
Scenario Selection Summary
GE-4. MARK I CONTAINMENT

The following scenarios for GE-4, Mark I plants will not be evaluated further as part of
the SOARCA project:

" ATWS
- No GE-4, Mark I containment plants has an overall ATWS CDF >106. Only one

GE-4, Mark I plant has an overall ATWS CDF >5x1 07 (Hope Creek) and this
value is high due to modeling conservatisms that are currently being corrected by
INL.

- Susquehanna 1 & 2 (Mark II) has an ATWS CDF equal to 10-6. This is due to a
required manual operator action to runback the feedwater pumps within 3.5
minutes. Further investigation is needed on this issue.

- ATWS CDFs have decreased industry wide, since NUREG-1 150 was published,
due to three factors:

1. initiating event frequencies have decreased (2x),

2. increased RPS reliability (2x), and
3. operator actions used in SPAR for SLC initiation are lower than those

found in the NUREG study (10x).

" All LOCAs (including ISLOCA)
- All GE-4 plants (Mark I and II) have cumulative LLOCA, MLOCA, SLOCA, and

ISLOCA CDFs <5xl 0-8.
- SPAR model test cases were run with the BWR LOCA initiating event values

determined by expert elicitation. Since the BVWR LOCA frequencies were similar
to the values cited by NUREG-5750 (and used in the SPAR models), therefore,
no significant impact was noted on the overall CDFs for all LOCA sizes.

Three basic scenarios have shown to be close to or exceed a CDF equal to 10-6 for all of
the GE-4, Mark I plants. These scenarios are generalized scenarios containing multiple
accident sequences and diverse dominant cutsets (i.e., causes of and time to equipment
unavailabilities may differ). A best estimate case for each of the three scenarios, along
with appropriate sensitivity cases, still needs to be developed.

Transients with Unavailabilities of High-Pressure Injections System and
Reactor Coolant System Depressurization

- Several types of transients are included in this scenario: general reactor trips,
losses of offsite power/station blackouts, losses of AC or DC busses, losses of
feedwater or the condenser heat sink.

- Generally, the unavailabilities of high-pressure injections systems (e.g.,
HPCI/RCIC) are due to pump failures or test/maintenance, loss of power (bus
failure and EDGs), or operator error.

- Reactor coolant system (RCS) depressurization unavailability is typically due to
operator error or loss of DC power (for the sequences stemming from a loss of a
DC bus or station blackout).
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- Specific Examples

1. Loss of a vital DC bus and failure of the opposite side high-pressure
injection train (HPCI or RCIC) and the failure of operators to
,depressurize RCS (i.e., initiate ADS).

2. Station blackout with failure (operator error, fail to run or start) of both
high-pressure injection systems (HPCI/RCIC) and failure to recover
emergency power to a vital bus within 30 minutes.

3. Loss of AC or DC bus with failure of opposite side AC and/or DC power
(due to EDG failures, bus/breaker failures, operator errors to align
power) leads to unavailability due to lack of power for the high-pressure
injection systems (HPCI/RCIC) and RCS depressurization.

Station Blackout with Failure to Recover Power to a Vital Bus Prior to Battery
Depletion
- Station blackouts are caused by a loss of offsite power combined with the failure

of the emergency diesel generators and/or additional emergency power
equipment (e.g., combustion turbine generators).

- Diesel generator unavailabilities are typically due to diesel generator failures to
run and start (including common cause) and test/maintenance, and service water
unavailabilities. Generally, later failures (e.g., failures to run or room cooling) are
more significant contributors.

- The battery depletion times for the GE-4, Mark I plants range from 2 hours to 8
hours. However, plants may be able to increase the battery life by shedding
loads (sometimes modeled in SPAR).

Transient with RHR Unavailabilities and Containment Venting/Late Injection
Failures Cause Failures of Suppression Pool Cooling, Shutdown Cooling, and
Late Injection
- Several types of transients are included in this scenario: losses of service

water/component cooling water, general reactor trips, losses of offsite power,
losses of AC or DC busses, losses of feedwater or the condenser heat sink.

