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Appendix E
E.1 INTRODUCTION

The generic approach for identifying alternative emergency core cooling system (ECCS)
configurations that meet established risk guidelines requires that the operating nuclear power
plants be placed in groups that have similar configurations. Although plant grouping by nuclear
steam supply vendor (NSSS) is possible, the plants within each vendor group are not standardized.
Furthermore, the various architect and engineering (A&E) firms that constructed the plants
generated different balance-of-plant and support system configurations. In many cases, the same
A&E firm generated different plant configurations for plants with the same NSSS design. The
identification of generic plant groups must take these variables into consideration.

An approach for establishing generic plant groups is documented in Section E.2. This approach
focuses on establishing the plant groups necessary to identify alternative ECCS configurations that
meet established risk guidelines. Plant groups for other purposes may require application of
different criteria.

The results of the plant grouping for the boiling water reactors class 3/4 plants (BWR 3/4s) are

presented in Section E.3. Additional groups are being formulated for the remaining classes of
BWRs and the pressurized water reactors (PWRS).
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Appendix E

E.2 GROUPING APPROACH
The process of placing plants into generic groups considers several factors in the following order:

the NSSS vendor,

the vintage of the plant,

differences in the frontline accident mitigating system configurations and success criteria,
the availability of alternative systems for accident mitigation, and

differences in the support system configurations and success criteria.

All of the operating nuclear power plants were first categorized by either the plant vintage or the
nuclear steam supply system vendor. Hence, all of the plants were first categorized as either
BWRs or PWRs. The BWRs were then further grouped according to the General Electric (GE)
"product lines" to account for differences in plant design, especially in the ECCS. Specifically,
these groupings include BWR 1, 2, or 3 designs with isolation condensers (ICs) as a group; BWR 3
and 4 designs with reactor core isolation cooling (RCIC) and high pressure coolant injection (HPCI)
systems as a group; and BWR 5 or 6 designs with high pressure core spray (HPCS) and RCIC
systems as the last group. The PWRs were put into three major groups by nuclear steam supply
system vendor (i.e., Westinghouse (W), Combustion Engineering (CE), or Babcock & Wilcox
(B&W)). The Westinghouse plants were further categorized on the basis of the number of primary
coolant loops in the design (i.e., 2-, 3-, or 4-loop plants), since the plants in each of these groups
have similar high-pressure ECCS configurations. The preliminary plant groups are summarized
in Table E.1. Table E.1 also contains some descriptive information about the systems in each pant
group, which was partially obtained from NUREG-1560 [Ref. E.1].

Table E.1 Summary of Nuclear Power Plants Sorted by NSSS Vendor and Vintage

| Class Plants |
» Big Rock Point « Dresden 2&3 + Millstone 1 * Nine Mile Point 1
BWR 1/2/3 » Qyster Creek

These plants generally have separate shutdown cooling and containment
spray systems and a multi-loop core spray system. An isolation condenser is
utilized for these plants with the exception of Big Rock Point.

» Browns Ferry 2&3 ¢ Brunswick 1&2 « Cooper ¢ Duane Arnold

* Fermi 2 « FitzPatrick e« Hatch1 < Hatch 2
BWR 3/4 » Hope Creek e Limerick 1&2  « Monticello
» Peach Bottom 2&3 « Pilgrim 1 * Quad Cities 1&2

» Susquehanna 1&2 « Vermont Yankee

These plant are designed with two independent high pressure injection
systems (RCIC and HPCI). The associated pumps are each powered by a
steam driven turbine. These plants also have a have multi-loop core spray
system and a multi-mode residual heat removal system that can be aligned for
low pressure coolant injection, shutdown cooling, suppression pool cooling
and containment spray function.
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Appendix E

Summary of Nuclear Power Plants Sorted by NSSS Vendor and Vintage

| Class

Plants |

BWR 5/6

» Clinton e Grand Gulf 1 » LaSalle 1&2 * Nine Mile Point 2
e Perry 1  River Bend « WNP 2

These plants utilize a HPCS system that replaced the HPCI system. The
HPCS system consists of a single motor-driven pump train powered by it's
own electrical division complete with a designated diesel generator. These
plants have a single train low pressure core spray system and also have a
multi-mode residual heat removal (RHR) system similar to the system design
in the BWR 3/4 group.

Babcock &
Wilcox

« ANO 1
e TMI'1

The B&W plants utilize once through steam generators. Primary system feed
and bleed cooling can be established through the pressurizer power relief
valves utilizing the high-pressure injection system (HPSI). The HPSI uses the
charging system pumps (3) that have a pump shutoff head greater than the
pressurizer safety relief valves setpoint. The low-pressure safety injection
(LPSI) is a mode of the RHR system. Emergency core cooling recirculation
requires manual alignment of the LPSI pumps to the containment sumps.
High-pressure recirculation is accomplished by the HPSI pumps taking suction
from the output of the LPSI pumps.

» Crystal River 3 » Davis Besse e Oconee1,2&3

Combustion
Engineering

« ANO 2  Calvert Cliffs 1&2
e St. Lucie 2 < Maine Yankee * Millstone 2 » Palisades
e Palo Verde 1,2&3 e San Onofre 2&3 o Waterford 3

The CE plants utilize U-tube steam generators. The capability to establish
feed and bleed cooling in this group is mixed. Several CE plants are not
designed with pressurizer power operated valves. Separate HPSI pumps are
available and are used for coolant recirculation from the containment sump
(piggy-backing with the LPSI pumps is not required). The LPSI is a mode of
the RHR system.

e Fort Calhoun 1 e St. Lucie 1

Westinghouse
2-loop

e Ginna « Kewaunee e Point Beach 1&2 e Prairie Island 1&2

These plants utilize U-tube steam generators and are designed with air
operated pressurizer relief valves. Decay heat can be removed from the
primary system using feed and bleed cooling. Separate HPSI pumps are
available and must be piggy-backed with the LPSI pumps in the recirculation
mode. The LPSI is a mode of the RHR system. Emergency core cooling
recirculation requires manual switchover to the containment sumps.

