL3\CND\ORS/CL4 MSL3-A2
Main Steam Line Break (Small Discharge) C:\CAFTA\TREE(ET)\MSL3-A.TRE 23-01-04
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Accident Heat Sink Support Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 with AUTO DE- DIVISIONS #1 OP. STARTS LONG TERM EMERGENCY
Reactor Shutd PRESSURIZATIO & #2 RSW / SDC / EFW (SHUTDOWN) FEEDWATER
own, CND, FW N WATER RCW SYSTEMS SYSTEMS COOLING SUBSYSTEM
& Cl4 Availab SYSTEM within 4h SYSTEM
MSL3-Al ADW SWD1&D2 OLTC-sDC LTC-SDC EFW
9.39E-02 S MSL3\FW\ORS\CL4
9.49E-04 S MSL3\FW\ORS\CL4/LTC-SDC
1.00E-02
LTC-SDC 1.00E-04
EEW 9.49E-08 PDS6 MSL3\FW\ORS\CL4/LTC-SDC/EFW MSL3A1-1
9.49E-06 S MSL3\FW\ORS\CL4/OLTC-SDC
1.00E-04
9.49E-02 OLTC-SDC 1.00E-04
MSL3\FW\ORS\CL4 4 HRS INVENTOR EEW 9.49E-10 PDS6 MSL3\FW\ORS\CL4/OLTC-SDC/EFW MSL3A1-2
9.49E-07 S MSL3\FW\ORS\CL4/SWD1&D2
1.00E-05
SWD1&D2 1.00E-04
EEW 9.49E-11 NDF MSL3\FW\ORS\CL4/SWD1&D2/EFW
Main Steam Line Break (Small Discharge) C:\CAFTA\TREE(ET)\MSL3-A1.TRE 22-01-04
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Initiating Class Il Power Supply SEQ.PROB. | PLANT | SEQUENCE| SEQUENCE
Event DAMAGE| NUMBER DESIGNATOR
STATE
Small Stea 4 DGs 3 DGs 2 DGs 1 DG
m Line Bre Available Available Available Available
ak & Loss for 24h for 24h for 24h for 24h
of CL4 (SD
IE-MSL3 DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
4.65E-03 CONTD | MSL3A2-1 | IE-MSL3/CL4/UNAV-DGS=0
5.00E-03 ,
MSL3A2 3.11E-04 CONTD | MSL3A2-2 | IE-MSL3/CL4/UNAV-DGS=1
7.00E-02
AV-DGS < 4 3.52E-05 CONT'D | MSL3A2-3 | IE-MSL3/CL4/UNAV-DGS=2
11
AV-DGS < 3 3.02E-06 CONTD | MSL3A2-4 | IE-MSL3/CL4/UNAV-DGS=3
8.60E-02
AV-DGS < 2 |g-0c o
AV.DGS <= 1 | 2-88E-07 CONT'D | MSL3A2-5 | IE-MSL3/CL4/UNAV-DGS=4

SMALL STEAM LINE BREAK (Causing Low Deaerator Lvl)

C\CAFTA\TREE(ET)\MSL3-A2.TRE

17-06-03
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Accident Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Initiator Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 - RS AUXILIARY AUTO DE- DIVISIONS #1 OP. STARTS LONG TERM EMERGENCY
& CND FEEDWATER PRESSURIZATIO & #2 RSW / SDC /EFW (SHUTDOWN) FEEDWATER
Available SYSTEM N WATER RCW SYSTEMS SYSTEMS COOLING SUBSYSTEM
*Cl4 Lost SYSTEM within 4h SYSTEM
MSL3A2-1 AFW ADW SWD1&D2 OLTC-SDC LTC-SDC EFW
4.57E-03 S MSL3\CND\ORS/CL4
4.61E-05 S MSL3\CND\ORS/CL4/LTC-SDC
1.00E-02
LTC-Sbe 7.00E-04
E-FW 3.23E-08 PDS6 MSL3\CND\ORS/CL4/LTC-SDC/EFW MSL3A2-11
4.62E-06 S MSL3\CND\ORS/CL4/OLTC-SDC
1.00E-03
OLTC-SDC 7.00E-04
E.FW 3.24E-09 PDS6 MSL3\CND\ORS/CL4/OLTC-SDC/EFW MSL3A2-12
4.62E-08 S MSL3\CND\ORS/CL4/SWD1&D2
1.00E-05
SWD1&D2
4.65E-03 7.00E-04 ~
MSL3CNDORS/CL EEW 3.24E-11 NDF MSL3\CND\ORS/CL4/SWD1&D2/EFW
2.79E-05 S MSL3\CND\ORS/CL4/AFW
7.00E-04
6.00E-03 = 1.95E-08 PDS6 MSL3\CND\ORS/CL4/AFW/EFW MSL3A2-13
AFW
LLbEey 2.79E-10 NDF MSL3\CND\ORS/CLA/AFW/SWD1&D2
SWD1&D2 .
Main Steam Line Break (Small Discharge) C:\CAFTA\TREE(ET)\MSL3A2-1.TRE 22-01-04
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Accident Heat Sinks Support Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 - RS AUXILIARY AUTO DE- DIVISIONS #1 OP. STARTS SHUTDOWN EMERGENCY
& CND Availab FEEDWATER PRESSURIZATIO & #2 RSW / SDC /EFW COOLING FEEDWATER
le *Cl4 & 1 SYSTEM N WATER RCW SYSTEMS SYSTEMS SYSTEM SUBSYSTEM
DG Lost SYSTEM AFTER 4h
MSL3A2-2 AFW ADW SWD1&D2 OLTC-SDC LTC-SDC EFW
2.92E-04 S MSL3\CND\ORS/CL4
1.54E-05 S MSL3\CND\ORS/CL4/LTC-SDC
5.00E-02
LTC-SDC 7.00E-04
E.FW 1.08E-08 PDS6 MSL3\CND\ORS/CL4/LTC-SDC/EFW MSL3A2-21
3.07E-07 S MSL3\CND\ORS/CL4/OLTC-SDC
1.00E-03
OLTC-SDC 7.00E-04
E.FW 2.15E-10 NDF MSL3\CND\ORS/CL4/OLTC-SDC/EFW
3.08E-07 S MSL3\CND\ORS/CL4/SWD1&D2
1.00E-03
SWD1&D2 7.00E-04
3.11E-04 E.FW 2.16E-10 NDF MSL3\CND\ORS/CL4/SWD1&D2/EFW
MSL3\CND\ORS/CL.
3.10E-06 S MSL3\CND\ORS/CL4/AFW
7.00E-04
2.17E-09 PDS6 MSL3\CND\ORS/CL4/AFW/EFW MSL3A2-22
EFW
1.00E-02
AFW
3.11E-09 S MSL3\CND\ORS/CL4/AFW/SWD1&D2
1.00E-03
SWD1&D2 7.00E-04
E.FW 2.18E-12 NDF MSL3\CND\ORS/CL4/AFW/SWD1&D2/EFW