- The scenario assumes successful high-pressure injection (e.g., HPCI/RCIC) and
RCS depressurization when the suppression pool operation limits are reached
(due to lack of cooling).

- RHR unavailabilities are typically dominated by operator error, but service water
and RHR hardware failures or unavailabilities due to losses of power (from a loss
of AC/DC bus or loss of offsite power) are also contributors.

- Specific Examples

1. Loss of service water system (non-recoverable) with successful initial
high-pressure injection (HPCI or RCIC) with later unavailability due to
lack of suppression pool cooling (due to loss of service water) and
unavailability of late injection due to either containment failure of failure
to initiate non-service water dependent late injection (e.g., CRD flow).

2. Loss of condenser heat sink with successful initial high-pressure injection
(HPCI or RCIC) with eventual unavailability due to lack of suppression
pool cooling (due to operators failing to start RHR) and unavailability of
late injection due to operators failing to vent containment and
subsequent containment rupture.
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3. Loss of vital AC bus with successful initial high-pressure injection (HPCI
or RCIC) with later unavailability due to lack of suppression pool cooling
(due to opposite train service water failures) and unavailability of late
injection due to operators failing to vent containment and subsequent
containment rupture.

* Internal Event Outliers
- Brunswick has a scenario with a CDF equal to 3x106 involving a reactor transient

with common-cause failure of any five or more SRVs to open (identified in
licensee PRA). Since this scenario is only a significant CDF contributor for
Brunswick, this scenario will not be evaluated as part of the SOARCA project.

- Cooper has a scenario with a CDF equal to 10.6 involving a reactor transient with
two or more stuck-open SRVs and operators failing to start/control LPCI. Since
this scenario is only a significant CDF contributor for Cooper and the selected
scenarios are believed to bound (i.e., the offsite consequence are expected to be
greater) this scenario, this scenario will not be evaluated as part of the SOARCA
project.

* External Events
- The preliminary review of external events (IPEEEs, EE SPAR models) for this

group of plants reveals that most scenarios that could be caused by external
events (e.g., fire, flood, seismic) are currently enveloped by the internal event
scenarios to be analyzed (an evaluation of the probability of a large seismic
event that may cause immediate core damage and provide a direct release path
to the environment needs to be completed). Thus, these events will not be
analyzed separately. However, the external event scenario factors (e.g.,
equipment failure time) may be used in the evaluation of the base case scenario
and possible sensitivity studies. In addition, please note that the overall core
damage frequency for scenarios is increased by the impact of external events,
but the limitations of the IPEEEs and EE SPAR models make calculations of a
combined (internal and external) scenario CDF impractical.

WESTINGHOUSE 4-LOOP, LARGE DRY CONTAINMENT

The following scenarios for Westinghouse 4-loop, large dry containment plants will not
be evaluated further as part of the SOARCA project:

* ATWS
- Two Westinghouse 4-loop, large dry containment plants have an overall ATWS

CDF >-5x10" (both Comanche Peak and Vogtle have CDFs approximately equal
to 10.6). However, these two CDF values are high due to modeling
conservatisms that are currently being corrected by INL. The revised CDF
values will be <5x1 0-7.

- ATWS CDFs have decreased industry wide, since NUREG-1 150 was published,
due to three factors:

1. initiating event frequencies have decreased (2x),
2. increased RPS reliability (2x), and



3. operator actions used in SPAR for SLC initiation (SLC is a BWR system;
you might mean emergency boration) are lower than those found in the
NUREG study (10x).

LOCAs (excluding ISLOCA)
- All Westinghouse 4-loop, large dry plants have cumulative LLOCA CDFs <6x1 0-8.
- All Westinghouse 4-loop, large dry plants have cumulative MLOCA CDFs

<2xl 0-7.