Westinghouse
3-loop

» Beaver Valley 1 « Beaver Valley 2  Farley 1&2 « North Anna 1&2
» Robinson 2 e Shearon Harris 1  « Summer e« Surry 1&2
e Turkey Point 3&4
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Table E.1 Summary of Nuclear Power Plants Sorted by NSSS Vendor and Vintage

| Class Plants |

Westinghouse | This group is similar in design to the Westinghouse 2 loop group. One
3-loop (cont.) | €xception is that most of these plants use the charging pumps for HPSI.
Another exception is that LPSI is a separate system (i.e., not a mode of RHR)
at some plants.

e Braidwood 1&2 « Byron 1&2 » Callaway » Catawba 1&2

« Comanche Peak 1&2 e DC Cook 1&2 « Diablo Canyon 1&2
» Haddam Neck e Indian Point 2 « Indian Point 3 « McGuire 1&2
Westinghouse | ¢ Millstone 3 e Salem 1 e Salem 2 » Seabrook
4-loop e Sequoyah 1&2 e« South Texas 1&2 * Vogtle 1&2
» Watts Bar 1 « Wolf Creek  Zion 1&2

The Westinghouse 4 loop group includes nine plants housed within ice
condenser containments. These plants have both HPSI and charging pumps
capable of mitigating small loss of coolant accidents (LOCAs). The LPSlis a
mode of the RHR system at most of the plants. Piggy-backing of the HPSI and
LPSI pumps is required for high-pressure recirculation. Many of these plants
have large refueling water storage tanks such that switchover to emergency
core cooling recirculation is either not needed or significantly delayed.

Tables E.2 and E.3 provide a summary of the available systems in the operating BWRs and PWRs,
respectively. As indicated in the tables, there can substantial differences in the types and number
of accident mitigating systems even for plants of the same class. Consideration of the differences
in the accident mitigating system configurations and success criteria can result in the need to
subdivide the vendor/vintage groups. This s particularly true when considering the support system
configurations. Thus, in order to limit the number of plant groups to a manageable level, limiting
configurations (with regard to the impact on core damage frequency [CDF] and large early release
frequency [LERF]) have been selected in some cases. Where possible, the selected configurations
are representative of the majority of the plants in the group.

Table E.2 BWR Plant Characteristics®
[ Function/system | BWR1 | BWR2 | BWR3 | BWR4 | BWR5 | BWRS6 Comments |
Number of 1/0 2/0 712 1976 4/1 4/0 20nly 17
units/multi-unit included in
sites NUREG-
1560
Reactor coolant system (RCS)/power conversion system (PCS)
Turbine bypass 100% 40% 15%to 25% or 25% 10% or
capacity 105% 105% 35%
Number of 2/0 5/0 2/120 2/16 or 20° 2/120 2/20 or 24° | ® Typically 20
recirculation jet pumps
loops/total number
of jet pumps
Number of 2 3 2or 3 2*or3 20or 3 2or 3 4 Typical
feedwater pumps number
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Table E.2 BWR Plant Characteristics*

[ Function/syssem | BWR1 | BWR2 | BWR3 | BWR4 [ BWR5 | BWRS6 Comments |
Type of feedwater Motor- Turbine- M Tor M® T and/or Tand/or | °2plants
pump driven driven (T) Mmé Mmé have M

(M) and/or M 61 plant has
I1M&2T
Reactivity control
Standby Liquid SLCSisatwo-train system at most plants, which is either manually initiated (most plants) or auto-
Control System actuated. Some plants use enriched boron (one pump for success); othersinject lower boron
(SLCYS) concentrations with two pumps.
RCS overpressure protection
Number of safety, | 6/47/0 16/50r67/0 | 0,2, 0r8 0,2,0r3/ 0/0/17 or 0/0/16to | 7 power
relief, & Oor4%1,3, | 04t016 18 20 actuated
safety/relief valves or6 relief valves
(PARVS)
8 Includes
PARV's
Coolant injection
Feedwater coolant 1 plant 1 plant
injection (FWCI)
HPCI or HPCS HPCI® HPCI HPCS HPCS ° Except for
1 plant
Reactor core Some*® All All All 102 plants
isolation cooling have isolation
(RCIC) condensers; 3
have RCIC
Low-pressure core | 2/2 2/14 2/2 2/2" or 2/4 11 11 1 Typical
spray (LPCS) number
(loops/total
number of pumps)
Low-pressure 2/42 2/41213 3/31 3/31 2 Mode of
coolant injection or residual heat
(LPCI) 4/42 removal
(loopg/total (RHR)
number of pumps) system
1 Typical

configuration

Alternate injection
systems

Plant-specific. Alternate injection systems typically include an enhanced
system (CRDHS), condensate, service-water, and firewater.

control rod drive hydraulic

Decay heat removal
Isolation 1 2or4 Oor1“ 14 2 plants
condensers have isolation
condensers; 3
have RCIC
Shutdown cooling 2/25 3/3B 3/315, 2/2%, 2/41517 2/2% 2/2% % Single-
(SDC) (loops/total or 2/4* or mode SDC
number of pumps) 2/2¢ system)
18 Multi-mode
RHR system
7 Typical
configuration
Containment spray 1218 2/4 or 4/4 2/4%° 2/4202 2/2%0 2/22022 8 Mode of
system or or core spray
July 2002 E-5 Risk-Informing 10 CFR 50.46/GDC 35, Rev. 1
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Table E.2 BWR Plant Characteristics*