Main Steam Line Break (Small Discharge)

C:\CAFTA\TREE(ET)\MSL3A2-2.TRE

22-01-04
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Accident Heat Sinks Support Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 -RS AUX. AUTO DE- DIVISIONS #1 OP. STARTS SHUTDOWN EMERGENCY
& CND Avail FEEDWATER PRESSURIZATIO & #2 RSW / SDC / EFW COOLING FEEDWATER
*Cl4 & 2 SYSTEM N WATER RCW SYSTEMS SYSTEMS SYSTEM SUBSYSTEM
DGs Lost SYSTEM AFTER 4h
MSL3A2-3 AFW ADW SWD1&D2 OLTC-SDC LTC-SDC EFW
2.99E-05 S MSL3\ORS/CL4/2DG
3.32E-06 S MSL3\ORS/CL4/2DG/LTC-SDC
.10
LTC-SDC 7.00E-04
E.FW 2.33E-09 PDS6 MSL3\ORS/CL4/2DG/LTC-SDC/EFW MSL3A2-31
3.32E-08 S MSL3\ORS/CL4/2DG/OLTC-SDC
1.00E-03
OLTC-SDC 7.00E-04
E.FW 2.33E-11 NDF MSL3\ORS/CL4/2DG/OLTC-SDC/EFW
1.67E-07 S MSL3\ORS/CL4/2DG/SWD1&D2
5.00E-03
SWD1&D2 7.00E-04
3.52E-05 E.FW 1.17E-10 NDF MSL3\ORS/CL4/2DG/SWD1&D2/EFW
MSL3\ORS/CL4/2D(
1.75E-06 S MSL3\ORS/CL4/2DG/AFW
7.00E-04
1.23E-09 PDS6 MSL3\ORS/CL4/2DG/AFW/EFW MSL3A2-32
EFW
5.00E-02
AFW
8.79E-09 S MSL3\ORS/CL4/2DG/AFW/SWD1&D2
5.00E-03
SWD1&D2 7.00E-04
E.FW 6.16E-12 NDF MSL3\ORS/CL4/2DG/AFW/SWD1&D2/EFW

Main Steam Line Break (Small Discharge)

C:\CAFTA\TREE(ET)\MSL3A2-3.TRE

22-01-04
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Rev. 1
Accident Heat Sinks Support Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR
STATE
IE-MSL3 -RS AUXILIARY AUTO DE- DIVISIONS #1 OP. STARTS LONG TERM EMERGENCY
& CND Avail. FEEDWATER PRESSURIZATIO & #2 RSW / SDC / EFW (SHUTDOWN) FEEDWATER
-Cl4 & 3 DGs SYSTEM N WATER RCW SYSTEMS SYSTEMS COOLING SUBSYSTEM
Lost SYSTEM within 4h SYSTEM
MSL3A2-4 AFW ADW SWD1&D2 OLTC-SDC LTC-SDC EFW
1.34E-06 S MSL3\ORS/CL4/3DG
1.34E-06 S MSL3\ORS/CL4/3DG/LTC-SDC
.50
LTC-SDC 7.00E-04
E.FW 9.41E-10 NDF MSL3\ORS/CL4/3DG/LTC-SDC/EFW
2.69E-09 S MSL3\ORS/CL4/3DG/OLTC-SDC
1.00E-03
OLTC-SDC 7 00E-04
E.FW 1.88E-12 NDF MSL3\ORS/CL4/3DG/OLTC-SDC/EFW
2.72E-08 S MSL3\ORS/CL4/3DG/SWD1&D2
1.00E-02
SWD1&D2 7.00E-04
3.02E-06 E.FW 1.90E-11 NDF MSL3\ORS/CL4/3DG/SWD1&D2/EFW
MSL3\ORS/CL4/3DG
2.99E-07 S MSL3\ORS/CL4/3DG/AFW
L.00E-04 2.09E-10 NDF MSL3\ORS/CLA4/3DG/AFW/EFW
10 EFW
AFW
3.02E-09 S MSL3\ORS/CL4/3DG/AFW/SWD1&D2
1.00E-02
SWD1&D2 7.00E-04
E‘FW 2.11E-12 NDF MSL3\ORS/CL4/3DG/AFW/SWD1&D2/EFW

Main Steam Line

Break (Small Discharge)