- Four sites (Braidwood, Byron, Callaway, and Salem) have an SLOCA scenario
with a CDF >10-6. The scenario involves a SLOCA with failure of HPR, RHR,
and/or LPR due to operator error. Operator errors found in this scenario include
(1) failure to stop RHR pumps (insufficient minimum flow), (2) failure to initiate
HPR or LPR, or (3) failure to establish cooling to the RHR or CCW heat
exchangers. Containment coolers are available for this scenario, and this would
tend to decrease the frequency of significant radiological release by several
orders of magnitude. A further evaluation is needed to determine the availability
(or possible recovery) or containment sprays. Due to the strong potential for
release mitigation and long times to a potential release (>2 days), there is a
strong possibility that this scenario will be screened out.

- SPAR model test cases were run with the PWR LOCA initiating event values
determined by expert elicitation. The PWR LLOCA and SLOCA frequencies
were similar to the values cited by NUREG-5750 (and used in the SPAR
models); therefore, no significant impact was noted on the overall CDFs for
SLOCA and LLOCA sizes. The MLOCA initiating event frequency stated in the
expert elicitation draft report is 20 times greater than the values cited in NUREG-
5750. Test cases revealed, for some plants within the group, an additional
accident sequence with a CDF >1 06. The sequence involved a MLOCA with
failure of RHR/LPR due to operator error. This sequence is similar to the SLOCA
scenario explained above. Therefore, the evaluation (when completed) of
SLOCA scenario will also apply to the MLOCA identified in the test cases.

Five basic scenarios have shown to be close to or exceed a CDF equal to 10-6 (or a CDF
>1 0-7 for scenarios involving containment bypass) for all of the Westinghouse 4-loop,
large dry containment plants. These scenarios are generalized scenarios containing
multiple accident sequences and diverse dominant cutsets (i.e., causes of and time to
equipment unavailabilities may differ). A best estimate case for each of the three
scenarios, along with appropriate sensitivity cases, still needs to be developed.

Transients with Unavailabilities of the Auxiliary Feedwater System and Ability
to Feed and Bleed

- Several types of transients are included in this scenario: general reactor trips,
losses of offsite power/station blackouts, and losses of AC or DC busses.

- Generally, the unavailabilities of the AFW systems are due to pump failures or
test/maintenance, loss of power (bus failure and EDGs), or operator error.

- Feed and bleed unavailability is typically due to operator error or loss of DC
power (for the sequences stemming from a loss of a DC bus).

- Specific Examples



1. Station blackout with failure of the turbine-driven AFW pump to start or
run (or the pump is out for test and maintenance) and the failure of
operators to recover power to a vital bus within 1 hour.

2. Loss of vital DC bus with unavailability of the AFW system (operator
error or test and maintenance) and unavailability of feed and bleed due
loss of DC bus. A loss of DC bus causes one PORV to be unavailable
and the PORV success criteria in the SPAR models for feed and bleed
generally requires both PORVs to be available.

Station Blackout with Failure to Recover Power to a Vital Bus Prior to Battery
Depletion or Prior to Core Uncovery During a RCP Seal LOCA

- Station blackouts are caused by a loss of offsite power combined with the failure
of the emergency diesel generators and/or additional emergency power
equipment (e.g., combustion turbine generators).

- Diesel generator unavailabilities are typically due to diesel generator failures to
run and start (including common cause) and test/maintenance, and service water
unavailabilities. Generally, later failures (e.g., failures to run or room cooling) are
more significant contributors.

- The battery depletion times for the Westinghouse 4-loop, large dry containment
plants range from 2 hours to 8 hours (need to verify). However, plants may be
able to increase the battery life by shedding loads (sometimes modeled in
SPAR).

- For this scenario, the SPAR models assume core damage if DC power is lost
(when the battery is depleted) and prevents continued control of the turbine-
driven AFW system valves. Possible recovery actions (not modeled in SPAR)
include the recovery of emergency power post core damage (but prior to release)
and continued manual operation of the turbine-driven AFW system without DC
power.

