57B. Modeling of Operator Actions in Fire Scenarios AP1000 Probabilistic Risk Assessment

ATTACHMENT 57B

MODELING OF OPERATOR ACTIONS IN FIRE SCENARIOS

57B.1

In the AP1000 PRA internal fire analysis for events at power scenarios, operator actions are
credited or affected for a few cases. This attachment discusses these operator actions and
provides their failure probabilities.

OPA-01 = Operator deactivates the protection and safety monitoring system (PMS) division
involved in the fire.

OPA-02 = Operator opens the manual valve to sprinklers in containment.

This attachment also discusses remote shutdown panel actions and credit for manual
actuation of ADS by DAS.

Calculation of Failure Probability of OPA-01

This section describes the operator action to diagnose a fire in a PMS division fire area and
deactivate the PMS division involved in the fire, before two cabinets and their cable trays are
involved in the fire. The operator deactivates the PMS division by removing power from all
equipment in the affected division by switches in the affected IDS division. The main reason
for this operator action is to prevent potential hot shorts in two cabinets/cable trays that may
spuriously activate an ADS line. The action also renders the IDS division inoperable.

During normal plant operation at power, a fire event is postulated to occur in a fire area
containing either division A, B, C, or D of PMS. These fire areas are labeled as 1202AF04,
1201AF02, 1201AF03, and 1202AF03. These fire areas contain multiple cabinets and their
cable trays. Moreover, they contain multiple fire zones located at different floors. The bulk of
the combustibles in such a fire area are due to the cabinets and the cable trays. There are no
other main sources of combustibles. Thus, a most likely location of a fire is at one cabinet or
a cable tray. A hot short in a single cabinet or cable tray is not capable of creating a spurious
ADS actuation signal due to engineered design features; another coincidental hot short in a
different (for example, adjacent) cabinet (or in its cable tray) must also happen by fire
propagation to create the possibility of two hot shorts leading to spurious ADS actuation of
any single or multiple stage ADS lines. The AP1000 DCD, in Section 9.5.1.8, states, “The
Combined License applicant provides an analysis that demonstrates that operator actions
which minimize the probability of the potential for spurious ADS actuation as a result of a
fire can be accomplished within 30 minutes following detection of the fire.” The fire areas in
question are constantly monitored by smoke detectors, which are alarmed in the main control
room. When the fire alarm is detected in the control room, the emergency procedures direct
the control room staff to immediately go to the fire area in question (one floor down) to
confirm the fire; then go down another floor to a different fire zone in the same fire area to
deactivate the specific IDS division by opening a breaker. This breaker is clearly marked and
is in a fire zone that does not contain the cabinets or the cable trays. The two zones (one
containing the cabinets and the other containing the deactivation switch) are on different
floors. It is not expected that the operator’s entry into the deactivation zone is hampered by
the fire in the cabinet zone.
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The most likely scenario is that the fire is limited to a cabinet or a cable tray. It is assumed
that it takes at least 30 minutes for fire to potentially propagate from one cabinet/cable tray to
another adjacent one. This time window allows a realistic chance for the operators to both
deactivate the IDS division and to suppress the fire. It is also assumed that the fire alarm
sounds within seconds to minutes of the fire starting, due to placement of fire detectors close
to cabinets/cable trays, so that the operator time window for diagnosis and action is not
considerably shortened.

If the operator action is performed successfully in the time window of 30 minutes following
the alarm in the main control room, a spurious ADS signal is unlikely.

Calculation of OPA-01 HEP

Diagnosis and action phases of a human action is considered to model this operator action.
Due to the relative shortness of the available time window and uncertainty about the length of
the time window, no credit is taken for recovery phase.

It is assumed that a control room operator goes down one floor to confirm that a fire is in
progress; then go another floor down to deactivate the division. A time period of 10 minutes
is more than sufficient to perform these actions. This allows a time period of up to 20 minutes
for the “diagnosis” phase of the operator action. The diagnosis is based on responding to an
alarm in the control room. No reactor trip, or multiple alarms are expected at this point.

The performance shaping factors (PSF) for this operator action are as follows:

1. There are emergency procedures for this action. The procedures are short (short
list: <= 10 items). However, it is not expected that these procedures are routinely
simulated.

2. The diagnosis is to be made in the MCR; the action to deactivate takes place in a fire
zone two floors down.

3. Initially, there should be no unduly stress factor. However, after the operator confirms
the fire, there may be some additional stress, which may influence the deactivation step.

4. The action is simple, and unambiguous, once the fire is confirmed.
5. The 30-minute time window is adequate for both diagnosis and action.

6. The deactivation switch is well identified and visible during the event (no excessive
smoke in the fire zone containing the switch); the lights in the zone and in the corridors
leading to the zone are operational (either primary or emergency lighting is available).
There are no similar switches in the vicinity of the deactivation switch.

The human error probability (HEP) is given below. The HEP for the OPA-01 is calculated as
follows.
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57B.2

Diagnosis Phase

HEP for diagnosis within 20 minutes by control room personnel of abnormal event
annunciated in the MCR:

Median: 0.01 (input from NUREG/CR-1278, August 1983, Table 20-3, Item 3)
Error Factor (EF): 10 (input)

Mean: 2.66E-02 (calculated)

Stress: Optimum (normal)

PSF adjustment for HEP = 1.0 (multiplier)
HEP(diagnosis) = 0.0266
Action Phase

HEP for omission of a step in a short procedure:

Median: 0.001 (input from NUREG/CR-1278, August 1983, Table 20-7, Item 1)
EF: 3 (input)

Mean: 1.25E-03 (calculated)

Stress: Moderately high

Tagging Level: Normal
PSF adjustment for HEP = 2.0 (multiplier)

HEP(action) = 0.0025

HEP(OPA-01) = HEP(diagnosis) + HEP(action) = 0.03
EF of HEP = 10 (higher of the two EFs is assigned).
Result

The mean value of the HEP for OPA-01 is calculated to be 0.03 with an error factor of
10 (assuming a lognormal distribution). The 95% confidence level of this HEP is 0.11.

Major modeling assumptions that may affect the result:
1. Availability of a 30-minute time window.

2. The operator can reach the deactivation switch (fire zone is not affected by the fire in the
cabinet fire zone).

Calculation of Failure Probability of OPA-02

The operator action is to diagnose a fire in the containment fire area 1100AF 11300B, and to
open the manual valve to supply water to the fire suppression system in the area. This should
be accomplished before multiple sets of cabinets/cable trays involving multiple divisions and
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non-1E power are involved in the fire. This operator action is defined as OPA-02. The
operator supplies water to the fire suppression system by opening a manual valve in fire area
12306, which is outside the Containment. The main reason for this operator action is to
prevent a fire starting in non-1E power to propagate to 1E divisions, or vice versa. If the
operator action fails, both the 1E division and non-1E power in the area are conservatively
assumed to be inoperable due to fire. Hot shorts may occur whether the operator action is
successful or not.

A fire in the containment fire area 1100AF 11300B is alarmed both in the MCR and also in
the central fire security station. There are fire procedures that directs the fire emergency
personnel to go to the fire zone 1231AF12306 and open a manual valve to supply water to the
fire suppression system in 1100AF 11300B. The valve is well tagged and easily located. The
valve area is well lit (emergency lighting exists).

The time window to diagnose and perform this action is at least 30 minutes due to ample
spacing between the 1E division cables and non-1E division cables. In fact, the distances
between non-1E and 1E division cables involved make fire propagation from one set of
cables to the other very unlikely. Currently, this fact is not credited probabilistically in the
model.

Calculation of OPA-02 HEP

Diagnosis and action phases of a human action models this operator action. No credit is taken
for recovery phase.

A time period of 10 minutes is more than sufficient to perform the action phase. This allows a
time period of up to 20 minutes for the “diagnosis” phase of the operator action. The
diagnosis is based on responding to an alarm in the central fire security station. No multiple
alarms are expected at this point.

The performance shaping factors for these operator actions are as follows:

1. There are emergency procedures for this action. The procedures are short (short
list: <= 10 items). However, it is not expected that these procedures are routinely
simulated.

2. The diagnosis is to be made in the central fire security station; the action takes place in
fire zone 1231AF12306, which is not affected by the fire. The fire (that is in the
Containment) does not affect the route from the central fire security station to the fire
suppression water supply manual valve.

3. Initially, there should be no unduly stress factor. However, after the operator confirms
the fire, there may be some additional stress, which may influence the action step.

4. The action is simple, and unambiguous, once the fire is confirmed.
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5. The 30-minute time window is adequate for both diagnosis and action.

6. The manual valve is well identified and visible during the event. The lights in the fire
zone containing the actuation manual valve and in the corridors leading to the zone are
operational (either primary or emergency lighting is available). There are no other valves
within the near vicinity of the valve in question.

The human error probability (HEP) is given below. The HEP for the OPA-02 is calculated as
follows.

Diagnosis Phase
HEP for diagnosis within 20 minutes (by control room personnel — assumed to apply also to

the central fire security station emergency personnel) of abnormal event annunciated in the
central fire security station:

Median: 0.01 (input from NUREG/CR-1278, August 1983, Table 20-3, Item 3)
EF: 10 (input)

Mean: 2.66E-02 (calculated)

Stress: Optimum (normal)

PSF adjustment for HEP = 1.0 (multiplier)
HEP (diagnosis) = 0.0266
Action Phase

HEP for omission of a step in a short procedure:

Median: 0.001 (input from NUREG/CR-1278, August 1983, Table 20-7, Item 1)
EF: 3 (input)

Mean: 1.25E-03 (calculated)

Stress: Moderately high

Tagging Level: Normal
PSF adjustment for HEP = 2.0 (multiplier)

HEP(action) = 0.0025
HEP (OPA-01) = HEP (diagnosis) + HEP (action) = 0.03

EF of HEP = 10 (higher of the two EFs is assigned).
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57B.3

57B4

Result

The mean value of the HEP for OPA-02 is calculated to be 0.03 with an error factor of
10 (assuming a lognormal distribution). The 95% confidence level of this HEP is 0.11.

Major modeling assumptions that may affect the result:
1.  Availability of a 30-minute time window.
Failure Probability of Fire Suppression

The failure probability of fire suppression (Q8) is the sum of the failure probabilities of the
operator action and the suppression equipment failure. Failure probability of suppression
equipment is 0.05 (taken from Table 57-6).

Q8 =0.03 +0.05 =0.08.
Operator Actions at Remote Shutdown Panel

In the event of a MCR fire, the MCR crew trips the reactor, evacuates the MCR, and disables
the MCR functions from a panel outside the MCR. Then, they proceed to the remote
shutdown workstation for plant shutdown operations. The systems potentially needed for the
shutdown, reactor trip, SFW, CMT, ADS, etc., have automatic actuation capabilities still
available (no need for operator actuation), similar to the MCR. Operator intervention is
required only in cases that would have needed operator actions if the operators had been in
the MCR.

Thus, credit is taken for automatic actuation of shutdown functions at the remote shutdown
workstation after evacuation and deactivation of MCR. In these scenarios, the operator action
(for cases of automatic actuation failures, or for those systems that do not have automatic
actuation) failure probabilities are increased to reflect the potentially negative performance
shaping factors. This is done in a screening analysis fashion (e.g., conservatively) by
increasing the HEPs to 0.1, whenever they are less than 0.1.

More Reliable REC-MANDAS

In Attachment 57A, Section 57A.2, the failure probability of ADS actuation by DAS has been
revised (lowered), as discussed in that section. This revision implies that the REC-MANDAS
operator action HEP, which is calculated to be 1.16E-02 for the base PRA case, has been
reduced for the specific cases in which it is used for the fire scenarios. The reduction is at the
order of a factor of 10.
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ATTACHMENT 57C

FIRE AREA EVENT TREES DEFINING SCENARIOS

This attachment contains the event tree models for each fire area, the data used in the event
trees to quantify the scenario initiating event frequencies (Table 57C-1), and the scenario
CDFs (Table 57C-2).
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Table 57C-1 (Sheet 1 of 5)

DATA USED IN EVENT TREE SCENARIO FREQUENCY CALCULATIONS
TABLE 57-6 AUTOMATIC SUPPRESSION SYSTEM RELIABILITY

Unavailability
System Type of System Source
Wet Pipe Sprinkler System 2.00E-02 Table 57-6
Preaction or Dry Pipe Sprinkler System 5.00E-02 Table 57-6
Deluge Sprinkler or Water Spray System 5.00E-02 Table 57-6
CO, System 4.00E-02 Table 57-6
Halon System 5.00E-02 Table 57-6
No Fire Suppression System 1 Total Failure = 1
Fire Suppression System in Zone 1100 AF 11300B 8.00E-02 See Atttachment 57B, Paragraph 57B.1
Probability of Fire Propagation to an Adjacent Area 0.01 Assumed Value (See Paragraph 57.4.2)
Probability of Hot-Shorts Leading to Spurious 0.06 NUREG/CR-2258 (See Reference 8)
Actuation - Case of One Ordered Cable
No Spurious Actuation 0 If there is no spurious actuation, then
Probability = 0

TABLE 57-7 FIRE IGNITION FREQUENCIES FOR AP1000 FIRE AREAS

Ignition
Fire Area Area Description Frequency Source
0000 AF 00 Yard Building (Including Transformer Yard) 2.00E-02 Table 57-3
1200 AF 01 RCA of Auxiliary Building (All Zones) 1.81E-02 Table 57-3
1200 AF 01 RCA of Aux. Building 9.95E-03
1220 AF 12251 | Zone 1220 AF 12251 With Sprinklers
1200 AF 02 New Fuel and Used Fuel Storage, Waste Disposal Container 1.10E-03 Table 57-3
(All Zones)
1200 AF 02 New Fuel and Used Fuel Storage, Waste Disposal Container, 1.84E-04
1230 AF 12371 | Rail Car Bay Zone
1200 AF 03 Corridors 100’ & 117°6" 1.63E-03 Table 57-3
1201 AF 02 Division B Batteries/DC Equipment Room/Instrumentation 3.73E-03 Table 57-3
and Control
1201 AF 03 Division D DC Equipment/I&C 3.04E-03 Table 57-3
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Table 57C-1 (Sheet 2 of 5)

DATA USED IN EVENT TREE SCENARIO FREQUENCY CALCULATIONS

Ignition
Fire Area Area Description Frequency Source

1201 AF 04 Division B/D VBS Equipment 3.60E-04 Table 57-3
1201 AF 05 MSIV Compartment A 6.60E-04 Table 57-3
1201 AF 06 MSIV Compartment B 3.31E-04 Table 57-3
1202 AF 02 Northeast Elevator Shaft 1.17E-03 Table 57-3
1202 AF 03 Division C Batteries/DC Equipment/I&C Room/RCP Trip 4.45E-03 Table 57-3

Switchgear Room/1&C Penetration Room
1202 AF 04 Division A Electrical Equipment/Battery Room/I1&C Room 3.00E-03 Table 57-3
1204 AF 01 RNS Pump Room B 4.97E-03 Table 57-3
1204 AF 03 South Shield Building Elevator Shaft 1.17E-03 Table 57-3
1205 AF 02 Southeast Elevator Shaft 1.17E-03 Table 57-3
1210 AF 01 Corridor/Spare Battery Room/Spare Room/Spare Battery 1.47E-03 Table 57-3

Charger Room
1220 AF 01 Division B RCP Trip Switchgear/Spare Room/Corridor 82’ 6" 4.43E-03 Table 57-3
1220 AF02 Lower Annulus Valve Area 1.71E-04 Table 57-3
1230 AF 01 Corridor Division A, B, C, D and Remote Shutdown 1.71E-04 Table 57-3

Workstation
1230 AF 02 Non-Class 1E Electrical Compartment - 100° 1.56E-03 Table 57-3
1232 AF 01 Remote Shutdown Workstation 1.32E-04 Table 57-3
1240 AF 01 Non-Class 1E Electrical Compartment - 117’ 1.55E-03 Table 57-3
1242 AF 02 Division A Penetration Area 3.33E-04 Table 57-3
1243 AF 01 Reactor Trip Switchgear I 2.84E-03 Table 57-3
1243 AF 02 Reactor Trip Switchgear II 2.84E-03 Table 57-3
1250 AF 01 Nonradioactive Ventilation System 2.68E-03 Table 57-3
2000 AF 01 Turbine Building Floor 6.47E-02 Table 57-3
2003 AF 01 Auxiliary Boiler Equipment Room 1.23E-03 Table 57-3
2009 AF 02 Elevator Machine Room 1.17E-03 Table 57-3
2033 AF 02 Motor-Driven Fire Pump Room 1.01E-03 Table 57-3
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DATA USED IN EVENT TREE SCENARIO FREQUENCY CALCULATIONS