C:\CAFTA\TREE(ET)\MSL3A2-4.TRE 22-01-04




CONTROLLED - Licensing

10810-03660-AR-001 Page H-10

Rev. 1
Accident Heat Sinks Support Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE]
Initiator System Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 -RS AUXILIARY AUTO DE- DIVISIONS #1 OP. STARTS LONG TERM EMERGENCY EMERGENCY MODERATOR AS
& CND Avail. FEEDWATER PRESSURIZATIO & #2 RSW / SDC /| EFW (SHUTDOWN) FEEDWATER CORE COOLING A HEAT SINK
-*Cl4 & 4 DG SYSTEM N WATER RCW SYSTEMS SYSTEMS COOLING SUBSYSTEM (DORMANT)
Lost SYSTEM within 4h SYSTEM
MSL3A2-5 AFW ADW SWD1&D2 OLTC-sDC LTC-SDC EFW DECC MHS
2.88E-07 S MSL3\ORS/CL4/4DG
2.88E-07
MSL3\ORS/CL4/4DG 7.00E-04
E-FW 2.02E-10 NDF MSL3\ORS/CL4/4ADG/EFW
Main Steam Line Break (Small Discharge) C:\CAFTA\TREE(ET)\MSL3A2-5.TRE 17-06-03
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Accident Support Systems Heat Sinks Operator Heat Sinks Operator Heat Sink SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Initiator Action Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 with Consequential DIVISIONS #1 AUX. OP. STARTS BOILER LONG TERM AUTO DE- EMERGENCY
CND Avail. & Loss of & #2 RSW / FEEDWATER BP. CNTRL. PRESS. SHUTDOWN | PRESSURIZATIO | FEEDWATER
Reactor Shutd | Class 4 Power | RCW SYSTEMS | SUPPLY TO SGs | COOLDOWN /sb |coNTROL cooLb| ~ COOLING N WATER SUBSYSTEM
own by Setbac COOLING OWN PROGRAM SYSTEM SYSTEM
MSL3-B cLa SWD1&D2 AFW oBPCC BPCC LTC-SDC ADW EFW
8.85E-05 s IE-MSL3/ORS\RRS
8.94E-07 s IE-MSL3/ORS\RRS/LTC-SDC
1.00E-02
£TC-5DC L00E-04
L00¢ 8.94E-11 NDF IE-MSL3/ORS\RRS/LTC-SDC/EFW
4.49E-07 s IE-MSL3/ORS\RRS/BPCC
5.00E-03 L0204 4.49E-11 NDF IE-MSL3/ORS\RRS/BPCC/EFW
BPCC
L0004 4.49E-11 NDF IE-MSL3/ORS\RRS/BPCC/ADW
9.00E-08 s IE-MSL3/ORS\RRS/OBPCC
1.00E-03 100204 9.00E-12 NDF IE-MSL3/ORS\RRS/OBPCC/EFW
OBPCC
00E-04 9.00E-12 NDF IE-MSL3/ORS\RRS/OBPCC/ADW
2.40E-07 s IE-MSL3/ORS\RRS/AFW
2.42E-00 s IE-MSL3/ORS\RRS/AFW/LTC-SDC
1.00E-02
TTC-5DC 1 00E04
100 2.42E-13 NDF IE-MSL3/ORS\RRS/AFW/LTC-SDC/EFW
1.22E-09 s IE-MSL3/ORS\RRS/AFW/BPCC
1.00E-04
5.00E.03 Lo 1.22E-13 NDF IE-MSL3/ORS\RRS/AFW/BPCC/EFW
BPCC
3.00E-03 1 00E-04
AW .00E 1.22E-13 NDF IE-MSL3/ORS\RRS/AFW/BPCC/ADW
2.71E-08 s IE-MSL3/ORS\RRS/AFW/OBPCC
10 L00E.04 2.71E-12 NDF IE-MSL3/ORS\RRS/AFW/OBPCC/EFW
OBPCC
L0004 2.71E-12 NDF IE-MSL3/ORS\RRS/AFW/OBPCC/ADW
9.50E-05
IE-MSLI/ORS\RRS 9.02E-10 s IE-MSL3/ORS\RRS/SWD1&D2
1.00E-05 100204 9.02E-14 NDF IE-MSL3/ORS\RRS/SWD18D2/EFW
SWD1&D?
00E-04 9.02E-14 NDF IE-MSL3/ORS\RRS/SWD1&D2/ADW
2.00E 02 4.75E-06 CONTD | IE-MSL3/ORS\RRS/CL4 MSL3-B1
Main Steam Line Break (Small Discharge) C:\CAFTA\TREE(ET)\MSL3-B.TRE 17-06-03
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Steam Line 4 DGs 3 DGs 2 DGs 1 DG SEQ.PROB. | Plant SEQUENCE| SEQUENCE
Failure & Available Available Available Available Damage | NUMBER DESIGNATOR
Loss of C State
14 Power (
IE-MSL3 DG-AV = 4 DG-AV = 3 DG-AV = 2 DG-AV =1
4.42E-06 CONT'D | MSL3B1-1 | IE-MSL3/CL4/UNAV-DGS=0
ﬁ,é?_ggi 2.96E-07 CONT'D | MSL3B1-2 | IE-MSL3/CL4/UNAV-DGS=1
7.00E-02
AV-DGS < 4 3.34E-08 CONTD | MSL3B1-3 | IE-MSL3/CL4/UNAV-DGS=2
A1
AV-DGS < 3 8.60E-02 2.87E-09 NDF IE-MSL3/CL4/UNAV-DGS=3
AV-DGS < 2 [8.70E-02 -
AV-DGS < 1 2.74E-10 NDF IE-MSL3/CL4/UNAV-DGS=4

Main Steam Line Break (Small Discharge Rate)

C:\CAFTA\TREE(ET)\MSL3-B1.TRE

17-06-03
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Accident Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator Systems Action DAMAGE| DESIGNATOR
STATE
IE-MSL3 with DIVISIONS #1 AUX. OP. STARTS BOILER LONG TERM AUTO DE- EMERGENCY
CND Avail & & #2 RSW / FEEDWATER | SG PRES. CNTR PRESS. (SHUTDOWN) | PRESSURIZATIO | FEEDWATER
RS by Setback | RCW SYSTEMS | SUPPLY TO SGs | L COOLDOWN & |CONTROL cooLb| — COOLING N WATER SUB-SYSTEM
(CL4 Lost) SDC SYSTEM | OWN PROGRAM SYSTEM SYSTEM
MSL3B1-1 SWD18D2 AFW OBPCC BPCC LTC-SDC ADW EFW
4.32E-06 s IE-MSL3/ORS/CL4
4.36E-08 s IE-MSL3/ORS/CL4/LTC-SDC
1.00E-02 LAl 3.06E-11 NDF IE-MSL3/ORS/CLA4/LTC-SDC/EFW
LTC-oDC
LLoE o 4.37E-12 NDF IE-MSL3/ORS/CLA4/LTC-SDC/ADW
2.19E-08 s IE-MSL3/ORS/CL4/BPCC
5.00E-03 Ll 15411 |'s IE-MSL3/ORS/CL4/BPCC/EFW
BPCC
LLb o 2.19E-12 NDF IE-MSL3/ORS/CL4/BPCC/ADW
4.39E-09 s IE-MSL3/ORS/CL4/OBPCC
1.00E-03 Ll 3.08E-12 NDF IE-MSL3/ORS/CL4/OBPCC/EFW
OBPCC
LLb o 4.39E-13 NDF IE-MSL3/ORS/CL4/OBPCC/ADW
2.65E-08 s IE-MSL3/ORS/CLA/AFW
4.42E-06
IE-MSL3/ORS/CL4 6.00E-03 LA 1.86E-11 | NDF |E-MSL3/ORS/CL4/AFW/EFW
AFW
1.00E-04
LE 2.65E-12 NDF IE-MSL3/ORS/CLA/AFW/ERFW
1.00E-05
Sl 4.42E-11 NDF IE-MSL3/ORS/CL4/SWD1&D2