- The SPAR models for Westinghouse plants contain updated RCP seal LOCA
modeling for high-temperature seals. The two failure modes for RCP seals
modeled in the SPAR models are seal binding/popping and o-ring extrusion. 0-
ring extrusion can only occur under high RCS pressure conditions. Generally,
operators have a maximum of four hours after the station blackout has begun to
restore power to a vital bus prior to core uncovery.

Loss of Service Water or Component Cooling Water with the Failure of RCP
Seals (LOCA)

- This scenario involves a non-recoverable loss of service water or component
cooling water with failure of RCP seals due to loss of seal injection and cooling.

- The loss of service water or component cooling water will cause unavailabilities
of the high-pressure pumps, safety injection pumps, and RHR pumps and heat
exchangers. Thus no makeup will be available for the RCP seal LOCA. In
addition to the equipment that is unavailable due to a loss of component cooling
water, a loss of service water will also cause unavailabilities of pump room
cooling and containment air coolers.

- A few plants have an alternate, non-service water/component cooling water
dependent source of RCP injection or cooling (e.g., firewater, positive
displacement charging pump). For these plants, the operators fail to align this
alternate source of cooling or injection.



" Steam Generator Tube Rupture Initiating Event with Failures in Operator
Response

- This scenario involves a steam generator tube rupture initiating event with
failures in operator response. Individual scenarios are based the nature and
timing of the operator failures.

- For all but three plants in this group, the overall steam generator tube rupture
CDF is less than 10-6 (ranging from 4x10- to 3x106). The dominant scenarios
are listed below.

- Dominant Scenarios
1. Steam generator tube rupture with failure of operators to isolate the

ruptured steam generator and failure to cooldown RCS for RHR entry
conditions or to initiate RHR.

2. Steam generator tube rupture with failure of operators to depressurize
RCS (before and after steam generator atmospheric dump valve lifts).

3. Steam generator tube rupture with failure of operators to isolate ruptured
steam generator and failure to refill RWST.

* ISLOCA
- This scenario involves a non-recoverable ISLOCA from the RHR letdown pipe.

CDFs from this scenario range from 2x1 0- to 6xl 0-7.

- The ISLOCA CDF is only calculated for 3 of the 12 SPAR models in this plant
group. However, due to the future use the same ISLOCA event tree for all PWR
SPAR models and the similar valve orientation, the CDFs for all the plants in this
group are expected to be within the range of the three completed plants.

" Internal Event Outliers
- No outliers were identified in the internal events screening using the SPAR

models. All of the accident sequences with CDFs >10e were combined with
other sequences to for scenarios described above.

" External Events
- The preliminary review of external events (IPEEEs, EE SPAR models) for this

group of plants reveals that most scenarios that could be caused by external
events (e.g., fire, flood, seismic) are currently enveloped by the internal event
scenarios to be analyzed (an evaluation of the probability of a large seismic
event that may cause immediate core damage and provide a direct release path
to the environment needs to be completed). Thus, these events will not be
analyzed separately. However, the external event scenario factors (e.g.,
equipment failure time) may be used in the evaluation of the base case scenario
and possible sensitivity studies. In addition, please note that the overall core
damage frequency for scenarios is increased by the impact of external events,
but the limitations of the IPEEEs and EE SPAR models make calculations of a
combined (internal and external) scenario CDF impractical.

ACTION ITEMS
1. Review IPEs to determine ISLOCA accident sequence timing, and whether

radiological releases generally would be under water or not in the
auxiliary/emergency safeguards building (while you're at it).
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2. Review PWR IPEs to determine if the SPAR model ISLOCA CDFs are reasonably
accurate.

3. Contact INL to talk about ISLOCA from RHR letdown line for the following: (1) what's
the assumed break size, (2) is this the dominant location for all the Westinghouse 4-
loop, large dry plants, and (3) actual failure mechanism.

4. Review IPEs for more information on SGTR.
5. For the fast term core uncovery sequence, what is the contribution from SBO?
6. Review at least one EE SPAR model for the BWR Mark I plants.