[ Function/syssem | BWR1 | BWR2 | BWR3 | BWR4 [ BWR5 | BWRS6 Comments |
(CSS)/suppression 2/4%° 2/2%° ¥ Mode of
pool cooling LPCI
(SPC) (loopg/total 2 Multi-mode
number of pumps) RHR system

2 Typical
configuration
2 River Bend
does not use
containment
spray, but has
a containment
fan system for
heat removal
Support systems Support system configurations are plant-specific.
! Tableisfrom NUREG-1560
Table E.3 PWR Plant Characteristics*
Function/system B&W CE W 2-L oop W 3-L oop W 4-L oop Comments
Number of 7/1 15/4 6/2 13/5 32/13
units/multi-unit
sites
RCS/secondary coolant system
Number of 2/4 2/4? 2/2 3/3 4/4 2 One plant has
loopg/total 3 loops/pumps
number of pumps
Type of steam Once-through U-tube U-tube U-tube U-tube
generator
Reactivity control
Chemica & 1,2,0r3/C 3/PD (typical) 3/PD 2or3/Cor 2/IC& 1/PD,2 |®C-
volume control (3 typical) or 3/PD (3/C or 3/C, or 3/PD Centrifugal
system (CVCS) 3/C& 1/PD typical) (2/C & 1/PD PD - Positive
(number of typical) Displacement
pumps/type?’)
RCS overpressure protection
Number of 1 0*or2 2 2°0r3 1,2%0r3 4 System 80
power-operated plants
relief valves 5 Typica
number
Coolant injection
High-pressure 20r3° 20r3 20r3 20r3° 20r3 6 Most plants
safety injection (3 typical) (3 typical) (2 typical) (3 typical) plus centrifugal use CVCS
(HPSI) CVCs pumps
(number pumps® 7 One plant
pumps) uses CVCS
pumps
8 Two plants
don't use
CVCS pumps
July 2002 E-6 Risk-Informing 10 CFR 50.46/GDC 35, Rev. 1
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Table E.3 PWR Plant Characteristics®
[Function/syssem | B&wW | CE [ W2Loop | W3Loop | W4-Loop Comments |
Low-pressure 2 2 2° 2w 210 ® Mode of
safety injection RHR
(LPSI) (number 1° Mode of
of pumps) RHR in some
plants,
separate
systemin
others
High-pressure yes no 9-units yes no 3-units no 3-units
recirculation yes 1-unit yes 10-units yes 29-units
piggyback off
LPSI?
Number of 2 41 2 3 4 1 One plant has
accumulators 3
Decay heat removal
Number/type®? lor2M& |1or2M&UT | 1,2,0r4M& |1or2IM& UT | 1,20r3/M & |2 M - Motor-
auxiliary UT, 2/M, or (typical) uT @M & Ut UT (2IM & Driven
feedwater 2T (UM & or2/T typical) UT typical) T - Turbine-
pumps 1T typical) or2/T or2/T Driven
RHR (number 2 2 2 2 2
pumps)
Support systems | Support system configurations are plant-specific.

! Tableis from NUREG-1560.

At this time, only the BWR 3/4 group of plants has been analyzed in detail for this study. The
analysis of the BWR 3/4 group of plants serves as a pilot study to help determine the practicality
of identifying alternative ECCS configurations on a generic basis. Details on the differences in the
BWR 3/4 class of plants are provided in the next section.

July 2002
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E.3 BWR 3/4 PLANT GROUPS

Plants placed in the BWR 3/4 group have two turbine-driven high-pressure injection systems,
namely the RCIC system and the HPCI system. These plants also have a multi-loop low-pressure
core spray (CS) system and a multi-mode RHR system that can be aligned for low-pressure coolant
injection (LPCI), shutdown cooling, suppression pool cooling, and containment spray functions.

Twenty-two BWR 3/4 reactor units at sixteen sites were surveyed to determine representative
system configurations. The results of these surveys are summarized below.

Revision 3 (or 3i) models are available for 19 of the 22 BWR 3/4 units. The units and the revision
of their corresponding SPAR model (i.e., 3 or 3i) are listed in Table E.4. Currently, seven of these
models have completed the SPAR Model Development Program’s Quality Assurance (QA)

Program and are certified as Revision 3 (interim designation removed) models.

July 2002

Table E.4 BWR 3/4 Units and SPAR 3i Models

Plant BWR Containment SPAR

Vintage Maodel

Browns Ferry 2&3 4 Mark | 3,3
Brunswick 1&2 4 Mark | 3
Cooper 4 Mark | 3
Duane Arnold 4 Mark | 3
Fermi 2 4 Mark | 3i
FitzPatrick 4 Mark | 3i
Hatch 1&2 4 Mark | 3i
Hope Creek 4 Mark | 3
Limerick 1&2 4 Mark Il 3
Monticello 3 Mark | 3i
Peach Bottom 2&3 4 Mark | 3i

Pilgrim 1 3 Mark | none
Quad Cities 1&2 3 Mark | 3
Susquehanna 1&2 4 Mark Il 3i
Vermont Yankee 4 Mark | 3i

*Separate SPAR models have been developed for Browns Ferry Units 2 and 3.
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To create a composite SPAR model that represented the most limiting configuration for each
system, a survey was conducted across the plants within the BWR 3/4 group. The NRC system
notebooks and SPAR models were utilized initially for this purpose. If the information provided in
the SPAR models or system notebooks was found to be inconsistent with information provided in
the Individual Plant Examinations (IPEs), the IPE was considered to supersede the SPAR model
or system notebook information for the purpose of this survey.