Table 57C-1 (Sheet 3 of 5)

Ignition
Fire Area Area Description Frequency Source
2040 AF 01 Clean and Dirty Lube Oil Storage 2.83E-04 Table 57-3
2043 AF 01 Chemical Laboratory 3.23E-04 Table 57-3
2050 AF 01 Lube Oil Conditioner Room 2.83E-04 Table 57-3
2052 AF 01 Southwest 6.9KV Switchgear Room 2.48E-03 Table 57-3
2053 AF 01 Electrical Equipment Room 6.70E-03 Table 57-3
2053 AF 02 Northwest 6.9KV Switchgear Room 2.48E-03 Table 57-3
4003 AF 01 Demineralized Water Deoxygenating Room/Air Handling 4.26E-03 Table 57-3
Equipment Rooms
4031 AF 01 Battery Room and Battery Charger Room 1 2.87E-03 Table 57-3
4031 AF 02 Battery Room and Battery Charger Room 2/Computer Room 3.14E-03 Table 57-3
B/Shift Turnover Room
4031 AF 05 Access Area, Access Corridor, Security Room 2, Corridor, 1.42E-03 Table 57-3
Rest Room
4031 AF 06 Central Alarm Station/Security Room 1 1.93E-03 Table 57-3
4032 AF 01 Decontamination Room, Non-Radiological and Radiological 8.53E-04 Table 57-3
Controlled Area Entries...
4032 AF 02 Containment Access Corridor Elevation 107°2” 4.38E-04 Table 57-3
4033 AF 01 Hot Machine Shop 1.67E-03 Table 57-3
4034 AF 01 General Offices 1.42E-03 Table 57-3
4041 AF 01 Conference Rooms/Computer Room A/Corridor 4.66E-04 Table 57-3
4041 AF 02 Corridor/Restroom 4.50E-04 Table 57-3
4042 AF 01 Non-Class 1E Switchgear #1 8.34E-03 Table 57-3
4042 AF 02 Non-Class 1E Switchgear #2 2.66E-03 Table 57-3
4052 AF 01 Staging and Storage Area/Containment Air Filtration Exhaust 1.94E-03 Table 57-3
Rooms A & B
5031 AF 01 Radwaste Building 2.42E-02 Table 57-3
6030 AF 01 Diesel Generator Room A 2.99E-02 Table 57-3
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Table 57C-1 (Sheet 4 of 5)

DATA USED IN EVENT TREE SCENARIO FREQUENCY CALCULATIONS

Ignition
Fire Area Area Description Frequency Source
6030 AF 02 Diesel Generator Room B 3.03E-02 Table 57-3
6030 AF 03 Fuel Oil Day Tank Room A 2.10E-04 Table 57-3
6030 AF 04 Fuel Oil Day Tank Room B 2.10E-04 Table 57-3
Total 2.80E-01 Table 57-3

TABLE 57-4 FIRE IGNITION FREQUENCIES FOR AP1000 CONTAINMENT FIRE AREA

Fire Area Description Frequency Source
1100 AF 11204 Reactor Coolant Drain Tank Room 3.50E-05 Table 57-4
1100 AF 11206 Accumulator Room A 1.81E-05 Table 57-4
1100 AF 11207 Accumulator Room B 1.81E-05 Table 57-4
1100 AF 11208 RNS Valve Room 1.81E-05 Table 57-4
1100 AF 11300A | Maintenance Floor (SE Quadrant Access) 1.54E-04 Tabile 57-4
1100 AF 11300B | Maintenance Floor (NNE Quadrant) and RCDT 3.71E-04 Table 57-4

Access
1100 AF 11301 SG Compartment 1 1.70E-04 Table 57-4
1100 AF 11302 SG Compartment 2 9.51E-05 Table 57-4
1100 AF 11303 Pressurizer Compartment 1.81E-05 Table 57-4
1100 AF 11303A | ADS Lower Valve Area 1.81E-05 Table 57-4
1100 AF 11303B | ADS Upper Valve Area 1.81E-05 Table 57-4
1100 AF 11500 Operating Deck 4.92E-04 Calculated in

Section 57.3.4 as
4.90E-04

1200 AF 12341 Middle Annulus 2.29E-05 Table 57-4
1200 AF12555 Main Control Room Emergency Habitability System 1.50E-03 Table 57-4

Air Storage/Operating Deck Staging Area

Total 2.95E-03 Table 57-4

Main Control Room Fire Ignition Frequency 9.5E-03 Section 57.4.5.3

MCR CDF 3.18E-12 Section 57.6
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Table 57C-1 (Sheet 5 of 5)

DATA USED IN EVENT TREE SCENARIO FREQUENCY CALCULATIONS

Fire Area Description Frequency Source

Calculations

Failure of Suppression in a Zone Without Automatic 1 Manual Fire

Fire Suppression Suppression Not
Credited in
AP1000

Both NSS Trains Are Damaged By Fire In A Turbine 0.5 Expresses the

Floor Fire Scenario When Suppression Works possibility of just
losing one out of
two NSS trains

LOSP Following Yard Building Fire 1 LOSP Assumed
Following A
Yard Fire

Logical Switch 1 1 Probability = 1

HF-1 To Switch Off The Electrical Cabinets In Case 0.97 The probability

of Fire In A Room to fail to switch
off the electrical
cabinets in one
electrical
division is 0.03;
then the
probability to
switch off the
cabinet before
spurious
actuation is
1-0.03=0.97

Spurious Actuation Stage 4/Spurious Actuation 0.5 = 2/(2+2)

Stage 1, 2 or 3 + Stage 4

Logical Switch 0 0 Probability =0

Qxx (fire propagation from 1&C to DAS cables) 1.00E-02 Section 57.4.5.2;

within the same containment fire zone fire area 1100AF
11300B

57C-6

Revision 1




§7C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

Table 57C-2 (Sheet 1 of 5)

CCDPs USED IN FIRE EVENT TREES

TABLE 57A-1 SUMMARY OF SCENARIO CCDPs

Fire CCDP
Initiating Scenario Description Scenario Scenario AP1000 Ratio
Event (Additional Failures) CCDP Number CCpP f/a
f a
IEV-LMFW Loss of SFW, CCW, SWS, CAS 7.73E-08 | SCENI1 2.45E-09 31.53
IEV-TRANS Loss of SFW, CCW, SWS, CAS 7.51E-08 | SCENIA 2.10E-09 35.72
IEV-LMFW Loss of SFW, CCW, SWS, CAS, DivD 1.93E-07 | SCEN2 2.45E-09 78.51
IEV-LMFW Loss of SFW, CCW, SWS, CAS, Div B 1.93E-07 | SCEN2A 2.45E-09 78.51
IEV-SPADS Loss of SFW, CCW, SWS, CAS, DivD 1.25E-03 | SCEN3 5.48E-04 2.28
IEV-SPADS Loss of SFW, CCW, SWS, CAS, DivD 1.25E-03 | SCEN3A 5.48E-04 2.28
IEV-SPADS Loss of Division B power 1.25E-03 | SCEN3B 5.48E-04 2.28
IEV-SPADS Loss of Division A power 1.25E-03 | SCEN3C 5.48E-04 2.28
IEV-SPADS Loss of Division D power 1.25E-03 | SCEN3D 5.48E-04 2.28
IEV-LOSP Loss of SFW, CCW, SWS, CAS, power on 1.05E-07 | SCEN4A 8.37E-09 12.54
main AC buses OTH-R05 =1
IEV-LOSP Loss of SFW, CCW, SWS, CAS, Div D, 1.63E-07 | SCEN5S 8.37E-09 19.45
power on main AC buses
IEV-LOSP Loss of SFW, CCW, SWS, CAS, Div D, 2.33E-07 | SCEN5A 8.37E-09 27.82
power on main AC buses OTH-R05=1
IEV-LMFW Loss of one train of SFW, CCW, SWS, CAS | 7.73E-08 | SCEN6 2.45E-09 31.53
IEV-LMFW Loss of one train of SFW, CCW, SWS, 1.93E-07 | SCEN7 2.45E-09 78.72
CAS, DivD
IEV-LOSP AC power not recoverable after LOSP 1.02E-07 | SCENS8 8.37E-09 12.18
IEV-MLOCA | Loss of Division B and D power 2.28E-03 | SCEN9 3.69E-05 61.71
IEV-MLOCA | Loss of Division B and D power 2.28E-03 | SCEN9A 3.69E-05 61.71
IEV-MLOCA | Loss of Division A and C power 2.28E-03 | SCEN9B 3.69E-05 61.71
IEV-TRANS Loss of A, B, C and D power 2.70E-06 | SCENI0O 2.10E-09 1.28E+03
IEV-TRANS Loss of Division A and C power 2.70E-06 | SCENI11 2.10E-09 1.28E+03
IEV-TRANS Loss of Division B and D power 2.70E-06 | SCEN11A | 2.10E-09 | 1.28E+03
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Table 57C-2 (Sheet 2 of 5)

CCDPs USED IN FIRE EVENT TREES

Fire CCDP
Initiating Scenario Description Scenario Scenario AP1000 Ratio
Event (Additional Failures) CCbP Number (6(01)) f/a
IEV-SPADS Loss of Division A and C power 1.60E-03 | SCEN12 5.48E-04 292
IEV-SPADS Loss of Division B and D power 1.60E-03 | SCENI12A | 5.48E-04 2.92
IEV-MLOCA | Loss of Division A and C power 2.28E-03 | SCEN13 3.69E-05 61.71
IEV-TRANS Loss of Division A power 2.70E-09 | SCEN14 2.10E-09 1.28
IEV-TRANS Loss of Division D power 7.47E-08 | SCEN14A | 2.10E-09 35.53
IEV-TRANS Loss of Division B power 7.23E-08 | SCENI14B | 2.10E-09 34.39
IEV-TRANS Loss of CVS 2.10E-09 | SCEN15 2.10E-09 1.00
IEV-TRANS Loss of RNS and CVS 2.55E-09 | SCENI15A | 2.10E-09 1.21
IEV-TRANS Loss of Division C power and CVS 270E-09 | SCEN16 2.10E-09 1.28
IEV-TRANS Loss of Reactor Trip Switchgear I 2.10E-09 | SCEN17 2.10E-09 1.00
IEV-MLOCA | Loss of DAS, RNS, and CVS 1.31E-03 | SCENI18 3.69E-05 35.46
IEV-SPADS Loss of RNS, CVS and DAS 1.02E-03 | SCEN19 5.48E-04 1.86
IEV-MLOCA | Loss of Division B power 8.07E-04 | SCEN20 3.69E-05 21.84
IEV-MLOCA | Loss of Division D power 8.07E-04 | SCEN20A | 3.69E-05 21.84
IEV-MLOCA | Loss of Division C power 8.07E-04 | SCEN20B | 3.69E-05 21.84
IEV-MLOCA | Loss of Division A power 8.07E-04 | SCEN20C | 3.69E-05 21.84
IEV-TRANS Loss of DAS & non-1E electrical division 1.38E-06 | SCEN21 2.10E-09 657.14
IEV-TRANS Loss of Division C, DAS & non-1E 1.38E-06 | SCEN22 2.10E-09 657.14
electrical division
IEV-MLOCA | Loss of Division C, DAS & non-1E 2.05E-03 | SCEN23 5.48E-04 3.74
electrical division
IEV-MLOCA | Loss of Division C, DAS & non-1E 2.05E-03 | SCEN24 3.69E-05 55.49
electrical division
IEV-SPADS Loss of Division C power 1.25E-03 | SCEN25 5.48E-04 2.28
IEV-LMFW Loss of MFW and SFW 7.73E-08 | SCEN26 2.45E-09 31.53
IEV-LOSP Loss of SFW, CCW, SWS, CAS, DivD 1.08E-07 | SCEN27 8.37E-09 12.90
IEV-LOSP Loss of SFW, CCW, SWS, CAS 1.87E-08 | SCEN28 8.37E-09 223
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57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

Table 57C-2 (Sheet 3 of 5)

CCDPs USED IN FIRE EVENT TREES

Fire CCDP
Initiating Scenario Description Scenario Scenario AP1000 Ratio
Event (Additional Failures) (0]0) ) Number CCpP f/a
IEV-TRANS Loss of IRWST valves 117A, 118A, 120A, 2.10E-09 | SCEN29 2.10E-09 1.00
123A and 125A
IEV-TRANS Loss of RNS MOV-023 2.55E-09 | SCEN30 2.10E-09 1.21
IEV-LMFW Loss of 1 CMT, MFW & SFW 7.34E-08 | SCEN31 2.45E-09 29.94
IEV-LMFW Loss of A & C Div, 2 CMT, MFW, SFW, 4.81E-04 | SCEN32 2.45E-09 1.96E+05
DAS, 1 train of CCW, non-1E electrical
division & hydrogen igniters
IEV-TRANS Loss of A & C Div, 2 CMT, DAS, 1 trainof | 2.46E-06 | SCEN33 2.10E-09 1.17E+03
CCW, non-1E electrical division &
hydrogen igniters
IEV-SPADS Loss of A & C Div, 2 CMT, MFW, SFW, 1.00E-00 | SCEN34 5.48E-04 1.82E+03
DAS, 1 train of CCW, non-1E electrical
division & hydrogen igniters
IEV-SPADS Loss of MFW and SFW 5.48E-04 | N/A 5.48E-04 1.00
IEV-TRANS Loss of 1 stage 1, 2 & 3 of ADS 299E-09 | SCEN35 2.10E-09 1.42
IEV-MLOCA | Loss of 1 stage 1, 2 & 3 of ADS 4.03E-05 | SCEN36 3.69E-05 1.09
IEV-LMFW Loss of Div B & D, MFW and SFW 1.08E-06 | SCEN37 2.45E-09 440.50
IEV-TRANS Loss of Division A & DAS 1.38E-06 | SCEN38 2.10E-09 657.14
IEV-MLOCA | Loss of Div A, DAS, non-1E electrical 1.94E-03 | SCEN39 3.69E-05 52.51
division & hydrogen igniters
IEV-TRANS Loss of Division A & C, one CMT, one 1.02E-06 | SCEN40 2.10E-09 485.71
PRHR isolation valve and one path of CCW
IEV-TRANS Loss of two diesel generators 2.10E-09 | SCEN41 2.10E-09 1.00
IEV-SPADS Loss of Division A & C, one CMT, one 2.50E-03 SCEN42 5.48E-04 4.56
PRHR isolation valve and one path of CCW
IEV-TRANS ALL HEP set to 1 291E-08 | SCEN43 2.10E-09 13.86
IEV-TRANS ALL HEP set to 0.1 4.35E-09 | SCEN44 2.10E-09 2.07
IEV-MLOCA | Loss of A & C divisions (or B &D 1.0 SCEN45 3.69E-05 27100
divisions) and loss of DAS
57C-9 Revision 1




57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

Table 57C-2 (Sheet 4 of 5)