MAIN STEAM LINE BREAK CAUSING DEAERATOR LOW LEVEL C:\CAFTA\TREE(ET)\MSL3B1-1.TRE 17-06-03
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Accident Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator Systems Action DAMAGE| DESIGNATOR
STATE
IE-MSL3 with DIVISIONS #1 AUX. OP. STARTS SG BOILER LONG TERM AUTO DE- EMERGENCY
CND Avail & R & #2 RSW / FEEDWATER PRESS. CNTRL PRESS. (SHUTDOWN) | PRESSURIZATIO | FEEDWATER
S by Setback | RCW SYSTEMS | SUPPLY TO SGs | COOLDOWN & S|CONTROL cooLp| = COOLING N WATER SUBSYSTEM
(CL4 & 1DG Lo D COOLING SYS | OWN PROGRAM SYSTEM SYSTEM
MSL3B1-2 SWD1&D2 AFW oBPCC BPCC LTC-SDC ADW EFW
2.76E-07 s MSL3/ORS/CL4/LDG
1.45E-08 s MSL3/ORS/CL4/LDG/LTC-SDC
5.00E-02 Lo 2 1.02E-11 NDF MSL3/ORS/CL4/LDG/LTC-SDC/EFW
LTC-SDC
00204 1.45E-12 NDF MSL3/ORS/CL4/1DG/LTC-SDC/ADW
1.46E-09 s MSL3/ORS/CL4/1DG/BPCC
5.00E-03 L0004 1.02E-12 NDF MSL3/ORS/CLA4/1DG/BPCC/EFW
BPCC
I 1.46E-13 NDF MSL3/ORS/CL4/LDG/BPCC/ADW
2.93E-10 s MSL3/ORS/CL4/1DG/OBPCC
1.00E-03 L.00E-04 2.05E-13 NDF MSL3/ORS/CL4/1DG/OBPCC/EFW
OBPCC
Y 2.93E-14 NDF MSL3/ORS/CL4/1DG/OBPCC/ADW
2.95E-09 s MSL3/ORS/CLA/LDG/AFW
2.96E-07
MSL3/ORS/CL4/1D( 1.00E-02 LLE L 2.07E-12 NDF MSL3/ORS/CLA4/LDG/AFW/EFW
AFW
L0004 2.96E-13 NDF MSL3/ORS/CLA4/1DG/AFW/ADW
1.00E-03
SE 2.96E-10 NDF MSL3/ORS/CL4/1DG/SWD1&D2
MAIN STEAM LINE BREAK CAUSING DEAERATOR LOW LEVEL CACAFTA\TREE(ET)\MSL3B1-2.TRE 17-06-03
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Accident Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator Systems Action DAMAGE| DESIGNATOR
STATE
IE-MSL3 with DIVISIONS #1 AUX. OP. OPENS LONG-TERM AUTO DE- EMERGENCY
CND Avail & R & #2 RSW / FEEDWATER MSSVs AND (SHUTDOWN) | PRESSURIZATIO | FEEDWATER
S by Setback | RCW SYSTEMS | SUPPLY TO SGs | STARTS LTC-SD COOLING N WATER SUBSYSTEM
(CL4 & 2DGs L C NORMAL MODE SYSTEM SYSTEM
MSL3B1-3 SWD1&D2 AFW OMSSV LTC-SDC ADW EFW
2.84E-08 s MSL3/ORS/CL4/2DG
3.15E-09 s MSL3/ORS/CL4/2DG/LTC-SDC
10 Lo o 221E-12 NDF MSL3/ORS/CL4/2DG/LTC-SDC/EFW
T7C-SDC
TP 3.15E-13 NDF MSL3/ORS/CL4/2DG/LTC-SDC/ADW
1.00E-03
L0 3.16E-11 NDF MSL3/ORS/CL4/2DG/OMSSV
1.66E-09 s MSL3/ORS/CL4/2DG/AFW
7.00E-04
3.34E-08 5.00E-02 Lo 1.16E-12 NDF MSL3/ORS/CLA4/2DG/AFW/EFW
MSL3/ORS/CLA/2DG AFW
1.00E-04
— 1.66E-13 NDF MSL3/ORS/CLA4/2DG/AFW/ADW
5.00E-03
Ty 1.67E-10 NDF MSL3/ORS/CL4/2DG/SWD18&D2

MAIN STEAM LINE BREAK CAUSING DEAERATOR LOW LEVEL

C:\CAFTA\TREE(ET)\MSL3B1-3.TRE

10-06-03
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Initiating Class Ill Power Supply SEQ.PROB. | PLANT | SEQUENCE| SEQUENCE
Event DAMAGE| NUMBER DESIGNATOR
STATE
Small Stea 4 DGs 3 DGs 2 DGs 1 DG
m Line Bre Available Available Available Available
ak & Loss for 24h for 24h for 24h for 24h
of CL4 (SD
IE-MSL3 DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
2.32E-07 CONT'D | MSL3C-1 IE-MSL3/CL4/UNAV-DGS=0
2.50E-07
MSL3-C 1.56E-08 CONT'D | MSL3C-2 IE-MSL3/CL4/UNAV-DGS=1
7.00E-02
AV-DGS < 4 1.76E-09 NDF IE-MSL3/CL4/UNAV-DGS=2
11
AV-DGS < 3 1.51E-10 NDF IE-MSL3/CL4/UNAV-DGS=3
8.60E-02
AV-DGS < 2
8.70E-02 _
AV-DGS < 1 1.44E-11 NDF IE-MSL3/CL4/UNAV-DGS=4

SMALL STEAM LINE BREAK (Causing Low Deaerator Lvl)