E.3.1 BWR 3/4 Primary and Power Conversion Systems

The BWR reactor coolant system (RCS) comprises the reactor vessel, core, internal structures,
and external recirculation loops. The recirculation loops contain the pumps that force coolant flow
through the reactor vessel. In BWR 3s through BWR 6s the core is physically separated from the
recirculation loops with the only communication path through jet pumps. Core flow is provided by
the combined action of motor-driven pumps in the external recirculation loops and jet pumps which
enhance the amount of coolant provided to the core.

The jet pumps provide about two-thirds of the core flow rate. Because the core only communicates
with the recirculation loops through the jet pumps, the jet pumps also serve as standpipes that
ensure two-thirds coverage of the core following a recirculation line break with successful ECCS
operation. This feature allows for mitigation of large recirculation line breaks with emergency
coolant injection systems in addition to core spray systems.

The primary heat transfer loop in a BWR is comprised of the RCS and the power conversion
system (PCS), which includes the main steam, condensate, and feedwater systems. To produce
electricity, steam generated in the reactor core is delivered to the main turbine generator. The
main turbine generator exhausts to the main condenser, which transfers heat to the circulating
water cooling loop. The condensed steam is returned to the reactor vessel by the main
condensate and feedwater systems. The circulating water system rejects unused heat to the
ultimate heat sink.

Immediately following a reactor scram, core decay heat is generally transported to the main
condenser through a turbine bypass path and/or to the suppression pool via relief valves or dual-
function safety/relief valves (SRVs). Non-safety coolantinjection into the reactor vessel is provided
by the PCS via the condensate/feedwater systems; however, this depends on the type of transient
and the feedwater system design. As indicated in Table E.2, most BWR 3/4s have turbine-driven
feedwater pumps. Only 6 units have motor-driven feedwater pumps. Turbine-driven feedwater
pumps are powered by steam from the NSSS and thus trip when the NSSS supply is isolated upon
a main-steam isolation valve (MSIV) closure that initiates or follows a reactor scram. Coolant
injection must then be supplied by a high-pressure injection system (RCIC or HPCI for BWR 3/4s).
In contrast, for plants with motor-driven feedwater pumps, coolant injection can be provided for
transients resulting in MSIV closure, as long as makeup water is provided to the condenser hotwell
to compensate for the coolant lost to the containment through the SRVs. Quad Cities 1&2 also has
a separate motor-driven (high-pressure) safe shutdown injection system.

The turbine bypass capacity in BWRs ranges from 10% to 105%, with most plants having
capacities in the 25% to 40% range. Most BWR 3/4s have a turbine bypass capacity of 25%. The
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turbine bypass capacity can be important in anticipated transient without scram (ATWS) scenarios
with boron injection failure where only reduction of the vessel coolant level is available to control
power. The higher the capacity, the more likely level control can result in reaching a stable power
level without resulting in MSIV closure (as a result of low-low vessel level signal) and a subsequent
loss of turbine-driven feedwater.

Variability in the PCS can affect the baseline core damage frequency (CDF) and large early release
frequency (LERF). However, large differences are not reflected in the results from current PRAs
since the balance-of-plantis not modeled in great detail. The variation in the condensate/feedwater
configurations can influence the determination of the minimum ECCS requirements since these
systems provide coolant injection. In particular, the number of condensate pumps and the
availability of motor-driven feedwater pumps could have some influence on the ECCS
requirements. For the BWR 3/4 plant group, no credit has been given for motor-driven feedwater
pumps for MSIV closure type transients. This assumed configuration bounds the results for all of
the plants in the group. With regard to the number of condensate pumps, a sensitivity calculation
was performed to determine the influence of crediting this system as a coolant injection source.

E.3.2 BWR 3/4 Reactivity Control Functions

BWR reactivity control is performed by three independent systems, which are used under different
circumstances. These systems are the (1) recirculation pump trip (RPT) system, (2) control rod
drive (CRD) system, and (3) standby liquid control (SLC) system.

Recirculation flow rate directly affects the density of water in the reactor core, which in turn impacts
the reactor power level in a BWR. During normal power operation, recirculation flow is controlled
by the reactor recirculation flow control system. Inan ATWS event, tripping the recirculation pumps
decreases the power level to approximately 40% by increasing the voiding in the reactor core.
Most BWRs have incorporated special recirculation pump trip (RPT) logic that functions during
ATWS situations. For most BWR 3/4s, an RPT will not reduce the core power level to within the
turbine bypass capacity. Further power reduction to within the turbine bypass capacity of most
BWR 3/4s can be achieved by decreasing the water level (or by controlling the injection rate), which
increases voiding in coolant in the core region.

The CRD system provides reactivity control for both long- and short-term reactivity changes and
is used for rapid shutdown (e.qg., reactor trip or scram). In all BWRs, the positions of bottom entry
control rods are individually controlled by hydraulic control units (HCUs) located outside the drywell.
Directional control valves permit high-pressure water to enter on one side of the hydraulic piston,
while simultaneously opening an exhaust path on the other side of the piston. Scram is
accomplished by opening the scram inlet and outlet valves and deenergizing both scram pilot
valves in each HCU to allow rapid insertion of all control rods. Alternatively, scram can be
implemented by energizing either of the two backup scram pilot valves in the air supply path to the
HCUs. Signals are provided to the scram valves by sensors and logic designed to respond to a
wide variety of upset conditions. The scram valves and protective sensors and logic makeup what
is referred to as the reactor protection system (RPS). There is no substantial variation in the CRD
systems in the BWR 3/4 group.

July 2002 E-10 Risk-Informing 10 CFR 50.46/GDC 35, Rev. 1



Appendix E

In all BWRs, an additional set of pilot valves exists in the scram valve air supply to provide backup
scram capability. These valves are actuated in response to an ATWS by the alternate rod insertion
(ARI) system. The actuation logic for the ARI system is independent of the RPS, but is tied to the
ATWS-related recirculation pump trip logic. Failure of the ARI system in addition to the RPS
system is required for an ATWS. Variation in the ARI systems are not important to the ATWS-
related CDF or LERF and would not be expected to affect the ECCS configuration evaluations.