CCDPs USED IN FIRE EVENT TREES

TABLE 57A-2 AP1000 BASE CASE CCDPs FOR INITIATING EVENTS

Initiating Contr’;‘l’)ution # of Initiating Initiating Event Initiating Event
Event to Plant CDF | Cutsets Event CDF Frequency CCDP
1 IEV-SI-LB 39.5 1120 9.50E-08 2.12E-04 448E-04
2 IEV-LLOCA 18.7 286 4.50E-08 5.00E-06 8.99E-03
3 IEV-SPADS 12.3 1078 2.96E-08 5.40E-05 5.48E-04
4 IEV-SLOCA 7.52 1639 1.81E-08 5.00E-04 3.61E-05
5 IEV-MLOCA 6.7 1682 1.61E-08 4.36E-04 3.69E-05
6 IEV-RV-RP 4.16 1 1.00E-08 1.00E-08 1.00E-00
7 IEV-SGTR 277 2730 6.66E-09 3.88E-03 1.72E-06
8 IEV-CMTLB 1.53 989 3.68E-09 9.31E-05 3.95E-05
9 IEV-ATWS 1.51 145 3.62E-09 4.81E-01 7.53E-09
10 | IEV-TRANS 1.22 1254 2.94E-09 1.40E-00 2.10E-09
11 |} IEV-POWEX 0.69 692 1.66E-09 4.50E-03 3.69E-07
12 | IEV-RCSLK 0.69 1428 1.65E-09 6.20E-03 2.66E-07
13 | IEV-LCOND 0.51 838 1.24E-09 1.12E-01 1.11E-08
14 | IEV-LOSP 0.42 2224 1.00E-09 1.20E-01 8.37E-09
15 IEV-LMFW 0.34 1285 8.21E-10 3.35E-01 2.45E-09
16 | IEV-ATW-T 0.3 15 7.13E-10 1.17E-00 6.09E-10
17 | IEV-LCAS 0.28 416 6.72E-10 3.48E-02 1.93E-08
18 | IEV-SLB-V 0.25 305 6.06E-10 1.21E-03 5.01E-07
19 | IEV-PRSTR 0.18 320 4.29E-10 1.34E-04 3.20E-06
20 | IEV-LMFW1 0.18 740 4.26E-10 1.92E-01 2.22E-09
21 | IEV-LCCW 0.13 692 3.16E-10 1.44E-01 2.20E-09
22 | IEV-SLB-U 0.05 160 1.31E-10 3.72E-04 3.51E-07
23 | IEV-ATW-S 0.05 55 1.11E-10 1.48E-02 7.49E-09
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§7C. Fire Area Event Trees Defininsg Scenarios

AP1000 Probabilistic Risk Assessment

Table 57C-2 (Sheet 5 of 5)

CCDPs USED IN FIRE EVENT TREES

Initiating Contn"?:)ution # of Initiating Initiating Event Initiating Event
Event to Plant CDF | Cutsets Event CDF Frequency CCDP
24 | IEV-ISLOC 0.02 1 5.00E-11 5.00E-11 1.00E-00
25 | IEV-LRCS 0.01 131 3.33E-11 1.80E-02 1.85E-09
26 | IEV-SLB-D 0 18 9.15E-12 5.96E-04 1.54E-08
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§7C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

0000 AF 08 Yard Building (Including Transformer Yard)

Fire Occurs Fire Fire Is No spurious  Fire Scenario Conditional Scenario Initiating CCDP Failed Components Area
In 0000 AF 00 Suppression Contained ADS Scenario IE CDP CDF Event Scenario Propagated
Successful Actuation Number Frequency Type  number Into
1 2 3 4
Yes TB-1 0.00E+00 No Risk
0.00
IEV-0000AF00 Yes B8-2 200E-02 1.02E-07 2.04E-09 IEV-LOSP SCEN8  See Note 1 Mone
2.00E-02 1.00
No None B-3
1.00 No
Hot Short 18-4
Totat=  2.00E-02 2.04E-08
Mote:

1. Loss of offsite power event is assumed to occur, and is assumed to be not recoverable in a short time period (R05 in LOSP event)

Figure 57C-1

0000 AF 00 Yard Building (Including Transformer Yard)

57C-12 Revision 1




57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1200 AF 01 RCA of Auxiliary Building (All Zones)
Fire Occurs In Fire Fire Is Ho Spurious No Spurious Fire Scenario IE  Conditional Scensrio Initiating ccop Failed Components Ares
1200AF01 Suppression Contained ADS Stage 1,2 ADS Stage 4  Scenario Frequency cop CDF Event Scenrio Propagated
Succeseful or 3 Actustion Number Type number into
1 2 3 4
Yes TB-1 0.00E+00 0.00E+00 0.00E+00 None
0.00
IEV-12004F01 | Yes 8.2 1.80E-02 2.55E-09 459E-11 IEV-TRANS SCEN{5A  Loss of one RNStrain and loss of CVS  None
1.81E-02 100
No
1.00 Loss ot RNS, CVS, DAS (cables), and
ioss of B and D signals to the reactor
B-3 8.34E-05 1 .38E-06 115E-10 [EV-TRANS SCEM21 switchgear 1230 AF 02
None 0999136
1 Loss of RNS, CVS, DAS (cables), and
loss of B and D sianals to the reactor
switchgear, spurious opening of one
Propagates (1) 8-5 7 21E-08 1.02E-03 7 36E-11  IEV-SPADS SCEN1S  ADS stage 4 (DAS cables) 1230 AF 02
4 61E-03 0000864
Loss of RNS, CVS, DAS (cables), and
loss of B and D signals to the reactor
switchgear, spurious opening of ADS
Hot Short TB-6 0.00E+00 1.31E-03 0.00E+00 EY-MLOCA SCEN18 stage 1,2,3 (DAS cables) 1230 AF 02
0
Total = 235E-10
Note:

1 The probability of propagation takes into account the automstic fire suppression system in the zone 1220 AF 12251
Thus, the fire propagates with a probabilty of 0.01 it # starts in the zone 1220 AF 12251 and the fire suppression fails or if the fire starts anywhere aise:
Probability of propagation (Calc 1): 4 61E-03

2 The probability of actuation of stage 4 is: 4 times (because 4 valves) the spurious actuation due to hot shorts in manual cables
3 There is no possibilty of spurious actuation of stage 1 or 2 or 3

Calc 1:
Probabiity = (RCA of Aux. Building Zone 1220 AF 12251 With Sprinklers x Wet Pipe Sprinkler System Unavailabilty + (RCA of Auxiliary Building Al Zones - RCA of Aux.
Building Zone 1220 AF 12251 Whh Sprinklers)) x (Probability ot Fire Propagstion to an Adjacent AreafRCA of Auxiliary Building All Zones)

Probability = (9 95€-03 x 2.00€-02 + (1 81E-02 - 9.95E-03)) x (0.0141 B1E-02)
Probabilty = 4 61€-03

Figure 57C-2

1200 AF 01 RCA of Auxiliary Building (All Zones)
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1200 AF 02 New Fuel and Used Fuel Storage, Waste Disposal Container (All Zones)
Fire Occurs In Fire Fire is No Spurious No Spurious Fire  Scenario IE Conditional Scenario Initiating CCDP Failed Components Area
1200AF02 Suppression Contained ADS Stage 1,2 ADS Stage 4 Scenario Frequency cop CDF Event Scenario Propagated
Successful or 3 Actuation Number Type number Into
1 2 3 4
Yes T8-1 0.00E+00 0.00E+00  0.00E+00 no None
0.00
IEV-1200AF02 Yes 18-2 9.10E-04 0.00E+00 0.00E+00 no None
9.20E-04 0.98
No
1.00
Propagates (1) TB-3 9.20€-06 255E-09 2.34E-14 EV-TRANS SCEN15A Loss of RNS, CVS 1200 AF 01
1.00E-02
Total = 2.34E-14
MNote:

1. lgnition frequency is modified to take into account the fact there is a suppression system in one zone of the area that avoid propagation.
A risk appears only in case of propagation.

Ignition Frecuency Calulation: 9.20E-04

lgnition (Newv Fuel and Used Fuel Storage, Waste Disposal Container (All Zones) - New Fuel and Used Fuel Storage, VWaste Disposal Container, Rail Car Bay Zone + ( Newy Fuel
Frequency = and Used Fuel Storage, Waste Disposal Container, Rail Car Bay Zone x Unavailabilty of Wet Pipe Sprinkler System)

Ignition

Frequency = 0.0011 - 0.000184 + (.000184 x 02)

Ignition

Frequency = 9.20E-04

Figure 57C-3

1200 AF 02 New Fuel and Used Fuel Storage,
Waste Disposal Container (All Zones)
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57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

1200 AF 03

Fire Occurs In
1200AF03

[EV-1200AF03

1 63E-03

Notes:

Corridors 100'8117'6"
Fire Firels No Spurious
Suppression Contained ADS Stage 4
Successful (DAS)
2 3 4
Yes
0.00
Yes 0.999136
099
No 0.000864
1.00
None
Propagates 0.999136
1 00E-02
Hat Short
0000864

Fire
Scenario
Number

181

TB-2

8-3

B-4

8-5

Scenario IE  Conditional

Frequency

0.00E+00

161E-03

1.39E-06

163E-05

1.41€-08

1 Probabilty of spurious actuation of Stage 4 is muttiphed by 4 to represent all four Stage 4 valves.
The spurious actuation due to hot shorts in manual cables =
The spurious actuation due to hot shorts in manual cables =
2 The loss of Division B & D cables in this erea does ncot imply the loss of ADS, therefore, an assumption is made thet there is only a spurious actuation of Stage 4 by DAS cables

To be not too conserveative, the CCOP modeis the loss of B & D divisions with the DAS still being available.
3 For Fire Scenario TB-4, a loss of 4 divisions is conservatively assumed.

4(.06)(.06)(.06)
0.000864

cop

2.70E-06

2.70E-06

1 60E-03

2.70£-06

1.B0E-03

Total =

Scenerio
CDF

0.00€E+00

4.35E-09

223E-09

4.40E-11

2 25E-1

6 65E-03

Initisting ccop
Event Scenario
Type number

EY-TRANS SCEN11A

EV-TRANS SCEN11A

{EY-SPADS SCEN124

EV-TRANS SCEN11A

EV-SPADS SCEN12

Faited Components

Some Division B&D I&C cables (But
ADS actuation is available), loss of
DAS, loss ot B and D signals to the
reactor trip switchgear

Some Division B8D 1&C cables (But
ADS actuation is available), loss of
DAS, loss of B and D signalz ta the
reactar trip switchgear, opening of 1
ADS Stage 4 (due to DAS damage)

Some Division B&D 1&C cables (But
ADS actuation is available), loss of
DAS, loss of B and D signals to the
reactor trip switchgear, loss of
Division C of power and control

Some Division B3D 13C cables (But
ADS actustion is available}, loss ot
DAS, loss of B & D signals to the
reactor trip switchgear, opening of 1
ADS Stage 4 (due to DAS damage),
loss of Division C of power and
cortrol

Area
Propagated
into

None

None

None

1202 AF 03

1202 AF 03

1202 AF 03

Figure 57C-4

1200 AF 03 Corridors 100’ & 117’ 6
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57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

1201 AF 04

Fire Occurs

In 1201AF04 Suppression

IEV-1201AFD4

3 B0OE-04

MNote

Division B/D VBS Equipment

Fire

Number Frequency

TB-1

TB-2

T8-3

TB-4

TB-5

0 00E+D0

3 56E-04

0 00E+0

3 60E-06

0 00E+0

Fire Fire Is No spurious No Spuricus
Contained  ADS Stage ADS Staye 4 Scenario IE
Successful 1,20r3
Actuation
2 3 4
Yes
oo
None
Yes 1
099 Hot Short
No 0
100
MNone
Propagates 1
0,
Hot Shont
0

1B8-6

0 NOE+D0

Scenario Conditional Scenario Initiating CCDP Failed Area
cpp CDF Event Scenario  Components Propagated
Type number Into
7 47E-08 0 D00OE+00 Mone
7 47E-08 2 BBE-11 IEV-TRANS SCEN14A Loss of Div D None
Mone
Loss of Dmision D,
108E-06 389E-12 IEV-LMFW SCEN37 SFW, and MFW 1201 AF DS
Total= 3 05E-1

1 Fire Scenano TB-4 15 consewatively assumed to be a fire causing the loss of Divsions B & D, MFW and SFW

Figure 57C-7

1201 AF 04 Division B/D VBS Equipment
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1201 AF 05 MSIV Compartment A

Fire Occurs Fire Fire Is No Spurious  Fire  Scenarie Conditional Scenario Initiating CCDP Failed Components Area
In 1201AF05 Suppression Contained ADS Scenario IE cpp CDF Event Scenario Propagated
Successful Number Frequency Type  Number Into
1 2 3 4
Yes TB-1 00CE+00 773E08 O0OO00E+00
ooo
None TB-2  B53E-04 773E08 505E-11 IEV-LMFW SCEN1  Loss of SWS and SFW  None
IEV-1201AF05 Yes 1
6 B0E-04 099 Hot Short
No 0
100
Loss of Dmsion D, SWS,
SFW (ADS VO02BAD12B
None 1B-4 655E06 193E-07 126E-12 IEV-LMFW SCEN2  |noperable) 1201 AF 03
Propagates 09928
o001
Loss of Dmision D, SWS,
SFW, Spurious Opening of
ADS Stage 4 V004B or
Hot Short TB-5  475E-08 125E03 594E-11 IEV-SPADSSCEN3A VO04D 1201 AF 03
00072

Total = 1 11E-10
Note*

1 Forthese fire scenanos, the CCDP conservatively is assumed to contain the loss of CCW and CAS in addition to SWS, SFW .and ADS valves

Figure 57C-8

1201 AF 05 MSIV Compartment A

57C-19 Revision 1




S7C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1201 AF 06  MSIV Compartment B

Fire Occurs Fire Fire Is No Spurious  Fire  Scenario IE Conditional Scenario Initiating  CCDP Failed Components Area
In 1201AF06 Suppression Contained ADS Scenario Frequency CDP CDF Event  Scenario Propagated
Successful Number Type  number into
1 2 3 4
Yes TB-1 CUODE+IO  7.73E-08 Q.O0EHG
.00
None TE-2 3.28E-04 773E08  2A3E1T IBVALMPW SCEMT Loss of MEW, SR MHone
IEY-1201AFOR Yes 1
3 31E-D4 099 Hot Short
Mo 0
1.00

Loss of Omision B, SWWE and
SEW (ADS

ODTBAD T BADOAEAD1 3

MNone TE-4 3 29E-0R 1 93E-07  B33E-13 EV-LMPWY SCEN2A B Inoperable By 1E-Dimsiony 1202 AF 03
Propagates 0ra92s
0.1
Loss of Dvision B, 5SS,
SFYW, and spunows opering
of ADS Stage 4 004E or
Hot Short TB-S Z38E-08 125E-03  Z93E-11 IBV-SPADD SUENIB WODAD (LLOCA or SPADSY 1202 AF 03
00072
Total = 5.58E-11
MNote.
1. Aloss of COWS and CAS is included in Fire Scenanos TB-1, TB-2, TB-3 but not for Fire Scenario TB-4

2. For spunous actuation of ADS Stage 4 a value of 0.0072 15 derived from a loss of 2 failures of 2 cables (2(0.06)(0 06))

Figure 57C-9

1201 AF 06 MSIV Compartment B
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1202 AF 02  HNortheast Elevator Shaft

Fire Occurs Fire Firels No Spurious  Fire Scenario Conditional Scenario Initiating Fire Failed Components Area
In 1202AF02 Suppression Contained ADS Scenario IE cop CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3 4
Yes TB-1 QO00E+00 OQODE+00 0 O00E+0 Mo Risk
gaQa
IEV-1202AF02 Yes TB-2 116E-03 0 0 O0E+00 No Risk
117E03 099
No
100

Loss of Division A of Power
and Control (ADS
VO01AAD11A Inoperable By
_None TB-3 116E-05 270E-09 3 14E-14 IEV-TRANS SCEM14  1E-Dwision) 1202 AF 04
Propagates 09928
om

Loss of dwision A of power and

control, spurious opening of

ADS (VOO1ANDT1A) or

Hot Short TB-4 8 42E-03 B8O07E-04 6B0OE-11 IEV-MLOCA SCEN20C (VOO3AND13A) 1202 AF D4
00072

Total = 6 80E-11

Note
1 The probability of spunous actuation {0 0072) in Room A1 § 06x0 06 (VOD1ANDT1A)+ 0 06x0 06 (VI03AND13A)