C\CAFTA\TREE(ET)\WMSL3-C.TRE

17-06-03




CONTROLLED - Licensing 10810-03660-AR-001 Page H-17
Rev. 1
Accident Support Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator System DAMAGE| DESIGNATOR
STATE
IE-MSL3 +Loss DIVISIONS #1 AUX. AUTO DE- Emergency
of FW Invent & #2 RSW / FEEDWATER PRESSURISATIO Feedwater
ory (RS by SD RCW SYSTEMS | SUPPLY TO SGs N WATER Sub-System
S1/2 & LOCI4) SYSTEM
MSL3C-1 SWD1&D2 AFW ADW EFW
2.32E-07 S MSL3/ORS/RRS/CL4
Lo0-04 1.62E-10 NDF MSL3/ORS/RRS/CLA/EFW
2.32E-07 )183\/5'04 2.32E-11 NDF MSL3/ORS/RRS/CL4/ADW
MSL3/ORS/RRS/CL4
1.00E-05
SWD1&D2 2.32E-12 NDF MSL3/ORS/RRS/CL4/SWD1&D2

MAIN STEAM LINE BREAK (Causing Low Deaerator Lvl.)

C:\CAFTA\TREE(ET)\MSL3C-1.TRE

10-06-03
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Accident Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator DAMAGE| DESIGNATOR
STATE
IE-MSL3 - DIVISIONS #1 AUX. AUTO- Emergency
Loss of Cl4 & #2 RSW / FEEDWATER DEPRESSURISAT Reserve
& 1 DG (RS RCW SYSTEMS | SUPPLY TO SGs ION WATER Feedwater
by SDS1/SDS2) SYS. System
MSL3C-2 SWD1&D2 AFW ADW ERFW
1.56E-08 S MSL3/ORS/RRS/CL4
7.00E-04
EREW 1.09E-11 NDF MSL3/ORS/RRS/CL4/ERFW
1.56E-08 e 1.56E-12 NDF MSL3/ORS/RRS/CL4/ADW
MSL3/ORS/RRS/CL4
1.00E-03
SWD1&D2 1.56E-11 NDF MSL3/ORS/RRS/CL4/SWD1&D2

MAIN STEAM LINE BREAK (Causing Low Deaerator Lvl.)

C:\CAFTA\TREE(ET)\MSL3C-2.TRE

17-06-03
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Accident Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR NUMBER
STATE
IE-MSL3 with Consequential AUX. OP. OPENS LONG TERM Auto- EMERGENCY
CND Unavail. Loss of FEEDWATER MSSVs & START (SHUTDOWN) Depressurizat FEEDWATER
(Reactor SD Class 4 Power SUPPLY TO SGs | S LTC-SDC (no COOLING ion Water SUBSYSTEM
by Setback) rmal mode) SYSTEM System
MSL3-D cL4 AFW OMSSV LTC-SDC ADW EFW
4.45E-05 s MSL3-D/CND\RRS
4.49E-07 s MSL3-D/CND\RRS/LTC-SDC
1.00E-04
1 00E-02 Lo 4.49E-11 NDF MSL3-D/CND\RRS/LTC-SDC/EFW
LTC-5DC
e 4.49E-11 NDF MSL3-D/CND\RRS/LTC-SDC/ADW
4.50E-08 s MSL3-D/CND\RRS/OMSSV
1.00E-04
1 00E.03 L 4.50E-12 NDF MSL3-D/CND\RRS/OMSSV/EFW
OMSSV
£00e04 4.50E-12 NDF MSL3-D/CND\RRS/OMSSV/ADW
1.35E-07 s MSL3-D/CND\RRS/AFW
4.75E-05 1.00E-04
MSL3-D/CND\RRS 4.00E.03 100 1.35E-11 NDF MSL3-D/CND\RRS/AFW/EFW
AFW
+00E04 1.35E-11 NDF MSL3-D/CND\RRS/AFW/ADW
2l le 2.38E-06 CONTD | MSL3-D/CND\RRS/CL4 MSL3-D1
MAIN STEAM LINE BREAK (With Low Deaerator Level) C\CAFTATREE(ET)\MSL3-D.TRE 10-06-03
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MSL3D-1 Class Il Power Supply SEQ.PROB. PLANT SEQUENCE| SEQUENCE
DAMAGE| NUMBER DESIGNATOR
STATE
MSL3 -CND 4 DGs 3 DGs 2 DGs 1 DG
Unav. & Lo Available Available Available Available
ss of CL4 for 24h for 24h for 24h for 24h
Power (RS
MSL3D-1 DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
2.21E-06 CONT'D | MSL3D1-1 IE-MSL3/CL4/UNAV-DGS=0
2.38E-06
MSL3D-1 1.48E-07 CONT'D | MSL3D1-2 IE-MSL3/CL4/UNAV-DGS=1
7.00E-02
AV-DGS < 4 1.67E-08 CONT'D | MSL3D1-3 IE-MSL3/CL4/UNAV-DGS=2
11
AV-DGS < 3 1.44E-09 NDF IE-MSL3/CL4/UNAV-DGS=3
8.60E-02
AV-DGS < 2
8.70E-02 _
AV-DGS < 1 1.37E-10 NDF IE-MSL3/CL4/UNAV-DGS=4

SMALL STEAM LINE BREAK (Causing Low Deaerator Lvl)