The SLC system is typically comprised of two trains of high-pressure, low-capacity pumps used to
inject a concentrated boron solution into the reactor vessel (the Limerick 1&2 plants each have
three SLC pumps). This provides redundant and independent means to reach and maintain
subcriticality in the event that an insufficient number of control rods are inserted into the core to
accomplish shutdown in the normal manner. Most BWRs have manually initiated SLC. However,
Hope Creek and Limerick 1&2 have auto-actuated SLC systems. Some plants use enriched boron
(one pump for success); others inject lower boron concentrations with two pumps.

Probabilistic risk assessments (PRASs) generally do not model the RPS but instead treat the system
as a whole with its overall reliability determined from an engineering analysis. The degree of
dependence between the ARI system, the RPT logic, and the remainder of the RPS can affect the
overall combined reliability of both ARl and RPT. The arrangement and level of redundancy in the
RPT logic and the associated pump trip breakers can vary among plants and hence affect the
failure probability of RPT. However, as indicated above, these variations would not be expected
to affect the ECCS configuration evaluations.

The RPT function consists mainly of RPT actuation instrumentation that signal the recirculation
pump field breakers. An RPT is initiated through either a high reactor level or high reactor pressure
signal. The BWR 3/4 reactors contain two external recirculation loops. The field breakers on both
recirculation loops are required to open for successful RPT. No substantial differences in the RPT
logic and configuration exist in the BWR 3/4 plants.

In summary, due to the low importance of ATWS scenarios in BWR 3/4s (<4E-6/yr in the IPES),
variations in the reactivity control system configurations are not expected to significantly affect the
baseline core damage frequency or large early release frequency. Similarly, the differences are
also not expected to affect the evaluation of the minimal ECCS configurations.

E.3.3 BWR 3/4 Coolant Injection

As discussed earlier, coolant injection into the vessel is provided by the condensate/feedwater
systems during power operation, but continued operation of feedwater following reactor scram
depends upon the type of transient and the feedwater system design. No credit is being given in
MSIV closure transients for the motor-driven feedwater pumps that are present in some of the
BWR 3/4s. If these systems fail, the ECCS or alternative systems can be used to provide coolant
injection.

This section discusses the coolant injection systems available in the BWR 3/4 plants. Although

the ECCS in the BWR 3/4 plants are generally similar in design, there are some slight variations
in the designs that can influence the system reliability. To some extent, these slight variations are
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accounted for in the SPAR models by the fact that generic ECCS reliability data is used in the
models.

Reactor Core Isolation Cooling

When feedwater is not available, high-pressure injection can be provided via the RCIC system.
The RCIC system uses a single steam turbine-driven pump that is supplied with steam from one
of the main steam lines and exhausts to the suppression pool. The RCIC system initially takes
water from the condensate storage tank (CST) and injects into the reactor vessel via a main
feedwater (MFW) line. When the CST is depleted, RCIC pump suction is aligned to the
suppression pool. In some BWRs, the RCIC also will realign suction form the CST to the
suppression pool upon a high suppression pool level signal. At some plants, procedures require
the operators to defeat the switchover to the suppression pool upon a high suppression pool level
in order to prevent negative impacts on pump operability as a result of high pool temperatures.

There are no important configuration differences in the RCIC systems at the BWR 3/4 plants.
However, there are variations in room cooling requirements that can affect the reliability of RCIC.
This primarily involves the occurrence of steam-leak detection trips that occur when heating,
ventilation and air-conditioning (HVAC) systems fail but can also include the failure of the pump
room cooling. It should be noted that modeling of the ECCS room cooling portion of HVAC
systems in the SPAR models is currently limited to the cooling water and electrical dependencies
required for the ECCS room coolers to function. These HVAC differences are generally only
important for station blackout (SBO) scenarios (RCIC pump failures generally dominate the system
reliability for other scenarios). The contribution from SBO affects the baseline CDF and LERF but
has little impact on the ECCS configuration evaluations presented in Appendix H since the ECCS
(with the exception of HPCI) is not available.

High-Pressure Coolant Injection (HPCI)

For medium LOCAs and for small LOCAs and transients in which RCIC is not available high-
pressure ECCS is used to inject makeup water until the system is depressurized to permit long
term core cooling via the low-pressure ECCS or alternative systems. For plants in the BWR 3/4
group, the high-pressure ECC subsystem is the HPCI system. Like RCIC, HPCI uses a single
steam-driven pump that is supplied with steam from one of the main steam lines and exhausts to
the suppression pool. Initially, the HPCI system takes water from the CST and injects it into the
reactor vessel. When the suppression pool level is high or when the CST level is low, pump
suction is aligned to the suppression pool. At some plants, procedures require the operators to
defeat the switchover to the suppression pool upon a high suppression pool level in order to
prevent negative impacts on pump operability as a result of high suppression pool temperatures.
The HPCI system can provide makeup at RCS pressures from 1150 to 150 psig. Below 150 psig,
operation is not possible because of poor steam conditions from the steam-driven pump and, thus,
the system is automatically tripped.

A survey of the HPCI configurations for BWR 3/4 reactor units was performed to determine a
dominant configuration. No major differences were discovered in the BWR 3/4 HPCI
configurations. Each of the systems has a single injection path, a single turbine-driven pump, and
a single steam supply and discharge pathway. In addition, it should be noted that the evaluation
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of the minimum ECCS configuration for the BWR 3/4 plants presented in Appendix H does not
examine any variations involving the HPCI system. That is, the minimum ECCS configuration
includes a HPCI system.