Figure 57C-10

1202 AF 02 Northeast Elevator Shaft
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1302 AF 83 Division C ™™
n P Prels Dotostion ond Mo Bpirious ADS  Desetiveten of No Spurieus ADS Spurines e Seonarie il Condidenal Soenais Inieling [, ] Falind Compenente Area
1202AF08 Suseornhd Dasstivaiion Asem | ADS Roem 1 Asstionin  Achution ot Ore  Seenarié  Fraquanay cor COF  EveniVype Secnarie Prapageted
Balars Spuries Selore Spuribus Poam 2 Pags Spurieus  Musnber aumber L]
Aswatian Astontion Amtustion of Ore
Sage 1, 5003
] ] 14 ]
T 000EK0 270600  0.006.00 Hore
Low of Dis. € (ADS WRRAVO12A
nopersisie By 1E-Divisiory), ises of Divisn
TBE  4ITEOS L7060 11581 IEVTRANS BCENIS e iemster by medchgenr
Nerw
e tEOL  ITOEOE  ASIEMS KEV-TRANG SCENIS Ses TR
£] Lisms of Dh. € Spasieus Opaning of 1 ADS
Singng § ancier 2 erxiier 3 Velwe
(MLOGA), Soms of Divisesn O 10 seacior iy
TBS  ANED?  SOTEG4  AWE 10 MVALOCA SOTNIOS Mchgesr Ners
003 Hot Shont | L
_Jﬂnﬂ L% of D, C Spusioun Opaning of § ADS
Baagas & Ve VOOAG {LLOGA ot $PAD8)
™ UMEOT 12608 130500 EVEPADS SODES Nare
Loas ol Diision A 8 0.
(VOD1ANDO1 1AVIGEANDIZANOOSAND
24, YOOLA 4 V004G rneperabie B 16+
Divinine(), Ias of Divisios G 1n suncher ¥p
TES  ANEOS 170508 113R10 EWTAANE SCENY| Achom? iaaraz
Nere ™ 10608 20608 LTEAT EV-TRANS 0CENT  Set TS sasa
= e
Loss of Diielem A 423, Spusious Opaning of
One Snge 1 erxber & avbier § Vabo
MLOCAY, (VOO4A and VD040 Incperable
By 1€:DMaiva). foss o4 Dioion G 1o
con TES  LMEON 2108 21341 KVALOCA SCRnea M mdon 13 AF02
frat [
¥ 1598 of Divisian A § €, Sourious Cpaning
o ADS Sm0s 4 Vaive VOOAA LLOCA of
BPADS - VOOAG et
VOGAVOD1 2ANCOT AVO1 1 AVODIAND
3A hopersbis By 1€ Divisieny. loes of
Division C 19 1acier VP Snchoaar
TE?  SNEO0  1KES 1ME1 EVEPADS SCEMIT naerea
Propegees | ™4 1608 L7068 S4ef 12 EV-TRANS SCEN11 B TS 12N 02
oot ”
0.9082 Nore ™ LME08 70608  RIAE0 EV-TRANE OCENTY See T84 1242 AP 0
nons 0.9068
(=) TS IME10  RISE08 050613 EVMLOCA SCDWA SmTSs na Aoz
Hot Shont [
Tat@ TEY  2MSEN0  1L0EO8 4SS EVIPADS SCENip SesTRT e AFC
one s
ﬁa T4 ATIESS TGOS 1DAE11 EVMLOCA SCENE 8w T84 142 A7 02
ron I
—1REHN 1 ™ AMGON 100808 1OSB1) WVAPADE SOBNMR LaaTRY " Ar e
Note: [T3]
1 For Pie Bosravie T8, maral e (1] The AP1O00 Fie PRA
2¥er Fire Bowado Y8-3, 6o e s 8 oamd Towls  177E00
¥ For Fre Bawass T84, 8 and 8, Y agin
4 For Fire Scorarie T4-7 and &, wpwvisus aoiasion of any ADE Tagdt L3WA
§ LASEDR B & voive Wahures of o sabies saiouiniad oy 440 08)(D.D8). .?l-l-‘:ll!:l-_.-l.lrlvlllsvill!!;!.ibt!-icl!-!l!loh.
108802 10 3 vaive fakurws of T osbiss saimivsad ng 30.0010.08). Thara in ene Simge 1. e Suge 4 87 betwaon 0 We greuy of Magen.
Figure 57C-11

1202 AF 03 Division C Batteries/DC Equipment/I&C Room/
RCP Trip Switchgear Room/I&C Penetration Room
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1204 AF 01 RNS Putmp Room B

Fire Occurs Fire Fire Is No Spurious  Fire  Scenario [E Conditional Scenario Initiating CCDP  Failed Components Area
In 1204 AF 01 Suppression Contained ADS Scenario Frequency CbP CDF  Event Type Stenario Propagated
Successful Actuation  Number number Into
1 2 3 4
Yes TB-1 OO0E+0 255E-02 0O00E+0
060 Mone
Loss of One RNS
[EV-1204AF01 Yes TB-2 492E03  2Z55E-09 125E-11 IEV-TRANS SCEMISA Pump
4 97E-03 099
No
Loss of RNS and CVS
100 No TB-3 497E-05  255E-09 127E-13 IEV-TRANS SCEM15A Systems 1200 AF 01
om

Total = 1 27E-11

Mote
1 For Fire Scenano TB-2, the fire darage 15 conservatively assumed as a loss of RNS and CVS

Figure 57C-13

1204 AF 01 RNS Pump Room B
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(

57C. Fire Area Event Trees Defining Scenarios

(

AP1000 Probabilistic Risk Assessment

1204 AF03  South Shield Building Elevator Shaft
Fire Occurs Fire Fire Is No Spurious  Fire Scenario Conditional Scenario Initiating CCDP Failed Area
In 1204 AF 03 Suppression Contained ADS Scenario IE cbp CDF Event Scenaric Components Propagated
Successful Actuation  Number Frequency Type number Into
1 2 3 4
Yes TB-1 0 OOE+C0 0 0 00E+00
000 None
|EV-1204AF03 Yes TB8-2 1.16E-03 0OCE+30 0.00E+I0 No Risk
1.17E-03 093
No
Loss of RNS and
100 No 1B8-3 117605 255E-09 298E-14 [EV-TRANS SCEN15A CVS Systems 1200 AF 01
001
Total= 2 98E-14
Figure 57C-14
1204 AF 03 South Shield Building Elevator Shaft
57C-25 Revision 1




57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessmem

1205 AF 02  Southeast Elevator Shaft
Fire Occurs Fire Fire ls No Spurious Fire Scenario Conditional Scenario Initiating CCDP Failed Area
In 1205 AF 02 Suppression Contained ADS Scenario IE CDP CDF Event Scenario Components Propagated
Successful Actuation Number Frequency Type number Into
1 2 3 4
Vo3 TB-1 QO0E-+ID 1 0 DOE+HID
a0 e
|E"- 1 205AF02 ies TEB-2 1T RE-OZ QOOE+ID 0 00EHID Mo Frsk
117E-03 0,99
o
1100 L&
Mo TE-3 TAFEDE  ZE5E-09  Z293E 14 B TRAMSZ SUENIAA C 1200 AF 01
0.01
Total = 2 93E-14
Figure 57C-15
1205 AF 02 Southeast Elevator Shaft
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(

57C. Fire Area Event Trees Defining Scenarios

(

AP1000 Probabilistic Risk Assessment

1210 AF 01

Fire Occurs In
1210AF01

IEV-1210AF01

1 47E-03

Note

1 ftor Fire Scenario TB-3, aloss is conservatively assumed as a loss of Division € and CYS

Corridor/Spare battery Room/Spare Room /Spare Battery Charger Room

Fire Firels Detectionand Ho Spurious Spurious Fire
Suppression Contained Deactivation ADS Actuation of Scenario Frequency
Successful Before One Stage Humber
Spurious 4/Spurtous
Actuation Actuation of
One Stage 1,2
or 3 Valve
2 3

Yes 1841

000
Yes 1B8-2

099
TB-3
No o}
100 Mo 8-3
om 9 8%E-01
1B-4
1 Het Short 033
1 08E-02
1B-5
067

2 For Fre Scenario TB-5, the loss is assumed to be a loss of Division A and SPADS
3 The probabilty of spurious actustion (1 08E-02) in Room C is 0 06x0 06 (V0028//0128)+ 0 06x0 06 (V004A)+ 0 06x0 06 (V004C), therefore, a spit of 0 33 for Stage 2 and 0 67 for Stage 4

Scenario IE Condrtional

000

1 46€-03

0 00E+00

1 45E-05

5 24E-08

1 06E-07

cpp

0 00E+C0

0 00E+00

270E-09

270E-09

807E-04

1 25E-03

Total =

Scenatio
CDF

0 00E+00

0 00E+Q0

0 00E+00

3 93E-14

4 23E-11

1 33E-10

175€E-10

Initlating  CCDP Failed Components Area
Event Stenario Propagated
Type number Into

No Risk
No Rigk

Loss of Dy C(ADS
Y002A/M0124 Inoperable By
1E-Division), loss of Division C
IEV-TRANS SCEN1E of Reactor Trip Switchgesr 1202 AF 03

IEV-TRANS SCEN16
Loss of Div C Sptrious
Opening of 1 ADS Stages 1
and/or 2 andfor 3 Valve
(MLOCA), loss of Division €
[EV-MLOCA SCEN20B of Reactor Trip Swichgear 1202 AF 03

Loss of Div € Spurious
Opening ot 1 ADS Stages 4
Valve V004C (LLOCA or
IEV-SPADS SCEN3C SPADS) 1202 AF 03

Figure 57C-16

1210 AF 01 Corridor/Spare Battery Room/
Spare Room/Spare Battery Charger Room

57C-27

Revision 1




57C. Fire Area Event Trees Defining Scenarios ) AP1000 Probabilistic Risk Assessment

1220 AF 01 Division B RCP Trip Switchgear 'Spare RoorniCorridor 82° - 6"
Fire Occurs In Fire Firels No Spurious Fire Scenario IE Conditional Scenario Initiating ccor Failed Components Area
1220AF01 Suppression Contained ADS Stage 4  Scenario  Frequency cop CDF Event Scenario Propagated
Successful Number Type number Into
1 2 3 4
Ve TB-1 0 OOE+00 210E-09 0 00E+00 B -TRAM= = Hone
Q.00
of Deazion B Input to REP Top
tchgear and Divizions B and D
IE%'-12204F01 Tes T8-2 0 00E+00 2 10E-04 O00E+00 By -TRANZ 2 10E-09 or Trip Signals, and PMore
4 43E-03 0.99
[§1s]
1.00
Lozz of Divizion © Power and Contral,
on B & Clnput to RCP Trip
tchgear and Divizion B and O
More -3 2 70E-09 TASE-13  IEY-TRA 1202 AF O3
Fropagates 033
oot
Loz af Divizion C Preser and Control,
on B & Clrgat to RCP Trip
tohgear and Divizions B and O
: /D044 ar +00 .
Hot Short TH-4 4 TRE-O7 1.25E-03 SASE-10 IEY-SRADS SIE SPADT 1202 8F 03
Tatal = S.98E-10
PMate
The probahilty of spuriouz opening {1 O2E-021in one division: ether stage 4 V0042 (prob of 005,006 or stage 4 Y004C (prob. of O.06.0 067 or stage 2 V0028 and 0128 ok of 0 08«0 06 )

Figure 57C-17

1220 AF 01 Division B RCP Trip Switchgear/
Spare Room/Corridor 82’ 6"
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57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

1220 AFD2 Lower Annulus Valve Area

Fire Occurs Fire Fire Is Fire
in 1220 AF 02 Suppression Contained Scenario
Successful Number
1 2 3
Yes T8-1
000
IEV-1220AF02 Yes TB-2
1 71E-D4 100
Na
100 No
0no
Mote

1 Forthese fire scenanos, a loss due 1o fire damage of WLS hag a neglible impact

Scenario IE  Conditional

Scenario Initiating
CDF Event Type

QODEHI0 IEV-TRANS

3 59E-13 I[EV-TRANS

359E-13

Failed Components Area
Propagated
Into

Loss of CVS and WLS Systems

Loss of CVS3 and WLS Systems None

Figure 57C-18

1220 AF 02 Lower Annulus Valve Area

57C-29
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57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

1230 AF 01 Comdot Division A, B, C, D and Remels Shuldown Workstation
Fire Oocurs i Fire Supp Fire ls Contalned and  NoSp Spurl Hre % Sownario [€ i coP
1230 AF 01 Sucosestol Deactivation Actuation of One Number Frequency
Bedore S8purious Stage ¥Spurious
Actustion Actuation of One
Shape f,20r3
Vava
1 b 4 ]
Yos T8 000 0 00E+00 0.00E+00
0.00
{EV-1230AF01 Yoa TB-2 1 00E-04 0.00€+00 0.00E+00
171604 0.99
T8 108€-08 2.70E-090 4ME1S
o 097
1.00
| A 3 $.07E08 2.70600 137618
0.01 01
[
TB-4 1 83E-10 8.07E04 145613
Hot Short | 033
108E2

88 SLHE 10 1.25E-08 4.B4E-1Y

e
Tolel s L12E-13

Nols

TEVMLOCA

1EV-SPADS

1 COF  Initiating Event  CCOP Scenario
Type

$SCENYS

Falled Components
Into

Ne Significant Fisk

Spurious Actustion of 15tage 1 andior 3

and/or 3 Valve (MLOCA) 1202 AF 63

Loss of Div. G (ADS VOORAVOT2A
Inopersble By 1E-Division)

Diviskon € of Reackr Trip Swhchgear
Spurious Actuation of 1Stags £ Vaive

(SPADS) 1202AF 03

1 The probability of spurious actuation (3.08E-02) in Room C is 0 08x0 08 (VOG26/V012B)+ 0 08x0 08 (VO34A)+ 0 08x0 08 (VOO4C) and the proportion of failure is 0 33 for Stage 2 (1 valve) and 0 67 for Stage 4 (2 vahves)

2 For Fire Scenario TB-3, t is conservatively assumed that there is & foss of Division C and CVS,

Figure 57C-19

1230 AF 01 Corridor Division A, B, C, D
and Remote Shutdown Workstation

57C-30
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57C. Fire Area Event Trees Defining Scenarios

AP1000 Probabilistic Risk Assessment

1232 AF 01 flemote Shutdown Workstation

Fire Occurs in Fire Firels Detection snd  Ho Spunous Spurious Fire
1232 AF 01 Suppression Contaned Deactivation ADS Actuation of  Scenano
Successful Before One Stage Humber
Spurious 4Spurious
Actuation Actuation of
One Stage 1,2
or 3 Valve
1 2 3
Yes 841
000
IEV-12322F01 Yes TB-2
1 32E-04 093
T8-3
Wi 0
100 Ko -3
om 9 82E-1
18-4
1 Haot Short 033
1 0%E-02
-5
067
Note

Scensnio IE Condttional

frequency

000

1 31E-04

0 OfE+00

1 31E-06

470E-09

9 §5E.02

cop

270E-03

270E-09

& 07E-04

1 25E-03

Tetsl =

Scenario CDF

0 OCE+C0

0 00E+00

353EA8

3B0E12

119E-11

157E-11

Intiating
Event Type

EV-TRANS

IEV-TRANS

EV-MLOC2

EV-SPADS

cCoP
Scenario
Humber

Area
Propagated
Into

Falled Components

Ho Rik

ho Rizk

Loss of Division C (£DS
YOO2AN01 22 Inopershles By
1E-Divigion), Division € to the

SCEHG Feactor Trp Switchgesr

202AF 03

SCEME

Loss of Division C Spunous
Opening 01 1 ADS Stages 1
anidor 2 andigr 3 Valve
(MLOCA), Drvizion C to the

SCEM208 Resctor Tnp Switchgear

1202 AF 03

Loss of Division €, Spunous
Opening of 1 2DS Stages 4
Valve YO04C (LLOCA or

SCEM2S SPADS)

1202 £F 03

1 The probabilfy of spurious actustion (1 05E-02) in Room C 1s 0 05+ 06 (VON2BA012B)+ 0 08x0 05 (VD4C)+ 0 060 08 (VOO4A) and the proportion of failee 1s 0 33 for Stage 2 (1 valve) ard 0 £7 for Stage 4 (2 valves)

Figure 57C-21

1232 AF 01 Remote Shutdown Workstation

57C-32

Revision 1




57C. Fire Area Event Trees Defining Scenarios ATP1000 Probabilistic Risk Assessment

1240 AF 01 Non-Class 1E Electrical Compartment - 117°

Fire Occurs Fire Fire Is No Spurious  Fire  Scenario IE Conditional Scenario Initiating  CCDP Failed Components Area
In 1240AF01 Suppression Contained ADS Stage 4 Scenario Frequency cop CDF Event Scenario Propagated
Successful Number Type Number Into
1 2 3 4
Yes 81 QO00E+HID  210E02 OO00EHD IEV-TRANS MHone MNone
000
Loss of Dmsions A & C to the
1EV-1240AF01 Yes TB-2 000E+00 2 10E-03 OOCEHND IEV-TRANS None Reactor Tnp Swatchgear Mone
1 55E-03 093
Mo
100