CA\CAFTA\TREE(ET)\MSL3D-1.TRE

17-06-03
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Accident Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator Action DAMAGE| DESIGNATOR
STATE
IE-MSL3 + Los | DIVISIONS #1 AUX. OP. OPENS LONG TERM AUTO- Emergency
s of CND (RS & #2 RSW / FEEDWATER | MSSVs & START | (SHUTDOWN) | DEPRESSURISAT Feedwater
by Setback & RCW SYSTEMS | SUPPLY TO SGs | S LTC-SDC (no COOLING ION WATER Sub-System
Loss of CL4) rmal mode) SYSTEM SYS.
MSL3D1-1 SWD1&D2 AFW OMSSV LTC-SDC ADW EFW
2.15E-06 s MSL3/CND\RRS/CL4
2.17E-08 s MSL3/CND\RRS/CLA4/LTC-SDC
7.00E-04
1 00E-02 Lo 1.52E-11 NDF MSL3/CND\RRS/CL4/LTC-SDC/EFW
LTC-SDC
e 2.17E-12 NDF MSL3/CND\RRS/CL4/LTC-SDC/ADW
2.19E-08 s MSL3/CND\RRS/CL4/OMSSV
7.00E-04
1.00E-02 L0k 1.54E-11 NDF MSL3/CND\RRS/CL4/OMSSV/EFW
OMSSV
L.00E.04 2.20E-12 NDF MSL3/CND\RRS/CL4/OMSSV/ADW
1.32E-08 s MSL3/CND\RRS/CL4/AFW
2.21E-06 7.00E-04
MSL3/CND\RRS/CL 6.00E-03 Lo 9.28E-12 NDF MSL3/CND\RRS/CLA/AFW/EFW
AFW
o 1.33E-12 NDF MSL3/CND\RRS/CL4/AFW/ADW
1.00E-05
e 2.21E-11 NDF MSL3/CND\RRS/CL4/SWD18&D2

SMALL STEAM LINE BREAK CAUSING LOW DEAERATOR LEVEL C:\CAFTA\TREE(ET)\MSL3D1-1.TRE 17-06-03
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Accident Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR
STATE
IE-MSL3 + DIVISIONS #1 AUX. OP. OPENS LONG TERM AUTO- Emergency
Loss of CND, & #2 RSW / FEEDWATER | MSSVs & START | (SHUTDOWN) | DEPRESSURISAT Feedwater
Cl4 & 1 DG RCW SYSTEMS | SUPPLY TO SGs | S LTC-SDC (no COOLING ION WATER Subsystem
rmal mode) SYSTEM SYS.
MSL3D1-2 SWD1&D2 AFW OMSSV LTC-SDC ADW EFW
1.38E-07 s MSL3/CND\RRS/CL4
7.24E-09 s MSL3/CND\RRS/CLA4/LTC-SDC
7.00E-04
5.00E-02 Lo 5.07E-12 NDF MSL3/CND\RRS/CL4/LTC-SDC/EFW
LTC-SDC
e 7.25E-13 NDF MSL3/CND\RRS/CL4/LTC-SDC/ADW
1.46E-09 s MSL3/CND\RRS/CL4/OMSSV
7.00E-04
1.00E-02 L0k 1.02E-12 NDF MSL3/CND\RRS/CL4/OMSSV/EFW
OMSSV
L.00E.04 1.46E-13 NDF MSL3/CND\RRS/CL4/OMSSV/ADW
1.48E-09 s MSL3/CND\RRS/CL4/AFW
1.48E-07 7.00E-04
MSL3/CND\RRS/CL 1.00E-02 Lo 1.03E-12 NDF MSL3/CND\RRS/CL4/AFW/EFW
AFW
o 1.48E-13 NDF MSL3/CND\RRS/CL4/AFW/ADW
1.00E-03
e 1.48E-10 NDF MSL3/CND\RRS/CL4/SWD18&D2

SMALL STEAM LINE BREAK CAUSING LOW DEAERATOR LEVEL C:\CAFTA\TREE(ET)\MSL3D1-2.TRE 10-06-03
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Accident Support Heat Sinks Operator Heat Sinks SEQ.PROB. | PLANT SEQUENCE
Initiator System Action DAMAGE| DESIGNATOR
STATE
IE-MSL3 + DIVISIONS #1 AUX. OPERATOR LONG TERM AUTO- Emergency
Loss of CND, & #2 RSW / FEEDWATER STARTS LONG | (SHUTDOWN) | DEPRESSURISAT Feedwater
Cl4 & 2 DGs | RCW SYSTEMS | SUPPLY TO SGs |TERM SHUTDOWN| — COOLING ION WATER Sub-System
COOLING SYSTEM Svs.
MSL3D1-3 SWD1&D2 AFW OLTC-SDC LTC-SDC ADW EFW
1.41E-08 s MSL3/CND\RRS/CL4
1.56E-09 s MSL3/CND\RRS/CL4/LTC-SDC
10 LoOE I 1.09E-12 NDF MSL3/CND\RRS/CLA4/LTC-SDC/EFW
[Tc-sbC
+00c04 1.56E-13 NDF MSL3/CND\RRS/CL4/LTC-SDC/ADW
1.58E-10 s MSL3/CND\RRS/CL4/OLTC-SDC
7.00E-04
1.00E-02 L0 1.10E-13 NDF MSL3/CND\RRS/CL4/OLTC-SDC/EFW
OLTC-SDC
1.00E-04
T 1.58E-14 NDF MSL3/CND\RRS/CL4/OLTC-SDC/ADW
8.30E-10 s MSL3/CND\RRS/CL4/AFW
L.67E-08 7.00E-04
MSL3/CND\RRS/CLZ 5.00E-02 L0 5.82E-13 NDF MSL3/CND\RRS/CLA/AFW/EFW
AFW
2'\'83\/'5'04 8.31E-14 NDF MSL3/CND\RRS/CLA/AFW/ADW
5.00E-03
AT 8.35E-11 NDF MSL3/CND\RRS/CL4/SWD1&D2

SMALL STEAM LINE BREAK CAUSING LOW DEAERATOR LEVEL C:\CAFTA\TREE(ET)\WMSL3D1-3.TRE

17-06-03
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Initiating Class Ill Power Supply SEQ.PROB. | PLANT | SEQUENCE| SEQUENCE
Event DAMAGE| NUMBER DESIGNATOR
STATE
Small Stea 4 DGs 3 DGs 2 DGs 1 DG
m Line Bre Available Available Available Available
ak & Loss for 24h for 24h for 24h for 24h
of CL4 (SD
IE-MSL3 DG-AV=4 DG-AV=3 DG-AV=2 DG-AV=1
1.16E-07 CONT'D | MSL3-E1 IE-MSL3/CL4/UNAV-DGS=0
1.25E-07 ,
MSL3-E 7.79E-09 CONT'D | MSL3-E2 IE-MSL3/CL4/UNAV-DGS=1
7.00E-02
AV-DGS < 4 8.80E-10 NDF IE-MSL3/CL4/UNAV-DGS=2
11
AV-DGS < 3 7.56E-11 NDF IE-MSL3/CL4/UNAV-DGS=3
8.60E-02
AV-DGS < 2
8.70E-02 _
AV-DGS < 1 7.20E-12 NDF IE-MSL3/CL4/UNAV-DGS=4