Core Spray (CS)

All BWRs have a low-pressure core spray system that injects water via spargers located above the
core. The system is called the core spray (CS) system in BWR 1 through BWR 4 (the acronym
LCS is used in the SPAR models for these plants) and the low-pressure core spray (LPCS) system
for BWR 5s and BWR 6s. Water is delivered to the spargers by motor-driven pumps that draw
from the suppression pool. In BWR 1s through BWR 4s the CS system is comprised of two
redundant trains with two redundant spargers. The number of pumps in a core spray train can vary
from one to two as indicated in Table E.5.

Table E.5 BWR 3/4 Core Spray (CS) Configuration Survey

CS Injection
Plant Pumps Lines Large LOCA Success Criteria
Browns Ferry 2&3 4 2 2-0f-2 CS pumps in either core spray loop
Brunswick 1&2 2 2 1-of-2 CS pumps
Cooper 2 2 1-of-2 CS pumps
Duane Arnold 2 2 1-of-2 CS pumps
Fermi 2 4 2 2-0f-2 CS pumps in either core spray loop
FitzPatrick 2 2 1-of-2 CS pumps
Hatch 1&2 2 2 1-of-2 CS pumps
Hope Creek 4 2 2-0f-4 CS pumps
Limerick 1&2 4 2 2-0f-2 CS pumps in either core spray loop
Monticello 2 2 1-of-2 CS pumps
Peach Bottom 2&3 4 2 2-0f-4 CS pumps
Pilgrim 1 2 2 1-of-2 CS pumps
Quad Cities 1&2 2 2 1-of-2 CS pumps
Susquehanna 1&2 4 2 1-of-4 CS pumps
Vermont Yankee 2 2 1-of-2 CS pumps

As indicated in Table E.5, there are two CS configurations. Out of the 22 BWR 3/4 units, 15 CS
systems have 2 motor-driven pumps and 7 of the units have 4 motor-driven CS pumps. In the
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2-pump configuration, success of CS requires 1 out of 2 CS pumps operate. In the 4-pump
configuration, success requires 2 out of 4 CS pumps operate (except for Susquehanna). The
configuration with 4 motor-driven CS pumps was selected as the baseline configuration for the
minimum ECCS configuration evaluation documented in Appendix H (the application of the 2-of-4
success criteria is conservative for Susquehanna, but may be nonconservative for Browns Ferry,
Limerick, and Fermi, which require 2 pumps to be available in the same loop). Additional
evaluations will be required for the configurations that have two CS pump trains. In addition,
sensitivity studies to evaluate the importance of the variations in the four- train success criteria may
be warranted.

Low Pressure Coolant Injection (LPCI)

BWR 3s to BWR 6s also have a LPCI system to provide core flooding capability in the event of a
large LOCA. For all plants in the BWR 3/4 group, LPCI is an operating mode of the RHR system,
which can also perform containment spray, suppression pool cooling, and shutdown cooling
functions. AllBWR 3s and most BWR 4s have two LPCI injection trains, each with two pumps that
inject via a recirculation loop. As indicated in Table E.6, some BWR 4s have four LPCI
pump/injection trains. Some BWR 4 LPCI systems inject directly inside the reactor vessel shroud.
In a large recirculation line LOCA, this ensures that all of the LPCI flow passes through the core
before being lost through the break.

Table E.6 BWR 3/4 Low-Pressure Coolant Injection (LPCI) Configuration

Survey
Plant RHR HTXs | Injection LPCI
Pumps Lines Success Criteria
Browns Ferry 2&3 4 4 2 1-of-4 RHR pumps
Brunswick 1&2 4 2 2 1-of-4 RHR pumps
Cooper 4 2 2 1-of-4 RHR pumps
Duane Arnold 4 2 2 1-of-4 RHR pumps
Fermi 2 4 2 2 1-of-4 RHR pumps
FitzPatrick 4 2 2 1-of-4 RHR pumps
Hatch 1&2 4 2 2 1-of-4 RHR pumps
Hope Creek® 4 2 4 1-of-4 RHR pumps
Limerick 1822 4 2 4 1-of-4 RHR pumps
Monticello 4 2 2 1-of-4 RHR pumps
Peach Bottom 2&3 4 4 2 1-of-4 RHR pumps
Pilgrim 1 4 2 2 1-of-4 RHR pumps
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Table E.6 BWR 3/4 Low-Pressure Coolant Injection (LPCI) Configuration

Survey
Plant RHR HTXs | Injection LPCI
Pumps Lines Success Criteria
Quad Cities 1&2 4 2 2 1-of-4 RHR pumps
Susquehanna 1&2 4 2 2 1-of-4 RHR pumps
Vermont Yankee 4 2 2 1-of-4 RHR pumps

! Hope Creek only has two pump trains capable of decay heat removal. Two pump trains are
dedicated for LPCI only.

2 Limerick is similar to Hope Creek except a normally closed cross-tie exists to connect the
dedicated LPCI pumps to the RHR heat exchangers.

Success during a large break LOCA generally is assumed in PRAs to require that 1 out of 4 of the
LPCI pumps operate. This success criteria generally reflects the early portion of a large break
where coolant can only reflood the vessel up to the top of the jet pumps. At this elevation, only the
bottom two-thirds of the core is reflooded and steam cooling would have to occur to prevent
damage of the top third of the fuel. However, it should be noted that in the long-term mitigation of
a large break LOCA, the sustained injection from one LPCI pump could subcool the coolant in the
vessel resulting in the inability to steam-cool the top third of the core. Thus, use of a CS pump may
be required in the long term if only one LPCI pump is available for injection. Alternatively, the
operator may control the coolant injection to ensure the coolant remains saturated in the core thus
maintaining steam cooling.