Loss of Dmision A & C to the
Reactor Tnp Swatchgear,
None T8-3 1 53E-05 270E03  412E-14 IEV-TRANS 2 10E-09 Dwision A 1242 AF 02
Propagates 093
o

Loss of Divisions A & C to the
Reactor Trip Switchgear,

Dsion A, S Opening of
Hot Short TB4 223607 125603 279E-10 IEV-SPADS 5 ABE04 o ame cnier oo PETI S 1242 AF 02

1 44E-02

Total= 2 79E-10

Mote
1 The probability of spunous actuation (1 44E-02) m Room A 15 0 06x0 06 (VOD1AAD112)+ 0 06x0 06 (vO034/4/0134)+0 06x0 06 (vO04.4)+ 0 06y0 06 (VOD4C)

Figure 57C-22

1240 AF 01 Non-Class 1E Electrical Compartment - 117’

57C-33 Revision 1
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment
1243 AF 01 Reactor Trip Switchgear |
Fire Occurs Fire Fire Is No Spurious No Spurious  Fire  Scenario I[E Conditional Scenario Initiating  CCDP Failed Components Area
In 1243AF01 Suppression Contained ADS Room1 ADS Room 2 Scenario Frequency cop CDF  Event Type Scenario Propagated
Successful Number Number Into
1 2 3 4 5
Yes T8-1 CO0E+00  210E-09 O0OOE+00 IEV-TRANS None None
000
Yes Reactor Tnp Swatchgear|  None
IEV-1243AF01 TB-2 281E03  210E-09 591E-12 IEV-TRANS None
2 B4E-03 099
No
100 Loss of Reactor Trp 1230 AF 02

Switchgear |, Dmsien B &
D to the Reactor Tnp
None TB-3 2B4E-05  133E05 392E-11 IEV-TRANS SCEN21 Switchgear, DAS
None 0939136
Propagates 1 Loss of Reactor Tnp 1230 AF 02
Switchgear |, Diviston B &
D to the Reactor Trip
Switchgear, DAS, Spunous
Opening of 1 Stage 4 ADS
Hot Short 85 245E08  102E-03 250E-11 [EV-SPADS SCEN19 Valve (LLOCA or SPADS)
001 0 000864
Hot Short
0

Total= 7 01E-11
Note
1 The probability of spunious opening (8 64E-04) of ADS Stage 4 in Room 1230 AF 01 1s four times 0 06x0 06x0 06,

Figure 57C-24

1243 AF 01 Reactor Trip Switchgear I
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57C. Fire Area Event Trees Defining Scenarios o AP1000 Probabilistic Risk Assessment

1243 AF 02 Reactor Trip Switchgear I

Fire Occurs Fire Fire Is No Spurious No Spurious  Fire  Scenario IE Conditional Scenario Initiating ccop Failed Components Area
In 1243AH01  Suppression  Contained ADS Room1 ADS Room2 Scenario Frequency cpp CDF Event Type Scenario Propagated
Successful Number Number Into
1 2 3 4 5
Pes TE-1 [ O0E -+ MBS NONEHIN - TRANS Bane Hone
naa
2 of Reactar Tup
B 1 243AF M Ve TEZ 2EIEDD JA0E0% SS1EZ IEV-TRAMS Hane Zwet et | Flore
2 adE-ud [N Mone
i
oo

s of Reactor Trip

ot t Il Disizion B &
0 to the Reactor Trip
meatchgear, Diazion B 5 D
of 180 (= mobable lozs of

Chrarstorn B & 0 prescer and

TB-3 2 BIE-05 2T0EOR FERE-TD IEVCTRAMT SCERTTA contral mothe model), DAS 1200 AF 03
[one
1 Luss uf Reattor Trp
swatchgear |, Dson B &
[ tathe Reactor Trp
Swatchy e
Fropagates TE-S DAREDE TREDEDD 3O3E-11 IEVISPADS SCEMIZA  Wale (LLOCA o SRADS) 1200 &F 03
(IR}
Hot Short
0
Tutal — 1 22E-10D
Miotes
1 Pratabiity of sponous actuation of Stage 3 e mottiped by $torepre-ert all foor Stage 4 valees
The spurious actuation due to hot shorts in manual cablez = DR DE 06Y
The spurious actuation due to kot shorts in manual cablesz = 0 000s64

2 The dozz of Divizion B & D cables in thiz area does not imgby the 1D

{ AL, therefore, an azzumption i made that there iz only a spunous actuation of Ztage 4 by DAS cables

To ke ot too conzetative the DI0P models the oz of B & D disvinons itk the DAS 2till being avadakie

Figure 57C-25

1243 AF 02 Reactor Trip Switchgear I1

57C-36 Revision 1



(

57C. Fire Area Event Trees Defining Scenarios

(

AP1000 Probabilistic Risk Assessment

1250 AF 01
Fire Occurs
In 1250AF01

1

IEV-1250AF01

2 68E-03

Nonradioactive Ventilation System

ADS Room1 ADS Reom2 Scenarioc Frequency cop

Fire Fire Is No Spurious No Spurious
Suppression Contained
Successful
2 3 4 5
Yes
o000
None
1
Yes
099 Hot Short
No 0
100 None
None 1
Propagates 1 Hot Short
oo 0
Hot Short
0

Number

TB41 000E+00  OOOE+00

8.2 2 65E-03 0 00E+I0

Fire Scenario IE  Conditional Scenario [nitiating CCDP  Failed Components Area
CDF Event Type Scenario Propagated
Number Into
0 00E+00 No Risk None
0 00E+00 No Risk Mone
None
207E12 IEV-LMFW SCEN26 Loss of MFW and 1243AFM1

18-3 2 BBE-05 7 73E-08

Total =

207E-12

SFW Systems

Figure 57C-26

1250 AF 01 Nonradioactive Ventilation System

57C-37

Revision 1




57C. Fire Area Event Trees Defining Scenarios

2000 AF 01 Turbine Building Floor
Fire Occurs In Fire Firels Ho Spurious  Only 1 Train of Fire
2000 AF 01 Suppression Contained ADS Actuation NSS is Scenario
Successful Damaged Humber
1 2 3 4 5
TE-1
Le3 ns
a5
Bith WMZS Tr TB-2
0s
= TB-3
6 47E-02 093
Mo Maree TH-4
003 Fropagstes 1
o
Hot Shart TH-4
il
Motes

ates from any one ot these zon
te treated 2z (1 the

turbne thaor Thus 1t Suppees

3 Thiz Ewvert Tree credts the ntroduction of fire sup

ems, bath trains may he damaged by the tire,

Sely configured 3T encompassing the loss

atiors from this areq to ancther [ zee tevt ot the calonote)

Scenario IE  Conditional
Frequency

307E-D2

JOVE-02

SOADE-OE

3 24E-05

D E+QG

20 zones with NES pumps to reduce tire prog

Fes

cop

?.75E-DE

! O3E-G7

2.33E-07

23307

Total =

weil

were fire on the

Scenario
CDF

3.IEE-10

7.54E-12

0 D0E+D0

S10E-09

AP1000 Probabilistic Risk éssessment

Initiating
Event
Type

1B -LIPy

IE% LM
£y LOSP
(E/-LiF
I -LIP

ation from one M train to the

ccop Failed Components Area
Scenario Propagated
Humber Into
SCER tone
SRR Mlone
SCEMY A, e
SIZERSL, 1200 &F 04
SCERSL, 1201 &F 04

Figure 57C-27

2000 AF 01 Turbine Building Floor
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

2003 AF 01 Auxiliary Boiler Equipment Room

Fire Occurs Fire Fire ls Fire Scenario Conditional Scenario Initiating CCDP Failed Components Area
In 2003 AF 01 Suppression Contained Scenario IE CDP CDF Event Scenario Propagated
Successful Number Frequency Type  Number Into
1 2 3
Yes TB8-1 1.21E-03 0 0 00E-+J0 Mo Risk
098
|EV-2003AF01 Yes TB-2 000E+00 OOQOCE+00 O0O00E+0 No Risk
1.23E-03 000
No
Loss of off-site power
002 No TB-3 246E-05 102E-07 251E-12 IEV-LOSP SCEN8  not recoverable 2053 AF 01
100
Total=  251E-12

Note
1. In case of a failure of the automatic fire suppression system in the exposing area, credit 1s not given to the fire barner rating because of the high
combustible loading in this fire area

Figure 57C-28

2003 AF 01 Auxiliary Boiler Equipment Room
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57C. Fire Area Event Trees Defining Scenarios i AP1000 Probabilistic Risk Assessment

2009 AF 02 Elevator Machine Room

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 2009 AF 02 Suppression Contained Scenario IE CDP CDF Event Scenario Propagated
Successful Number Frequency Type  Number Into
1 2 3
Yes TE-1 0 O0E+I0 o O OoE+HID Mo Rizk
0.an
[E- 2009 AR Ves TE-2 PIBE-0S  DODE+HID  0.00E+I0 M Rigk
1 17E-03 09s
Mo
1.00 Cgtzide of the
Turbime Bldyg
to the East
Qe to the AL
Mo TE-3 PAI7E-05 POZEDY TI9E12 IEN-LOSP SCEMS  Loss of Of-Site Power Cables
.01
Total = 1 19E-12

Figure 57C-29

2009 AF 02 Elevator Machine Room
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

2033 AF02 Motor.Driven Fire Pump Room

Fire Occurs Fire Fire Is Fire Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 2033 AF 02 Suppression Contained Suppression Scenario IE cDp CDF Event Scenario Propagated
In 2033 AF 02 Successful Number Frequency Type Number Into
(In 2000 AF
a1)
1 2 3 4
0 00E-+30 TB-1 0 0BE+00 0 0 ODE-+I0 Mo Risk
Yes 81 1 DOE-03 0 0 00E-+I0 No Risk
|EV-2033AF02 099
1 0ME-03
Yes TB-2 9B0E-06 O0O00E+00 0 O0OE+00 No Risk
1 DOE+00 095
No
Loss of SFW, CCW,
oo No 1B-3 505E-07 773E-08 3090E-14 IEV-LMFW SCEN1  SWS, and CAS 2000 AF 01
005

Total= 3 90E-14

Figure 57C-30

2033 AF 02 Motor-Driven Fire Pump Room
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57C. Fire Area Event Trees Defining Scenarios ‘ 7 AP1000 Probabilistic Risk Assessment

2040 AF 01 Clean and Dirty Lube Oil Storage

Fire Occurs Fire Fire Fire Scenario Conditional Scenario Initiating  CCDP Failed Components Area
In 2040 AF 01 Suppression Suppression Scenario IE cbp CDF  Event Type Scenario Propagated
Successful  Successful Number Frequency Number Into
{In 2040 AF  (In 2000 AF
01) 01)
1 2 3
i TE-1 27TE N4 n (1 O E -+
(R
(E*-2040AF01 Ves TB-2 S 38E05 OO00DEHID O 00DEHID Mo Rizk
2E3E04 0as
Pl
0SS 0 SWE L and
0o Mo TE-3 QEEDY VVIEDE 29E14 IEWLLMEYWY SCERT TAR 2000 AF

005

J
o
m
pon

Total =
Mote

1 Inrcaze of a falure of the automatic fire suppression system n the expozing area, credit is not given to the fire harmer rating because of the very high combustible
[oading in this fire area

Figure 57C-31

2040 AF 01 Clean and Dirty Lube Qil Storage
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

2043 AF 01 Chemical Laboratory

Fire Occurs Fire Fire ls Fire Scenario Conditional Scenario Initiating CCDP Failed Area
In 2043 AF 01 Suppression Contained Scenario IE cDP CDF Event Scenario Components Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes TB8-1 317E-04 O0O00E+00 OO00DE+00 Mo Risk
0.98
IEV-2043AF01 Yes TB-2 6.40E-06 O0O0OE+J0 OO0OE+I0 Na Risk
3 23E-04 099
No
Loss of SFW, CCW,
002 No TB-3 6 46E-03 773E08 4 99E-15 IEV-LMFW SCEN1  SWS, and CAS 2053 AF 02
oot
Total = 4 99E-15

Figure 57C-32

2043 AF 01 Chemical Laboratory
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

2050 AF 01 Lube Oil Conditioner Room

Fire Occurs Fire Fire Fire Scenario Conditional Scenario Initiating CCbpP Failed Components Area
In 2050 AF 01 Suppression Suppression Scenario 1E coP CDF Event Type  Scenario Propagated
Successful  Successful Number Frequency Number Into
(in 2050 AF  (in 2000 AF
01) 01
1 2 3
e TE-1 2 E9E-04 OONE+DD O OoE-+HID
.95
[E-2050AF01 es TE-2 134E-05  DO0DE+DD O 00E+D0 Mo Risk
2 83E-04 0.95
o
0oa o TE-3 7 0RE-07 TTIEDE S ATE-14 IBEV-LMPW SCERN

0ns

Tatal = S 47E-14
Mote

1. In case of a failure of the autornatic fire suppression systern in the exposing atea, credit i1 not given to the fire barrer rating because of the very high

combustible laading in this fire area

Figure 57C-33

2050 AF 01 Lube QOil Conditioner Room
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57C. Fire Area Event Trees Defining Scenarios

(

AP1000 Probabilistic Risk Assessment

2052 AF01  Southwest 6.9KV Switchgear Room
Fire Occurs Fire Fire Is Fire Scenario Conditional  Scenario Initiating CCDP Failed Components Area
in 2052 AF 01 Suppression Contained Scenario IE CcbP CDF Event Type Scenario Propagated
Successful Number Frequency Number Into
1 2 3
Yes TB-1 DO0E+00 7 73E-08 000E+00  IEV-LMFW SCEN1
0ao
Loss of SFW, CCW,
|EV-2052AF01 Yes 78-2 246E-03 7 73E-08 190E-10  EV-LMFW SCEN1 SWS, and CAS None
2 48E03 099
No
_ Loss of SFW, CCW,
100 No T8-3 2 48E-05 7 73E-08 192E-12  [EV-LMFW SCEN1  SWS, and CAS 2053 AF 01
001
Total = 192E-10
Figure 57C-34
2052 AF 01 Southwest 6.9KV Switchgear Room
57C-45 Revision 1




57C. Fire Area Event Trees Defining Scenarios o AP1000 Probabilistic Risk Assessment

2053 AF 01 Electrical Equipment Room

Fire Occurs Fire Fire Is Fire Scenarie Conditional Scenario |Initiating  CCDP Failed Area
In 2053 AF 01 Suppression Contained Scenario IE CDP CDF Event  Scenario Components Propagated
Successful Number  Frequency Type Number Into
1 2 3
Yes TE-1 QODE+HID 7 73E-08  QO0E+ID IEW-LMFW SITERN
(N}

IE%-2053AF 01 fes TB-Z B &IE-03 FUAEDE S3E-10 IBEN-LMEYY STER Mone
£ 7FOE-03 ‘ TR
Mo
Loss of SFW, OO0 2053 AF (2
1.00 Hao TE-3 b70E-0S 7 73E03 S18E1Z IEY-LMPWY SCERT = ar 2052 AF
‘ 0.0
Total = = 18E-10

Figure 57C-35

2053 AF 01 Electrical Equipment Room
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

2053 AF02  Northwest 6.9KV Switchgear Room

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP Failed Components Area
In 2053 AF 02 Suppression Contained Scenario IE CbP CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes TB-1 0Q0E+0 773E-08 O0QO00OE+00 IEV-LMFW SCEM1
000
Loss of SFW, CCW/,
|EV-2053AF02 Yes T8-2 246E-03 773E08 190E-10 IEV-LMFW SCEN1  SWS, and CAS None
2 48E-03 099
No
Loss of SFW, CCW,
100 No T8-3 248E-05 773E08 192E-12 IEV-LMFW SCENt1 SWS, and CAS 2053 AF 01
oo
Total = 192E-10

Figure 57C-36

2053 AF 02 Northwest 6. 9KV Switchgear Room
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AP1000 Probabilistig Risk Assggﬁment

57C. Fire Area Event Trees Defining Scenarios - o

4003 AF 01 Demineralized Water Deoxygenating Room/Air Handling Equipment Rooms

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP Failed Components Area
in 4003 AF 01 Suppression Contained Scenario IE cbp CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
s TB-1 QODE+ID  DODEHID  0O0EHI0 Mo Risk
RN
[EY-AD0ZAFDH Yes TB-2 4 22E-03  0D00E+T  0.00E+I0 Mo Rizk
4 25E-03 0ag
[
Loss of 2 trains of
1100 Mo TB-3 4 2BE-05 28509 1 09E-13 IBV-TRAME SCERTEA RMS and CWE 1200 AF 01
.01
Tatal = 1 O9E-13