SMALL STEAM LINE BREAK (Causing Low Deaerator Lvl)

C\CAFTA\TREE(ET)\MSL3-E.TRE

17-06-03
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Accident Heat Sinks SEQ.PROB. | PLANT | SEQUENCE
Initiator DAMAGE| DESIGNATOR
STATE
IE-MSL3 -CND | AUXILIARY FW AUTO- Emergency
& RRS SUPPLY TO SGs | DEPRESSURISAT Feedwater
Unavail. + ION WATER Sub-System
Loss of Cl4 SYS.
MSL3E-1 AFW ADW EFW
1.16E-07 S MSL3/ORS/RRS/CLA
1 16E-07 e 8.12E-11 NDF MSL3/ORS/RRS/CLA/EFW
MSL3/ORS/RRS/CLA
%&8\9\?04 1.16E-11 NDF MSL3/ORS/RRS/CLA/ADW

MAIN STEAM LINE BREAK (With Low Deaerator Level) C:\CAFTA\TREE(ET)\MSL3E-1.TRE 10-06-03
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Accident Heat Sinks SEQ.PROB. | PLANT | SEQUENCE
Initiator DAMAGE| DESIGNATOR
STATE
IE-MSL3 -CND | AUXILIARY FW AUTO- Emergency
Unavail., Los SUPPLY TO SGs | DEPRESSURISAT Feedwater
s of Cl4 & 1D ION WATER Sub-System
G (RS by SDS1 SYS.
MSL3E-2 AFW ADW EFW
7 78E-09 S MSL3/CND/RRS/CLA
2 76E-00 e 5.45E-12 NDF MSL3/CND/RRS/CLA/EFW
MSL3/CND/RRS/CLA
%&8\9\?04 7.79E-13 NDF MSL3/CND/RRS/CLA/ADW

MAIN STEAM LINE BREAK (With Low Deaerator Level) C:\CAFTA\TREE(ET)\MSL3E-2.TRE 10-06-03
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Sym. FWLB Reactor 4 DGs 3 DGs 2 DGs 1 DG is SEQ.PROB. | Plant SEQUENCE| SEQUENCE
in TB (ups Shutdown Available Available Available Available Damage | NUMBER DESIGNATOR
tr. FW reg via for 24h for 24h for 24h for 24h State
. valves) SDS1&SDS2
IE-FWBS RS DG-AV = 4 DG-AV = 3 DG-AV = 2 DG-AV =1
2.05E-03 CONTD | FWBS-A FWBS/UNAV-DGS=0
1.37E-04 CONTD | FWBS-B FWBS/UNAV-DGS=1
7.00E-02
AV-DGS < 4 1.55E-05 CONTD | FWBS-C FWBS/UNAV-DGS=2
2.20E-03 A.\}lDGS <3 1.33E-06 CONTD | FWBS-D FWBS/UNAV-DGS=3
I[E-FWBS i 8.60E-02 e i e
AV-DGS < 2 |8.70E-02 : _
AV-DGS < 1 1.27E-07 CONTD | FWBS-E FWBS/UNAV-DGS=4
L0E0 2.20E-09 PDSO | FwBS1

Sym. FWLB in TB C:\CAFTA\TREE(ET)\FWBS-1.TRE 22-01-04
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Transfer Support Heat Sink SEQ.PROB. | CLASS | SEQUENCE SEQUENCE
System DESIGNATOR NUMBER
IE-FWBS/CL Division Auto- Emergency Operator Long Term
Iv, all fo 1&2 SW Depressuri Feedwater Starts Cooling
ur CLIII D (RSW/RCW) zation Wat Subsystem LTC-SDC System
Gs av. System er System Supply to
IE-FWBS SWD1&D2 ADW EFW OLTC-SDC LTC-SDC
2.05E-03 S FWBS-A
1.28E-06 S FWBS-A/EFW
1.00E-02
7. 00E-04 LTC-SDC 1.29E-08 PDS6 FWBS-A/EFW/LTC-SDC FWBS-A1l
EFW
.10
OLTCSDC 1.43E-07 PDS6 FWBS-A/EFW/OLTC-SDC | FWBS-A2
L0oe0d 2.05E-07 PDS6 | FWBS-A/ADW FWBS-A3
2.05E-03
FWBS-A
2.05E-08 S FWBS-A/SWD1&D2
7.00E-04
1. 00E-05 EFW 1.43E-11 NDF FWBS-A/SWD1&D2/EFW
SWD1&D2
':k.[())\c/)\lli-04 2.05E-12 NDF FWBS-A/SWD1&D2/ADW
FWLB SYM. (upstrm. of FW reg. valves) T/B - P2 C:\CAFTA\TREE(ET)\FWBS-2.TRE 22-01-04
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Transfer Support Heat Sink SEQ.PROB. | CLASS | SEQUENCE SEQUENCE
System DESIGNATOR NUMBER
IE- Division Auto- Emergency Operator Long Term
FWBS/CLIV, 1&2 SW Depressuri Feedwater Starts Cooling
3 DGs (RSW/RCW) zation Wat Subsystem LTC-SDC System
available System er System Supply to
IE-FWBS SWD1&D2 ADW EFW OLTC-SDC LTC-SDC
1.37E-04 S FWBS-B
8.19E-08 S FWBS-B/EFW
5.00E-02
7. 00E-04 LTC-SDC 4.31E-09 PDS6 FWBS-B/EFW/LTC-SDC FWBS-B1
EFW
.10
OLTCSDC 9.58E-09 PDS6 FWBS-B/EFW/OLTC-SDC | FWBS-B2
L0oe0d 1.37E-08 PDS6 | FWBS-B/ADW FWBS-B3
1.37E-04
FWBS-B
1.37E-07 S FWBS-B/SWD1&D2
7.00E-04
1.00E-03 EFW 9.59E-11 NDF FWBS-B/SWD1&D2/EFW
SWD1&D2
1.00E-04 1.37E-11 NDF FWBS-B/SWD1&D2/ADW
ADW
FWLB SYM. (upstrm. of FW reg. valves) T/B - P3 C:\CAFTA\TREE(ET)\FWBS-3.TRE 22-01-04
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Transfer Support Heat Sink SEQ.PROB. | CLASS | SEQUENCE SEQUENCE
System DESIGNATOR NUMBER
IE- Division Auto- Emergency Operator Long Term
FWBS/CLIV, 1&2 SW Depressuri Feedwater Starts Cooling
2 DGs (RSW/RCW) zation Wat Subsystem LTC-SDC System
available System er System Supply to
IE-FWBS SWD1&D2 ADW EFW OLTC-SDC LTC-SDC
1.54E-05 S FWBS-C
8.74E-09 S FWBS-C/EFW
.10
7. 00E-04 [TC-SDC 9.72E-10 NDF FWBS-C/EFW/LTC-SDC
EFW
.10
OLTCSDC 1.08E-09 PDS6 FWBS-C/EFW/OLTC-SDC | FWBS-C1
L0oe0d 1.54E-09 PDS6 | FWBS-C/ADW FWBS-C2
1.55E-05
FWBS-C
7.74E-08 S FWBS-C/SWD1&D2
7.00E-04
5 00E-03 EFW 5.42E-11 NDF FWBS-C/SWD1&D2/EFW
SWD1&D2
i.g\(/)\l/i-04 7.75E-12 NDF FWBS-C/SWD1&D2/ADW
FWLB SYM. (upstrm. of FW reg. valves) T/B - P4 C:\CAFTA\TREE(ET)\FWBS-4.TRE 28-01-04
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Transfer Support Heat Sink SEQ.PROB. | CLASS | SEQUENCE
System DESIGNATOR
IE- Division Auto- Emergency Operator Long Term Dormant
FWBS/CLIV, 1&2 SW Depressuri Feedwater Starts Cooling ECC
1 DGs (RSW/RCW) zation Wat Subsystem LTC-SDC System
available System er System Supply to
IE-FWBS SWD1&D2 ADW EFW OLTC-SDC LTC-SDC DECC
1.32E-06 S FWBS-D
7.00E-04
EEW 9.22E-10 NDF FWBS-D/EFW
1.00E-04
ADW 1.32E-10 NDF FWBS-D/ADW
1.33E-06
FWBS-D 1.33E-08 s FWBS-D/SWD1&D2
7.00E-04
1.00E-02 EFW 9.31E-12 NDF FWBS-D/SWD1&D2/EFW
SWD1&D2
S 1.33E-12 NDF | FWBS-D/SWD1&D2/ADW