If multiple LPCI pump trains are available such that the LPCI injection flow exceeds the flow
through the jet pumps, the entire core can be reflooded. The total jet pump flow area in BWR 3/4s
is approximately 1.5 ft?>. For any recirculation line break size greater than 1.5 ft?, the jet pump area
would limit the amount of flow going out the break. Hand calculations indicate that the flow from
3 LPCI pumps at atmospheric pressure would be required to equal that lost out a break of that size.
It should be noted that PRA models including the SPAR models do not account for this long-term
success criterion during a large-break LOCA. Consideration of the potential need for more than
just one LPCI pump to mitigate a large-break LOCA needs to be addressed when establishing the
minimum ECCS requirements for BWRs.

From the survey of BWR 3/4 LPCI configurations provided in Table E.6, it was determined that
most plants have two independent LPCI trains with each train containing two pumps that feed into
a common injection line. This dominant configuration, which has slightly less redundancy than the
configuration at Hope Creek and Limerick, was adopted as the baseline for the evaluations
documented in Appendix H. The number of RHR heat exchangers would not be expected to
directly affect the reliability of the LPCI function but could have a small impact on the decay heat
removal function. Although loss of decay heat removal influences the continued operation of ECCS
pumps taking suction from the suppression pool, the number of RHR heat exchangers should not
significantly influence the CDF and LERF. The fact that Hope Creek and the Limerick units have
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two dedicated LPCI pump trains should result in less redundancy for decay heat removal. In
particular, Hope Creek has a unique configuration that makes it an outlier. The minimum
LPCI/RHR configuration documented in Appendix H thus may not be applicable for Hope Creek.

Plant-Specific Coolant Injection Considerations

Although the ECCS configurations for the various BWR 3/4s are similar, there are some differences
that can impact system operability. For example, the elevation of the ECCS pump suction in the
suppression pool is variable. This has an impact on pump net positive suction head (NPSH) and
hence when the pump will fail during an accident that results in adverse suppression pool
conditions. Some ECCS pumps have external seal cooling to allow for operation with high
suppression pool temperatures, while other self-cooled pumps experience seal failure under the
same conditions. Some systems (such as the RCIC and HPCI) also have protective trip logic with
setpoints that can vary from plant to plant. Examples of these protective trips include a high turbine
exhaust back pressure trip and area temperature trips that are indicative of a steam leak in the
system. Variability in these trip setpoints can result in variability in the time the system trips during
accident sequences where these conditions would be expected to occur. These variations in trip
times can be important in determining the probability of various recovery actions (e.g., recovering
off-site power) and whether alternative injection systems, such as the control rod drive hydraulic
system, can be used. Variations in support system requirements and configurations for the coolant
injection components also influence the system availabilities (see subsequent discussion). Finally,
some adverse containment condition impacts (e.g., high suppression pool temperature) on RCIC
and HPCI can be delayed as long as the pump suction is aligned to the CST. However, the CST
will eventually be depleted at different times for each plant (allowing differences in accident
recovery potential) dependent upon the CST volume. These examples indicate that even though
the ECCS for the BWR 3/4s may appear to be quite similar, subtle differences do exist in designs
or arrangements that can impact the system operation under accident conditions. Consideration
of these impacts will be bounded when establishing the minimum ECCS requirements for the BWR
3/4 plants.

Automatic Depressurization System

All BWRs currently operating in the United States have an automatic depressurization system
(ADS) that automatically opens primary relief valves to depressurize the RCS and allow the low-
pressure subsystem to provide core cooling when the high-pressure ECCS subsystem fails to
perform adequately. The number of ADS valves ranges from 4 to 16 in the BWR 3/4 plants. There
is generally two separate ADS divisions powered by separate DC electrical buses. Procedural
changes employed at most plants direct the operator to inhibit this automatic function and to
manually perform vessel depressurization when required by opening relief valves or by other
means such as the turbine bypass (Cooper and Fermi did not credit ADS inhibit in their IPE).

The variation in the different ADS designs in the BWR 3/4s should not significantly impact the CDF
and LERF since the reliability of the ADS is generally dominated by operator error or failure of the
DC buses. Furthermore, any variation in the ADS configurations would not influence the evaluation
of the increase in CDF or LERF associated with potential changes to the minimum low pressure
ECCS configuration or operational requirements.
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Alternative Injection Systems

In addition to the ECCS, most BWRs have the capability to use other systems to provide coolant
injection to the vessel. The availability and ability to use alternative injection systems is highly plant
specific. Depending on the plant, such systems include service water cross-tied to inject into the
RHR system, CRDHS, and firewater. The alternative injection systems provide coolant from
external sources. Most of them are not safety grade. Some can only succeed after decay heat in
the vessel has decreased to match the capacity (e.g., CRDHS) or when sufficient time is available
to manually align the system (typical for firewater and for service water cross-tie). At some plants,
the service water cross-tie can immediately be aligned from the control room.

A review of the alternative coolant injection systems credited in the BWR 3/4 IPEs indicate that
most credit the use of enhanced CRDHS for use early on to mitigate transients (Hope Creek,
Limerick, Monticello, and Pilgrim do not). In addition, all but Pilgrim credit the use of condensate
for mitigating transients and small LOCAs. Similarly, all but Monticello, Pilgrim, and Quad Cities
credit the use of an emergency or RHR service water cross-tie for mitigating transients and small
LOCAs. Several licensees credited firewater cross-tied for injection during transients and small
LOCAs.