Mote:
1 Far Fire Zcenana TE-3 the fire darmage causes the loss of 2 trains of RMNS and CWE

Figure 57C-37

4003 AF 01 Demineralized Water Deoxygenating Room/
Air Handling Equipment Rooms
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57C. Fire Area Event Trees Defining Scenarios

(

AP1000 Probabilistic Risk Assessment

4031 AF 01
Fire Occurs

In 4031 AF 01 Suppression

IEV-4031AFO1

287€E-03

Note

Battery Room and Battery Charger Room 1

Fire

Fire Is Fire

Contained Scenario
Number Frequency

Successful
2 3
Yes TB-1
000
Yes TB-2
099
No
100 No 18-3
oo

IE

Scenario Conditional Scenario Initiating CCDP
cbp CDF EventType Scenario
Number

0 00E+00

2 B84E.03

287E05

138E-06 OOOE+I0 IEV-TRANS SCEN22

138E-06 3 92E-09 I|EV-TRANS SCEN22

Failed Components Area
Propagated
Into

None

Loss of 1 Group of

Mon-1E AC/DC Pawer,

DAS (Induced By the

Loss of One Non-1E

Division None

Loss of Non-1E

138E06 396E-11 IEV-TRANS SCEN22 AC/DC Power, DAS 4031 AF 02

Total = 3 96E-09

1 For all three fire scenanas, the CCDPs are conservatively based on the loss of the entire non-1E power, the loss of DAS and the loss of Dviston C (no impact)

Figure 57C-38

4031 AF 01 Battery Room and Battery Charger Room 1
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57C. Fire Area Event Trees Defining Scenarios

4031 AF 02  Battery Room and Battery Charger Room 2/Computer Room B/Shift Turnover Room
Fire Occurs Fire Fire ls Fire Scenario Conditional Scenario Initiating  CCDP
In 4031 AF 02 Suppression Contained Scenario IE CDP CDF Event  Scenario
Successful Number Frequency Type Number
1 2 3
es TE-1 OO0EHID 1 38E-DE 0 O0E+I0 IEW-TRANZ SCEMIZD
coo
IE-4031AF01 2 TE-2 IUEQS 13BE06 0 4 22E03 1BV TRANS SCEM2Z
3 14E-03 R
I
100 | TE-3 314E-05 130E-OE 4 33E11 IBEV-TRANEZ SUERSY
0.0t
Tatal = 4 23E-09
Fote

1 For all three fire scenancos, the CCDPs are consersatively based an the loss of the entire non-1E power, the loss

AP]O{)Q ?rqllgbilistic Risk Assessmen!

Failed Components

Loss of 1 Group of

Mon-1E ACSDC Pawer,

DAZ Induced By the
Lozs of One Man-1E
Crevezian

Lr=s of Mon-1E

ACSDC Power, DAS

Area
Propagated

More

Flane

Into

4031 AF

of OAS and the loss of Divizion O ino wmpact)

Figure 57C-39

4031 AF 02 Battery Room and Battery Charger Room 2/
Computer Room B/Shift Turnover Room
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57C. Fire Area Event Trees Defining Scenarios

(

AP1000 Probabilistic Risk Assessment

4031 AF 05

Fire Occurs in

4031 AF 05

IEV-4031 AFODS

142E.03

Note

Corridor/Spare battery Room/Spare Room /Spare Battery Charger Room

Fire Firels Detection and Ho Spurious Spurious
Suppression Contained ADS
Successful One ADS Stage Humber
4 Valve,
Spurious
Actuation of
One Stage 1,2
or 3 Valve,
2 3
Yes
000
Yes
099
No
100 No
oo 9 93E-1
Hot Short 1
7 20E-03
0

Fire

TB-1

T8-2

T8-3

8-3

T8-4

B85

Scenario IE Condrtional Scenarlo
Actuationof Scenario Frequency

000

1 41E-03

000E+00

1 41E-05

1 02E-07

0 00E+00

cop

2 70E-03

270E-09

8 07E-04

1 25E-03

Total =

CDF

0 00E+00

0 00E+00

381E14

8 25E-11

0 00E+00

8 2%E-11

Initiating  CCDP Failed Components Area
Event  Scenatio Propagated
Type Humber Into

No Risk

No Risk

Loss of Division A (ADS
V001 ANVD11ANOO3ANVDTI3A

IEV-TRANS SCEN14  inoperable By 1E-Division) 1202 AF 04

IEV-TRANS SCEN14
Loss of Division A, Spurious
Opening of 1 ADS Stages 1
and/or 2 andfor 3 Valve
IEV.MLOCA SCEN20C (MLOCA) 1202 AF 04

Loss of Division A, Spurious
Opening of 1 ADS Stages 4
Valve VOD4A (LLOCA or
[EV-SPADS SCEN3C SPADS) 1202 AF 04

1 The prohabifty of spurious actuation (7 20E-03) m Room A s 0 06x0 06 (V001 AA011A)+ 0 06x0 06 (VOO3AMND13A) and all is sttributable to Stages 1 and 3, therefore, the entire tatlure 15 credited towards those stages

Figure 57C-40

4031 AF 05 Corridor/Spare Battery Room/
Spare Room/Spare Battery Charger Room
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57C. Fire Area Event Trees Defining Scenarios

S ) AP1000 Probabilistic Risk Assessrﬂeng

4031 AF 06  Central Alarm Station/Security Room 1

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating  CCDP Failed Components Area
In 4031 AF 06 Suppression Contained Scenario IE cbp CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes TE-1 D.C0E+HI0 QO0EHI0 D ODE+HIO Mo Rizk
0 o0
|EY-4031 AFDR RiCE TB-2 191E-03  DO0DE+HI0  O.00EHID Mo Risk
1 93E-03 .95
M
o Lozs af | Graup of Mon-1E
SO Poswer, DAS
(Induced By the Lass of
Mo TB-3 1 93E-05 1 38E-06  2G6BE-11 IEY-TRANS SCENMZY Cire Mon-1E Diazion) 4051 AF 01

0o

Total = 2 ERE-11

Mote

1 Far Fire Scenan TB-3, the CCOF iz conservatively based on the loss of the entite non-TE power, the loss of DAZ and the lozs of Dkizian O (no impact)

Figure 57C-41

4031 AF 06 Central Alarm Station/Security Room 1
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

4032 AF 01  Decontamination Room, Non-Radiolegical and Radiological Controlled Area Entries...

Fire Occurs Fire Fire ls Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 4032 AF 01 Suppression Contained Scenario IE CDP CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes TB-1 000E+00 2.10E09 O0O00E+0] IEV-TRANS  None
000
Loss of 1 Group of Non-
IEV-4032AF01 Yes T8-2 844E.04 210E-09 178E-12 IEV-TRANS None 1E AC/DC Power
8 53E-04 093
No
100 Loss of Non-1E AC/DC
(Manual DAS Available)
No TB-3 B853E06 133E06 118E-11 IEV-TRANS SCEN22 4042 AF 01
oo
Total= 1 35E-11
Note

1 For all three fire scenanos, the CCDPs are conservatively based on the loss of the entire non-1E power, the loss of DAS and the loss of Division C (ho impact)
2 For Fire Scenanos TB-1 and TB-2, the loss of 1 non-1E group 1s not nsk significant as it 1s not the power supply itself (ie battenes)

Figure 57C-42

4032 AF 01 Decontamination Room, Non-Radiological and
Radiological Controlled Area Entries...
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57C. Fire Area Event Trees Defining Scenarios

o , o AP1000 Prol}@bilistic Risk Assessment
4032 AF 02 Containment Access Corridor Elevation 107° 2"

Fite Ocews  Fire Fite Is Fire Scenario Conditional Scenario Initiating  CCDP Failed Components Area
In 4032 AF 02 Suppression Contained Scenario IE cbP CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
es TE-1 4 29E-N4 0 0 ODE+HI0
.55
|E- 40532 AF02 Ves TB-2 o ETE-DR OODE+DD OO0E+H30 Mo Fisk
4 33E-04 093
I
o0z = of Group 2 of FMon-1E
; = Power (Manual
sl TB-3 g3.76E-08 0 1 33E-06 B3 BV TRANS SCEMZZ DAZ Available) 4032 AF (1
Q.01
Total = MME-13

Fote

1 Far Fire Zzenario TB-3, the ZCDF 12 conzervatively based on the loss of the entire non-1E poweer, the loss of DAS and the loss of Dwizsion O {no impact],

Figure 57C-43

4032 AF 02 Containment Access Corridor Elevation 107’ 2"
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

4033 AF 01  Hot Machine Shop

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 4033 AF 01 Suppression Contained Scenario IE CcDP CDF Event Scenario Propagated
Successful Number Frequency Type  Number Into
1 2 3
Yes B-1 0 DOE+00 0 0 00EHO
000
IEV-4033AF01 Yes B-2 165E-03 OO00E+0 O0O00E+00 No Risk
167E-03 099
Mo
Loss of one train of
100 No TB-3 167E05 138E06 230E-11 [EV-TRANS SCEN22 RMS and CV5S 1200 AF 01
oot

Tatal= 2 30E-11

Note:
1 For Fire Scenano TB-3, the CCDP 1s conservatively based on the foss of the entire non-1E power, the loss of DAS and the loss of Dmsion C (no impact)

Figure 57C-44

4033 AF 01 Hot Machine Shop
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§77LA Fire Area Event nggs Vli)gtjpiggisiggqgfirqs 7 - AP1000 Probabilistic Risk Assessment

4034 AF 01 General Offices

Fire Occurs Fire Fire Is Fire Scenarie Conditional Scenario Initiating  CCDP  Failed Components Area
In 4034 AF 01 Suppression Contained Scenario IE CDP CDF Event Type Scenario Propagyated
Successful Number Frequency Number Into
1 2 3
YV es TE-1 0 00E -+ QLOE+DD  DODEHID
£.od
IE*-4034AF 0 Yes TE-2 THEDZ DOODE+ID O O0EHID Mo Rizk
1.42E-03 099
ko
1.00 Loss of 1 Group of Man-
1B AZ/DC Power, DAL
iinduced By the Loss of
Ma TE-3 V42E05 1380 1THEE-11 EVS-TRANS SCENZZ? One Mon-1E Diedsion 4031 AF O
001

Total = 1 9RE-11
Mote

1 For Fire Scenano TB-3, the CODF 15 cansersatively based on the foss of the entire non-1E power, the loss of DAS and the lose of Division C {noirmpact)

Figure 57C-45

4034 AF 01 General Offices
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

4041 AF01  Conference Rooms/Computer Room A/Corridor

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 4041 AF 01 Suppression Contained Scenario IE CDP CDF  Event Type Scenario Propagated
Successful Number Frequency Number Into
1 2 3
Yes T8-1 000E+00 2 10E-09 0 I[EV-TRANS  None
000

Loss of 1 Group of Non-

1E AC/DC Power,
IEV-4041AFO1 Yes 1B-2 4 66E-04 210E-09 980E-13 IEV-TRANS None Automatic DAS
4 BBE-D4 100
No
1.00 No
000
Total = 9 80E-13
Note.

1 For Fire Scenaros TB-1 and TB-2, the loss of 1 non-1E group is not risk significant as it 1s not the power supply itself (e battenes)

Figure 57C-46

/

4041 AF 01 Conference Rooms/Computer Room A/Corridor
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5797.7[7‘*71'77[‘767/\[?63 Event Tregs Qgﬁpigg ngllqr:igg o AP]OQQ Prqubilistic Risk Assessxpgpt

4041 AF 02 Corridor/Restroom

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario |nitiating CCDP Failed Components Area
in 4041 AF 02 Suppression Contained Scenario IE cop CDF  Event Type Scenario Propagated
Successful Number Frequency Number Iinto
1 2 3

Lazs of 1 Groug of Mon-
1E AC/DL Poweer,
Ves TB-1 OOOE+ID  ZA0E-09  DODE+D IEV-TRAMES Mone Autornatic DAS
0 an

Loz of 1 Group of Man-
1E AZ/DT Power,

[E- 4041 AFCZ Yes TE-2 4 4RE-04 2M0E0Y A3VE1S IEV-TRAMT Mone Autormnatic DAL
4 50E-04 099
Mo
100 nss of Mon-1E AL/DIC
Fower (Induces Logs of
Flo TE-3 4 A0E-OR 138E-06 B 2E1Z IBEY-TRANE SCERZZ DAS) 4031 AF 02
001
Total = 71512
Mote:
1 FarFire Zcenario TE-3, the CEDF 1= conservatively based an the loss of the entire non-1E power the lozs of OAS and the loss of Divizion © (no impact)
2 ForFie Scenanos TB-1 and TE-2, the loss of 1 nan-1E group 1= not nsk significant as 0t is not the power supply tself (e batteries)

Figure 57C-47

4041 AF 02 Corridor/Restroom
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

4042 AF 01  Non-Class 1E Switchgear #1

Fire Occurs  Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 4042 AF 02 Suppression Contained Scenario IE CDP CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Loss of 1 Group of Non-
Yes TB8-1 000E+00 210E-03 O0O00EHI0 IEV-TRANS Mone 1E AC/DC Power
000
Loss of 1 Group of Non-
IEV-4042AF01 Yes 1B-2 826E-03 210E09 174E-11 IEV-TRANS Mone 1E AC/DC Power
8.34E-03 099
No
100 Loss of Non-1E AC/DC
Power (Induces Loss of
No T8-3 B 34E-05 13BE-06 115E-10 IEV-TRANS SCEN22 DAS) 4031 AF 02
001
Total = 1 32E-10
Note

1 For Fire Scenano TB-3, the CCDP 1s conseratively based on the loss of the entire non-1E power, the loss of DAS and the loss of Division C (ho impact)
2 For Fire Scenarios TB-1 and TB-2, the loss of 1 non-1E group 1s not nisk significant as it 15 not the power supply itself (ie battenes)

Figure 57C-48

4042 AF 01 Non-Class 1E Switchgear #1
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

4042 AF 02  Non-Class 1E Switchgear #2

Fire Occurs Fire Fire ls Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 4042 AF 02 Suppression Contained Scenario IE CDP CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes TE-1 QODEHID 2 10E-09  D00E+I0 IBW-TRARS Mone
0.00
Loss of 1 Group of Mon-
|E%-4042AF02 iz TB-2 JR3IEOE 2 10E0S 5 R4E12 IEY-TRARS Mone 1E AT Power
2 BEE-D3 099
R
sz of Mon-18 ACDC
1.00 Mo TE-2 2 ERE-DS I 3EE-06  FEFE-11 IEW-TRANS ZCENZY  Power 4042 AF 01
om
Tatal = 4 BN
Mote
1 Far Fire Scenano TB-3, the CCOP 15 consersatively based on the loss of the entire non-1E power, the loss of DAS and the loss of Drizion © (noimpact)

2 ForFire Scenanos TB-1 and TB-2, the lozs of 1 non-1E group iz not nisk significant as it is not the power sopply itself {ie batteries)

Figure 57C-49

4042 AF 02 Non-Class 1E Switchgear #2
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

4052 AF01  Staging and Storage Area/Containment Air Filtration Exhaust Rooms A & B

Fire Occurs  Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 4052 AF 01 Suppression Contained Scenario IE cDP CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes T7B-1 OO00EHI0 0O0OE+00  0.00E+00 No Risk
0oo
IEV-4052AF01 Yes TB-2 192E03 O0O00E+0 OOOE+00 Mo Risk
1 94E-03 0.99
No
Loss of Group 1 of Non-
100 No 1B-3 184E-05  210E-09 4 08E-14 IEV-TRANS MNone 1EAC/DC Power 4042 AF 01
001
Total = 4 08E-14

Note.
1 For Fire Scenano TB-3, the CCDP 15 consetvatively based on the loss of the entire non-1E power, the loss of DAS and the loss of Division C (no impact)

Figure 57C-50

4052 AF 01 Staging and Storage Area/
Containment Air Filtration Exhaust Rooms A & B
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