FWLB SYM. (upstrm. of FW reg. valves) T/B - P5

C:\CAFTA\TREE(ET)\FWBS-5.TRE

22-01-04
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Transfer Heat Sink SEQ.PROB. | CLASS | SEQUENCE
DESIGNATOR
IE- Auto- Emergency
FWBS/CLIV, Depressuri Feedwater
No DGs zation Wat Subsystem
available er System Supply to
IE-FWBS ADW EFW
1.27E-07 S FWBS-E
7.00E-04
1 97E-07 EEW 8.89E-11 NDF FWBS-E/EFW
FWBS-E
1.00E-04
ADW 1.27E-11 NDF FWBS-E/ADW
C:\CAFTA\TREE(ET)\FWBS-6.TRE 22-01-04

FWLB SYM. (upstrm. of FW reg. valves) T/B - P5
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Event Treefor Asymmetric FW Line Break Downstream of SG Check Valve

10810-03660-AR-001 2004/01/28
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Initiating Reactor Support System ECC HTS Make- Heat Sinks Op. Action Heat Sinks SEQ.FREQ. | CLASS | SEQUENCE Sequence

Event Shutdown Support up DESIGNATOR Number

Asym. FWLB Reactor Class IV Service Wa Crash Dormant AFW or SG Operator Long Term

in R/B (d Shutdown Power ter System Cooldown ECC Isolation Starts LTC Cooling Sy

ownst. S/G via available (RSW/RCW) (cct + Injection Failures ( -SDC (with stem - Shu

check val SDS1&SDS2 Divisions CC2) break isol in 30min.) tdown Cool

IE-FWBA RS CLIV SWD1&D2 CcC DECC AFW-IS OLTC-SDC LTC-SDC

5.21E-05 S IE-FWBA
1.00E-02
1TC.5DC 5.26E-07 PDS6 IE-FWBA/LTC-SDC FWBA1
3.50E-02
OLTC-SDC 1.91E-06 PDS6 IE-FWBA/OLTC-SDC FWBA2
1.00E-02
AFWIS 5.50E-07 PDS6 IE-FWBA/AFW-IS FWBA3
1.00E-03
DECC 5.51E-08 PDS2 IE-FWBA/DECC FWBA4
é'gOE-OS 5.51E-10 PDS1 IE-FWBA/CC FWBAS5
1.00E-05
SWD1&D2 5.51E-10 NDF IE-FWBA/SWD1&D2
5.80E-05 5.00E-02
E-EWEBA CLIV 2.90E-06 PDS6 IE-FWBA/CLIV FWBAG6
%{'gOE_OG 5.80E-11 PDSO IE-FWBA/RS FWBA7
FWLB ASYM. (downstr. of S/G check valve) R/B - P1 C:\CAFTA\TREE(ET)\[E-FWBA.TRE 26-01-04
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Appendix K

Event Treefor Loss of Reactivity Control Leading to Core Power Excursion

10810-03660-AR-001 2004/01/28
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Initiating Reactor Shutdown SEQ.PROB. | PLANT SEQUENCE SEQUENCE
Event DAMAGE| DESIGNATOR NUMBER
STATE
LOSS OF SHUT DOWN BY | SHUTDOWN BY
REACTIVITY SDS1 ON ROP | SDS2 ON ROP
CONTROL OR HLR OR HLR
IE-LOR SDS1 SDS2
4.24E-02 s IE-LOR
4.24E-02
IE-LOR 4.24E-05 S IE-LOR/SDS1
1.00E-03
SDS1
1.00E-03 4.24E-08 PDSO | IE-.LOR/SDS1/SDS?2 | LOR1
SDS2
LOSS OF REACTIVITY CONTROL CAUSING POWER EXCURSION C:\CAFTA\TREE(ET)ACR-LOR.TRE 21-07-03
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