5031 AF 01 Radwaste Building

Fire Occurs Fire Fire Is

Fire Scenarie Conditional Scenario Initiating CCDP  Failed Components Area
In 5031 AF 01 Suppression Contained Scenario IE CDP CDF  Event Type Scenario Propagated
Successful Number Frequency Number Into
1 2 3
Yes TE-1 2 30E-02 O.O00E+HIO  0.00E-+I0
085
IE"-5031 AFO1 fes TB-2 1 20E-03  DQO0E+00 LO0EHID Mo Risk
2 4ZE-02 059
Ns]
Loss of Cne RN
0 0s Rl TB-2 1. 21E-05 JESE0F 30BE-14 IEV-TRAMS SCERIAA Train and Laoss of 035 1200 AF 07
0o
Total = J08E-14
Figure 57C-51
5031 AF 01 Radwaste Building
57C-62
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

6030 AF 01 Diesel Generator Room A

Fire Occurs Fire Fire Is Fire  Scenario Conditional Scenario Initiating  CCDP Failed Components Area
In 6030 AF 01 Suppression Contained Scenario IE CDP CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
No Risk (Loss of 1Diesel
Yes TB-1 247E-02 0O00E+00 OO00E+00 Generator)
083
No Risk (Loss of 1Diesel
IEV-B030AFO1 Yes TB-2 515803 0O00E+00 O0.00E+00 Generator)
299E-02 099
No
Loss of 2 Diesel
017 No TB-3 520E05 2.10E09 1.09E-13 IEV-TRANS SCEN41 Generators 6030 AF 02
0.01
Total=  10SE-13

Note:
1 Propagation is assumed only in case where the fire starts from the diesel generator and the automatic fire suppression system fails (2 6E-02x0 05)
or In case the fire starts anywhere else (3 9E-3) Then the equivalent probability of failure of automatic fire suppression system1s
Pfallure = (Diesel Generator Fire Ignition Frequency x Fire Suppression System Unavailability) + Surrounding Area Fire Ignition Frequency/Diesel
Generator Room A Fire Ignition Frequency

Pfailure = (0 026 x 0 05) + (3 9E-03)/2 99E-02
Pfailure = 1 74E-01

Figure 57C-52

6030 AF 01 Diesel Generator Room A
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57C. Fire Area Event Trees Defining Scenarios - AP1000 Probabilistic Risk Assessment

6030 AF 02 Diesel Generator Room B

Fire Occurs Fire Firels Fire Scenatio Cunditional Scenario Initiating  CCDP Failed Components Area
In 6030 AF 02 Suppression Contained Scenario IE CDP CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Mo Risk (Loss of 1T0Hezel
Ves TB-1 ZARE-DY DODEHD DO OOE+IND Isenerator)
e
Mo Rk (Lozs of 100ezel
|E"-B0 i es TB-2 SE4EQD OODEHID COOJE+HID Seneraton
3 IZI 3E-02 =L
[
Loss of 2 Chesal
014 o TE-Z ST0ED5  ZMOEDS 2013 IEWSTRARDS SCEM4T  Senerators BO30 AF 0
om

Total = 1 20E-13

Maote:
1. Propagation s as
orin caze the fire starts anywhere else (4 4E-3) waithin O Room B Then the wqm salent pro
Failure = (Diezel Generator Fre lgnition Fregquency » Fuire Suppression Sy
Generatar Foorm B Fire lgmition Frequency
Pfailure = ([0.026 » D.05) + (4. 4E-03)3 02E-02
Ffailure = 1.38E-01

E-02:0 |:|":—.‘:|

term 1z

zzurned only in case where the fire =tants from the diesel generator and the autornatic fire suppression system fals (26
ability of failure of autormatic fire suppression <
ability) + Surounding Area Fire lgrition Frequency/nessl

Figure 57C-53

6030 AF 02 Diesel Generator Room B
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

6030 AF 03  Fuel Oil Day Tank Room A

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 6030 AF 03 Suppression Contained Scenario IE CDP CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes TB-1 200E-04 0OO0E+00 O0.00E-400 Mo Risk {Loss of 1 DG)
095
|EV-B6030AF03 Yes T8-2 000E+00 O0OOOE+00 0.00E+00 No Risk {Loss of 1 DG)
2 10E-04 ooo
No
Loss of 2 Diesel 6030 AF D1 &
005 No TB8-3 105E-05 210E-09 221E-14 IEV-TRANS SCEMN41 Generators 6030 AF 02
100

Total=  221E-14

Note:

1 In case of a failure of the automatic fire suppression system in the exposing area, credit 1s not given to fire barer rating because of the very high
combustible loading in this fire area

Figure 57C-54

6030 AF 03 Fuel Oil Day Tank Room A
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57C. Fire Area Event Trees Defining Scenarios N - AP1000 Probabilistic Risk Assessment

6030 AF 04  Fuel Oil Day Tank Room B

Fire Occurs Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
In 6030 AF 04 Suppression Contained Scenario IE coP CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Ves TE-1 2 00E-D4 QAO0DE+I0  OO0EHID
0.95
IEY-BO30AFD Vi es TEZ  OODEHI0  OODE+DD 0 DOE+HI0 Mo Fisk (Loss of 1 D5
2 0E-04 0.on
Mo
Lozs of 2 Diesel G030 AF 01 &
005 Mo TB-3 1O5E-D5  210E-09  Z21E-14 IBEV-TRAMZ SCEM4T  Generators BOG0 AF 02
1.00
Tatal = 221E-14
iate
1 In case of a failure of the automatic fire suppression systern in the exposing area, credit is nat given to fire barier rating becaose of a very high

cormbustible loading m this fire area.

Figure 57C-55

6030 AF 04 Fuel Oil Day Take Room B
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1100 AF 11204 Reactor Coolant Drain Tank Room

Fire Occurs In Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP Failed Components  Area
1100 AF 11204  Suppression Contained Scenario 1E CbP CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
Yes TB-1
None
IEV-1100 AF 11204 Yes TB-2 350E-05 210E-08 7 3bE-14 IEV-TRANS None Loss of WLS
3 50E-05 100
No
100 No T8-3
0oo

Total= 7 36E-14

Note
1 The loss of the WLS 1s not nsk significant

Figure 57C-56

1100 AF 11204 Reactor Coolant Drain Tank Room
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57C. FireAregEvent Trees Defininﬁg Scenalji—(_);«s_ B B o AP1000 Prqubilistic Rlsk Assessment

1100 AF 11206 Accumulator Room A

Fire Occurs in Fire Fire ls Fire Scenario Conditional Scenario Initiating CCDP Failed Components Area
1100 AF 11206  Suppression Contained Scenario IE cop CDF Event  Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
ies
.00

Lozs of All Yalves
Supplied By Divsian
B & D inthe Zon

[E%-1100 AF 11206 Ves TB-1 181E-05 2M0B-09  FE0E-14 1BEY-TRAMNS SCEMZY

1 R1E-05 [ oo

o

Mlare

1.00 Mo
a0

Taotal = 1 E1E-05 3 E0E-14

Figure 57C-57

1100 AF 11206 Accumulator Room A
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1100 AF 11207 Accumulator Room B
Fire Occurs In Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP Failed Components Area
1100 AF 11207  Suppression Contained Scenario IE Ccbp CDF Event Scenario Propagated
Successful Number Frequericy Type Number Into
1 2 3
Yes
000
Lass of all the valves
supplied by A&C
divisions in the zone
{loss of IRWST valves
V1178, V1188,
V1208, V123B,
IEV-1100 AF 11207 Yes TB-1 181E05 210E-09 380E-14 IEV-TRANS SCEN29 \125B) Mone
181E-05 100
No
1.00 No
000

Total= 181E-05 3 G0E-14

Figure 57C-58

1100 AF 11207 Accumulator Room B
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S7C. Fire Area Event Trees Defining Scenarios - 7 - ~ AP1000 Probabilistic Risk Assessment

1100 AF 11208 RNS Valve Room

Fire Occurs In Fire Fire Is Fire Scenario Conditional Scenario Initiating CCDP  Failed Components Area
1100 AF 11208  Suppression Contained Scenario IE CcbpP CDF Event Scenario Propagated
Successful Number Frequency Type Number Into
1 2 3
=
oo
IEW-1100 AF 11208 Yes TE-1 1OTE-D5  ZA58E-09 4 62E-14 IEV-TRAME SCEMIN Lozs of RHS-MDADZD Rane
1.31E-05 100
o
1.00 Mo
0o
Total= 1 81E-05 4 R2E-14

Figure 57C-59

1100 AF 11208 RNS Valve Room
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57C. Fire Area Event Trees Defining Scenarios AP1000 Probabilistic Risk Assessment

1100 AF 11300A Maintenance Floor (SE Quadrant Access)

Fire Occurs In fwe Fire is Hot Ho Spuricus Fre Scenario Conditional Scenano  Inttiating ccop Failed Components Area
1100 AF 11300A Suppression Propagating Opening of  Scenario IE cop CDF Event Scenario Psopagated
Successful 1o 113008 ADS Stage 1,2 Humber Frequency Type Humber into
andfor 3 Valves
1 2 3
Lozs of Cne CMT, MW and
Yes TB-1 0 00E+00 7 39E.08 0 QOE+0D EV-LMPRW SCEN SFW Systems Mane
000
MNone
Loss of One CMT, MR and
IEV-1100AF11300A 1 00E+00 8.2 1 S4E-04 7 34E.08 112E-11  EV-LMFW SCEN3Y SFW Syctems
1 54E-04 Mone
No
100 Lose of Dvision & 8 C, Non- 1100 AF
1E Drvision, DAS, 2 CMTs, 113008
Orie PRHR Isolsthion Vatve,
One CCOW Path, MAW and
9 96E-M 8.3 7 67E-08 4 81E-04 363611 EV-LMPA SCEN32 SFW Systems
Propagates
5 00E-04 Loss of Division A & C, Mon- 1100 &F

1E Dmvision, DAS, 2 CMTe, 113008
One PRHR Izolztion Valve,
One COW Path, MPW sncd
SFW Systems, Spurious
Opening of One ADS Stage
TB-4 277E-10 1 00E+00 277E10 Mone Mone  1,20r 3Valve

3 €0E-03
Totel = 3 28E10

Notes
1 Propagation to Fire Zone 1100 AF 113008 is possible only if there s & fire suppression system fallure

Ptalure = Probabilty of Fire Propagation to an Adiscent 2rea x Fire Suppression System Unavailstlity

Ptalure = (001 x005)

Pfalure = 5 O0E-04
2 the fire suppression system fails and the fire propagstes to Fire Zone 1100 AF 113008, a loss of sfl companerts within 1100 AF 113008 will resutt and the condftional core damage
probability will be set to falure (1 00E+0D)

3 Spurious actustion of one ADS Stage 1, 2 or 3 valve 1s equivalent to & het short across two cables (0 06 x 0 0F) = 3 60E-03
Figure 57C-60

1100 AF 11300A Maintenance Floor (SE Quadrant Access)

57C-T1 Revision 1
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57C. Fire Area Event Trees Defining Scenarios

(

AP1000 Probabilistic Risk Assessment

1100 AF 11301

SG Compartment 1

Fire Occurs In Fire Fire Is Not No Spurious
1100 AF 11301 Suppression Propagating Opening of Scenario
Successful Stage 4
1 2 3
Yes
000
100
1EV-1100AF11301A 1 COE+00
1 70E-04
No 000
100
Propagates
0 0OE+I0

Fire

TB-1

TB-2

IE

Number Frequency

170E-04

0 00E+00

cDp

7 73E-08

5 4BE-04

Total =

Scenario Conditional Scenario Initiating

CDF Event
Type

CCDP
Scenario
Number

131E-11 IEV-LMFW SCEN26

0 O0E+00 IEV-SPADS

1 31E-11

None

Area
Propagated
Into

Failed Components

Loss of MFW and
SFW Systems 2
ADS Stage 4
(V004B&v004D)
Squib Valves
Unavailable

Loss of MFW and
SFW Systems 1
ADS Stage 4 (V004B
8 V004D) Squib
Valve Unavailable and
Spurious Opening of
the Other ADS Stage
4 Squib Valve

Figure 57C-62

1100 AF 11301 SG Compartment 1
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1100 AF 11302 SG Compartment 2

Fire Occurs In Fire Fire Is Not No Spurious  Fire Scenario Ceonditional Scenarie Initiating CCDP Failed Components Fire
1100 AF 11302 Suppression Prepagating Opening of Scenario IE cpP CDF Event Scenario Propagated
Successful Stage 4 Number Frequency Type number Into
1 2 3 4
Ves
oo

TB-1 AA1E08 TESELS T 35E-12 IEW-LMEVY SCERZE tﬁua‘-.failable

1.00
1B 1 1O0AF 11207 1 ONE+IND
A51E-05
lozz of MEWY SEWY
1 zquib wales of
A0S stage 4 CA048
or w04
unavallable, spurnys
apering of 1sguib
TE-2 DODE+HID 548604 QO00EHDOIEW-SFADZ  Mone  vake of ADS stage 4
Mo ‘ 000
1.00
Fropagates
e+
Total = 7 2AE-12

Figure 57C-63

1100 AF 11302 SG Compartment 2
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1100 AF 11303  Pressurizer Compartment

Fire Occurs In Fire Fire Is Not No Spurious  Fire Scenario Conditional Scenario Initiating CCDP Falled Components Fire
1100 AF 11303 Suppression Propagating Opening of Scenario IE CDP CDF Event Scenario Propagated
Successful Stages 1,2 Number Frequency Type number Into
and/or 3
Valves
1 2 3 4
Yes
000
Loss of Auto
TB-1 181E-05 210E-09 381E-14 IEV-TRANS None Actuation of CMTs
100
IEV-1100AF11303 1 O0E+00
1B1E-05
No 000
100
Propagates
0 DOE+0

Total= 3 B1E-14

Figure 57C-64

1100 AF 11303 Pressurizer Compartment
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1100 AF 11303A  ADS Lower Valve Area

Fire Occurs In Fire Fire Is Not No Spurious  Fire Scenario Conditional Scenario Initiating CCDP Failed Components Fire
1100 AF 11303A Suppression Propagating Opening of Scenario IE cop CDF  Event Type Scenario Propagated
Successful Stages 1,2 Number Frequency number Into
and‘or 3
1 2 3 4
e
0.on
Lozz of 1 AL
1,2 and 3 W alves
Cauze by Cable
TE-1 I7HE-DS 2E9E0Y S 3EE-14 IBEWSTRAMS ZCEN3IS Damage
09
1EY-1100AF 113034 1 J0E+J0
181E 05
Linawatlability of 1
AL Stage 1,2 and
3 Walve and Spunous
Upening of At Least
TB-2 LAsEOy  403ED0S5 7 E3EZ IEW-MLOCA SCEMIE Dine of Them
[n 1 05E-02
1.00
Fropagates

Q00E+HD

Total = 7 93E-12

Miote
1 Spunous actuation probability (1.03E-02) caused by fire induced hot shorts involves 3 valves and two cables ar 3 5 (006 » 0.06) = 1.03E-02

Figure 57C-65

1100 AF 11303A ADS Lower Valve Area
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1100 AF 113038  ADS Upper Valve Area

Fire Occurs In Fire Fire Is Not No Spurious Fire  Scenario Conditional Scenario Initiating CCDP Falled Components Fire
1100 AF 11303B Suppression Propagating Opening of Scenario IE CDP CDF  Event Type Scenario Propagated
Successful Stages 1,2 Number Frequency number Into
and/or 3
Valves
1 2 3 4
Yes
000
Unavailability of 1
ADS Stage 1,2 and
TB-1 179605 299E-09 535E-14 IEV-TRANS SCEN35 3 Valves
099
IEV-1100AF11303B 1 00E+00
1B1E-05
Unavailability of 1
ADS Stage 1,2 and
3 Valves and
Spurious Opening of
at Least One of
18-2 195E-07 403E-05 7B8E-12 IEV-MLOCA SCEN36 Them
No 108E-02
100
Propagates
0 00E+00
Total= 7 93E-12
Note

1 Spunous actuation probability (1 08E-02) caused by fire induced hot shorts involves 3 valves and two cables or 3 x (006 x 0 08) = 1 03E-02

Figure 57C-66

1100 AF 11303B ADS Upper Valve Area
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1100 AF 11500  Operating Deck

AP1000 Probabri!iﬂi’c Risk Assessment
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Figure 57C-67

1100 AF 11500 Operating Deck
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1200 AF 12341 Middle Annulus

Fire Occurs In Fire Fire 1s Not No Spurious  Fire Scenario Conditional Scenario Imtiating CCDP Failed Components Fire
1200 AF 12341 Suppression Propagating Opening of Scenario IE CDP CDF Event Scenario Propagated
Successful Stages 1,2 Number Frequency Type  numher Into
and/or 3
Valves
1 2 3 |
Yes
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Loss of Non-1E
Electrical Dmsion ta
the Containment and
IEV-1200 AF 12341 9 90E-D1 CT341-1  467E-04 138BE-06 672E-10 IEV-TRANS SCEN22 DAS
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CT-341-3 3 64E-08 194E-03 687E-11 IEV-MLOCASCEN39 Valves
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Note
1 The spunous actuation probability (7 20E-03) caused by fire induced hot shorts 1s 2 valves and 2 cables = 2 x (0 06 x 0 08)

Figure 57C-68

1200 AF 12341 Middle Annulus
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1200 AF12555 Main Control Room Emergency Habitability System Air Storage/Operating Deck Staging Area

Fire Occurs In Fire Fire Is Not No Spurious  Fire Scenario Conditional Scenario Initiating  CCDP  Failed Components Fire
1200 AF 12555 Suppression Propagating Opening of Scenario 1E cbpP CDF Event  Scenario Propagated
Successful Stages 1,2 Number Frequency Type number Into
andior 3
Valves
1 2 3 4
e CTRSA-T DOOE400  ADONEHD 00040 Flo Fishk
oo
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1.0 1.00
Fropagates
1.00E-02
CTRER-4 OOOEHID  QO0EHID 0O O0O0EHID Mo Risk
0 00E 00
Total = SE2E-14

Figure 57C-69

1200 AF 12555 Main Control Room Emergency Habitability System
Air Storage/Operating Deck Staging Area
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ATTACHMENT 57D

AP1000 POTENTIAL FOR FIRE-INDUCED SPURIOUS ACTUATION OF FUNCTIONS
THAT RESULT IN A BREACH OF HIGH/LOW PRESSURE BOUNDARY

The functions that could result in a breach of the high/low pressure boundary are ADS valve
actuation, RV head vent valve actuation, and ADS system level actuation.

Control Room
Soft Controls

Most control room controls use soft-controls which communicate over multiplexed data
channels. There are no fire-induced failures modes associated with soft controls that lead to
spurious actuation.

Dedicated Safety Panel Switches

For the few hard control devices in the control room, there are cases where actuation of the
manual controls results in a breach of the high/low pressure boundary. In these cases, 2 out of
2 logic is required; i.e., two switches must be actuated at the same time in order for the
actuation to take place. There are two safety panels located in the control room. One is
located adjacent to the reactor operator’s desk and one adjacent to the SRO desk. For
actuation that results in a breach of high/low pressure boundary, spurious actuation from the
dedicated switches is required at each of the two safety panels. The separation provided by
these locations (approximately 10 feet) is such that a fire initiating in one panel will not
spread to the other panel before the operator can take action to extinguish the fire and to
disable the panels at the transfer switches.

Each safety panel contains two switches for the following system-level actuations. Manual
system-level actuation is achieved by simultaneous operator actuation of one of the
corresponding switches at both panels.

ADS Stages 1-3 actuation

ADS Stage 4 actuation

IRWST injection

Containment recirculation/IRWST dump to containment
RNS isolation

Each safety panel actuation circuit is two-pole, energize-to-actuate, ungrounded dc. PMS
inputs only recognize an energize signal of proper polarity; therefore, spurious actuation of
one circuit requires two hot shorts of proper polarity. Onerous actuation requires four hot
shorts of proper polarity (two shorts for each safety panel).
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Each safety panel also contains a switch for opening and closing each head vent valve
(4 switches per panel). Each switch is a three-position, hold-in-position switch (open-neutral-
close). If both switches associated with a valve are in the neutral position, soft control of that
valve from the operator’s console is allowed. If both switches are in the open position, the
valve opens. Either switch in the close position closes the valve. If one switch is in neutral
position and one in the open position, the valve holds its previous position but soft control is
defeated. Onerous actuation requires eight hot shorts of proper polarity (two shorts for each
safety panel per valve times two valves). Soft control from the remote shutdown workstation
is enabled by the transfer switch action to defecat the safety panels.

The transfer switches on the route to the remote shutdown workstation disable all actuations
from the safety panels following a control room evacuation. These transfer switches send
signals to the four divisions of the protection and safety monitoring system in the four
division I&C rooms. The protection and safety monitoring system ignores any further signals
from the control room following receipt of the transfer signal.

DAS Panel

A normally-off master enable switch for the manual DAS panel is located on the reactor
operator’s desk. For manual DAS actuation, the operator must first turn on the actuation
power at the operator’s desk before using the DAS panel. The separation provided by these
locations (approximately 15 feet) is such that a fire initiating in one location will not spread
to the other location before the operator can extinguish the fire and disable the DAS panel.
The master enable switch provides two normally-open contacts to interrupt both poles of the
ungrounded dc actuation power to the DAS panel. The master enable switch is located on the
center panel of the reactor operator’s console between the two operator positions.

Each DAS manual actuation circuit is two-pole energize-to-actuate, ungrounded dc. After the
DAS is energized, at least two manual actuation circuits are required to cause any DAS
manual function.

e  Two switches are provided for ADS Stage 1. One switch opens the gate valves. The
other switch opens the globe valves. The two-out-of-two voting requirement for DAS is
met by the fluid system configuration of two series valves.

e Two switches are provided for ADS Stage 2. One switch opens the gate valves. The
other switch opens the giobe valves. The two-out-of-two voting requirement for DAS is
met by the fluid system configuration of two series valves.

*  Two switches are provided for ADS Stage 3. One switch opens the gate valves. The
other switch opens the globe valves. The two-out-of-two voting requirement for DAS is
met by the fluid system configuration of two series valves.

*  Two switches arc provided for ADS Stage 4. For ADS Stage 4 actuation, the “arm”
switch must be actuated, held for a few seconds, released, then the “actuate” switch
actuated.
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The master disable switch for the DAS panel, included with the transfer switches on the route
to the remote shutdown workstation, removes power from the DAS panel following a control
room evacuation. The master disable switch provides two normally-closed contacts to
interrupt both poles of the ungrounded dc actuation power to the DAS panel.

Power to indicators on the DAS panel is limited to 4-20 mA loop power. The DAS actuation
circuits require more power than is available from 4-20 mA loop power supplies so that a hot
short from a DAS indicator circuit to an actuation circuit will not cause a spurious actuation.

Remote Shutdown Workstation

The remote shutdown workstation uses soft-controls that communicate over multiplexed data
channels. There are no fire-induced failures modes associated with soft controls that lead to
spurious actuation.

Division 1&C Rooms

Sensor Cables used for Automatic Actuation

Fire-induced spurious actuation of the automatic actuation circuits due to fires in the division
1&C rooms requires a fires in at least two division 1&C rooms. If fires exist in two or more
1&C rooms, then multiple shorts in two rooms could produce a spurious actuation. For
example, hot shorts of proper impedance could produce false low-pressurizer pressure signals
in both divisions resulting in an automatic CMT actuation (2-out-of-4 divisions). Following
the CMT actuation, a spurious automatic ADS signal could be produced if hot shorts in both
divisions generate low CMT level signals. This spurious actuation scenario requires fires in
two 1&C divisions, then two hot shorts of proper impedance for false, but valid, signals in the
4-20 mA loops. The short in the 4-20 mA circuit must have an impedance that gives a
spurious signal that is in the valid range for that loop. The PMS system rejects the first out-
of-range signal and simply place that channel in bypass. The second division with a spurious
signal (either out of range or in range) results in a partial trip for that channel (1-out-of-4) but
no actuation (2-out-of-4 not satisfied). A hot short of proper impedance is a low-probability
event. Also, as the spurious signals are occurring, the DDS alarms, informing the operator
that the redundant channels are not in agreement. The operator should respond to this alarm.
Fire-induced spurious actuation that results in a breach of high/low pressure boundary is not
credible for this scenario.

Manual Actuation Cables

Most control room controls use soft-controls which communicate over multiplexed data
channels. There are no fire-induced failures modes associated with soft controls that lead to
spurious actuation.

For actuation that results in a breach of high/low pressure boundary, actuation from the
dedicated switches requires action at each of the two safety panels. Each safety panel
actuation circuit is two-pole, energize-to-actuate, ungrounded dc. PMS inputs only recognize
an energize signal of proper polarity; therefore, spurious actuation of one circuit requires two
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hot shorts of proper polarity. Onerous actuation requires four hot shorts of proper polarity
(two shorts for each circuit).

PMS Cabinets

A fire inside an 1&C cabinet can produce a false output signal with a hot short on an output
card. For spurious ADS, hot shorts would be required on output cards in two different PMS
output cabinets.

For spurious head vent operation, hot shorts would be required on output cards in
two different PMS divisions, one short in each of two divisions.

Cables from PMS Cabinets/DAS Panel to Motor Control Center (MOV Control)

MOV actuation circuits are two-pole, energize-to-actuate, ungrounded dc. Spurious actuation
of one circuit requires two hot shorts of proper polarity. Onerous actuation of Stage 1, 2, or 3
ADS requires four hot shorts of proper polarity (two shorts for each MOV).

Cables from PMS Cabinets/DAS Panel to Squib Valve Controller Cabinet

Squib valve arm/actuatc circuits use less than 50 V; therefore, squib valve cables are
classified as instrumentation. For spurious actuation of squib valves to occur due to hot shorts
in these cables, a sequence of hot shorts would be required - two hot shorts in the “arm”
circuit, followed by removal of one of these shorts, followed (within a few minutes) by two
hot shorts in the “fire” circuit. This is not considered credible.

Cables from PMS cabinets to Head Vent Valves

Head vent valve circuits are two-pole, energize-to-actuate, ungrounded dc. Spurious actuation
of one valve requires two hot shorts. Onerous actuation of head vents requires four hot shorts
(two shorts, one in each of two divisions, for two vent valves).

Squib Valve Controller Cabinets

A squib valve controller provides firing power for each squib valve. Each PMS division has a
squib valve controller cabinet. Each cabinet contains multiple squib valve controller circuits.
Power to each squib valve controller is normally removed and provided by PMS when
needed for arming (charging) the circuit. The circuitry of the controller is designed so that the
arming signal must be removed before the firing signal is provided. The PMS *“actuate” signal
is provided by an output cabinet different from the cabinet that provides the arming signal.
The squib valve controllers are located in the Class 1E penetration rooms, separated from the
PMS cabinets to allow sufficient time for fire detection and operator action to remove power
from the 1&C room before fire-induced spurious actuation occurs. Normally, there is no
power in the squib valve controller cabinet; therefore, hot shorts, and thus spurious actuation,
are not possible.
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Motor Control Center (MOV Control)

MOV:s are controlled from Motor Control Centers (MCCs) located near the penetrations for
that division. A single hot short across a relay in the MCC could cause a MOV to open. The
two MOV:s in an each of the ADS Stage 1, 2, or 3 lines are controlled from different cabinets
in the MCC. Thus, two hot shorts can cause spurious actuation of ADS Stage 1, 2, or 3, one
short in each of the two MCC cabinets controlling the MOVs in the same line.

Cables from Squib Valve Controller Cabinets to Squib Valves

Squib valve circuits use less than 50 V; therefore, squib valve cables are classified as
instrumentation. There is not sufficient power available from other instrumentation circuits
for hot shorts to cause spurious squib valve firing. This form of fire-induced spurious
actuation is not credible. Squib valve spurious actuation resulting from hot shorts to another
squib valve cable is acceptable because these shorts will not cause actuation until an intended
actuation of the other squib. The normal actuation order of squib valves is such that the ADS
Stage 4 valves actuate first.

Cables from MCC to dc MOVs

In the dc MOV cables, four hot shorts of proper polarity are required for spurious actuation of
MOVs. Two of these shorts must be to conductors external to the cable and two shorts could
be to internal conductors. Thus, for spurious Stage 1, 2, or 3 ADS actuation eight hot shorts
are required (four external to the cable and four internal to the cable). Fire-induced spurious
actuation is not considered credible.

NonlE Equipment/Penetration Room (12321)
The DAS squib valve controller cabinet is located in Room 12321.

Manual Actuation Cables

Squib valve arm/actuate circuits use less than 50 V; therefore, squib valve cables are
classified as instrumentation. For spurious actuation of squib valves to occur due to hot shorts
in these cables, a sequence of hot shorts would be required — two hot shorts in the “arm”
circuit, followed by removal of one of these shorts, followed (within a few minutes) by two
hot shorts in the “fire” circuit. This is not considered credible.

Squib Valve Controller Cabinets

A squib valve controller cabinet containing multiple squib valve controller circuits provides
firing power for each squib valve. Power to each squib valve controller is normally removed
and provided by the DAS switches in the control room when needed for arming (charging)
the circuit. The circuitry of the controller is designed so that the arming signal must be
removed before the firing signal is provided. Normally, there is no power in the squib valve
controller cabinet; therefore, hot shorts, and thus spurious actuation, are not possible.
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Cabiles from Squib Valve Controller Cabinets to Squib Valves

Squib valve circuits use less than 50 V; therefore, squib valve cables are classified as
instrumentation. There is not sufficient power available from other instrumentation circuits
for hot shorts causing to cause spurious squib valve firing. This form of fire-induced spurious
actuation is not credible. Squib valve spurious actuation resulting from hot shorts to another
squib valve cable is acceptable becausc these shorts will not cause actuation until an intended
actuation of the other squib. The normal actuation order of squib valves is such that the ADS
Stage 4 valves actuate first.

Containment
Sensor Cables

Fire-induced spurious actuation of the automatic actuation circuits requires a fire in at least
two divisions. Multiple shorts in two divisions can produce a spurious actuation. For
example, hot shorts of proper impedance could produce false low-pressurizer pressure signals
in two divisions resulting in an automatic CMT actuation (2-out-of-4 divisions). Following
the CMT actuation, a spurious automatic ADS signal could be produced if hot shorts in two
divisions generate low CMT level signals. This spurious actuation scenario requires fires
affecting two divisions, then two hot shorts of proper impedance for false, but valid, signals
in the 4-20 mA loops. The short in the 4-20 mA circuit must have an impedance that gives a
spurious signal that is in the valid range for that loop. The PMS system rejects the first out-
of-range signal and simply place that channel in bypass. The second division with a spurious
signal (either out of range or in range) results in a partial trip for that channel (1-out-of-4) but
no actuation (2-out-of-4 not satisfied). A hot short of proper impedance is a low-probability
event. Also, as the spurious signals are occurring, the DDS alarms, informing the operator
that the redundant channels are not in agreement. The operator should respond to this alarm.
Firc-induced spurious actuation that results in a breach of high/low pressure boundary is not
credible for this scenario.

Cables from Squib Valve Controller Cabinets to Squib Valves

Squib valve circuits use less than 50 V; therefore, squib valve cables are classified as
instrumentation. There is not sufficient power available from other instrumentation circuits
for hot shorts to cause spurious squib valve firing. This form of fire-induced spurious
actuation is not credible. Squib valve spurious actuation resulting from hot shorts to another
squib valve cable is acceptable because these shorts will not cause actuation until an intended
actuation of the other squib. The normal actuation order of squib valves is such that the ADS
Stage 4 valves actuate first.

Cables from MCC to dc MOVs

In the dc MOV cables, four hot shorts of proper polarity are required for spurious actuation of
MOVs. Two of these shorts must be to conductors external to the cable and two shorts could
be to internal conductors. Thus, for spurious Stage 1, 2, or 3 ADS actuation eight hot shorts
are required (four external to the cable and four internal to the cable). Fire-induced spurious
actuation is not considered credible.
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Head Vent Valve Cables

Head vent valve circuits are two-pole, energize-to-actuate, ungrounded dc. Spurious actuation
of one valve requires two hot shorts. Onerous actuation of head vents requires four hot shorts
(two shorts, one in each of two divisions, for two vent valves). The cables for the control of
one head vent valve in each flow path are enclosed in steel conduit up to the valve to prevent
a fire inside containment from spuriously actuating two head vent valves in one flow path.

MOVs
A fire physically located at or near an MOV will not cause the valve to stroke (actuate).

Squib Valves

A fire physically located at or near a squib valve has the potential to cause the propellant to
ignite, causing the valve to actuate.

Head Vent Valves

A fire physically located at or near a head vent valve will not cause the valve to stroke
(actuate).
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