For the evaluation of the minimum ECCS requirements for the BWR 3/4 plants, credit was given
for use of enhanced CRD flow (i.e., flow from both pumps through an enhanced flow path) for
mitigating transients early on and for regular CRD flow (i.e., flow from one pump) for long-term
coolant injection. Condensate and service water cross-tie was credited for both transients and
small LOCAs. Service water cross-tie was also credited for early mitigation of medium LOCAs and
as a late injection source for large LOCAs. However, because there is some variation in the credit
for these systems in the BWR 3/4 IPEs, sensitivity studies were performed to determine the effect
of these systems on the minimum ECCS requirements.®

Influence of Containment on Coolant Injection

The containment design can influence the operability of coolant injection systems in several ways.
For BWR 3/4 plants, the ultimate failure pressure of the containment is typically 2 to 4 times the
design pressure, and generally greater than 100 psig. Containment pressures can, therefore,
become high enough in the Mark | containments to force closure of open relief valves. This
impacts the ability to maintain a depressurized reactor vessel to continue LPCI or CS pump
injection into the vessel. Specifics of suppression pool design such as the elevations of ECCS
pump suction piping relative to the pool water level can impact pump NPSH and hence the pump
failure time under high pool temperature or low pool level conditions. The containment design
determines the likely location where containment failure will occur. The location of containment
failure canimpact the continued operation of coolant injection systems through either direct effects
(e.g., rupturing the coolant injection piping or failing the source of water such as the suppression
pool) or by harsh environments in the reactor building that can fail important components such as
electrical switchgear. These factors must be considered when determining the minimum ECCS
requirements.

At the time of this report, sensitivity studies have only been completed for the base case.
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E.3.4 BWR 3/4 Decay Heat Removal

In all BWRs, the same heat transfer loop used for normal power operation, consisting of the RCS
and the PCS, is used for normal shutdown at high RCS pressure. The main turbine is tripped and
bypassed and the steam, condensate and feedwater systems operate at a greatly reduced flow
rate. Variability in the PCS design, support system requirements, and protective trip setpoints can
impact the use of this preferred system for decay heat removal under accident conditions.

If the PCS is unavailable, normal shutdown cooling in BWR 3/4s is provided when steam is relieved
to the suppression pool through relief valves and containment heat removal is initiated.
Containment heat removal capability in BWRs typically includes suppression pool cooling (SPC)
and the containment sprays. Allthe BWR 3/4s have a multi-mode RHR system that includes these
functions. These systems all include heat exchangers that transfer heat to an ultimate heat sink
through one or more intermediate cooling water systems.

Normally, the RHR system provides post-shutdown (low RCS pressure) cooling. For all of the
BWR 3/4s, the multi-mode RHR system provides post-shutdown cooling in addition to providing
the ECCS (i.e., LPCI) and containment cooling functions. All of these modes of RHR are credited
for the BWR 3/4s.

All plants with Mark | containments have installed a hard-pipe vent that can be used to relieve
pressure in either the drywell or wetwell area of the containment. In the Cooper IPE, venting is only
credited in the dominant loss of decay heat removal sequence involving a loss of service water.
Limerick and Susguehanna are housed in Mark Il containments but have a venting capability that
was credited in their IPEs. The pressure at which venting is initiated is plant-specific and is
generally a function of the size of the vent path. At some plants, venting can have an adverse
impact on ECCS pump NPSH and can result in pump failure. Venting is credited in this evaluation
and the adverse affects on ECCS pump operation are accounted for.

Other than venting, use of alternate decay heat removal systems is generally not credited in BWR
PRAs. One notable exception is the use of the reactor water cleanup (RWCU) system modeled
in the Susquehanna 1&2 IPE. The RWCU has limited heat removal capacity and will not be
capable of removing all the decay heat generated immediately after scram. Thus, if the RWCU
system is used for decay heat removal, excess heat would be transported to the suppression pool
through the SRVs. Eventually, RWCU will be capable of removing the generated heat from the
core. The licensee for Susquehanna indicates that use of the RWCU in the blowdown mode will
maintain the containment within design limits. However, no credit is given for RWCU in this study.

E.3.5BWR 3/4 Support Systems

The support systems required by the coolant injection, decay heat removal, and other accident
mitigating systems typically include electrical power, cooling water, and heating, ventilation, and
air conditioning (HVAC) systems. The designs of these systems vary from plant to plant and can
significantly impact the availability of accident mitigating systems.
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Electric Power Systems

The on-site electric power system in all nuclear power plants consists of two parts: (1) the non-
Class 1E systems, which supply non-safety loads, and (2) the Class 1E system, which supplies
safety systems. Normally, on-site electric power is supplied from the output of the main generator
and/or the off-site grid. Diesel generators (and gas turbines at one BWR 4) provide emergency
AC power for the Class 1E portion of the system and batteries provide standby DC power.

Loss of normal off-site power can cause an automatic shift to an alternative source of off-site power
(available at Pilgrim and Vermont Yankee) and/or start the emergency diesel generators. If normal
and backup sources of off-site power are unavailable, the non-Class 1E and Class 1E portions of
the on-site electric power system are separated by opening various circuit breakers and the diesel
generators are aligned to supply the Class 1E systems. The diesel generator control systems
interface with a load-sequencing system that adds selected loads in prescribed sequences at the
proper times. In addition to DC power, the diesel generators usually rely on other support systems
such as cooling water and HVAC for operation.

Table E.7 provides the results of a survey of the emergency electric power systems for the BWR
3/4 plant group. Only Fermi has a gas turbine in addition to diesel generators. At some multi-unit
sites (e.g., Quad Cities), one shared diesel generator is available in addition to a dedicated diesel
generator. Susquehanna 1&2 has four diesel generators, all of which are shared between both
units. Similarly, Peach Bottom has two diesel generators dedicated per each unit but has the
capability to connect all four diesel generators to both units. Other multi-unit sites (e.g., Brunswick
1&2) do not have any shared diesel generators. Cross-tying emergency buses between multi-unit
plants is possible at some locations, and cross-tying divisions of power at a single unit plant is also
possible. One plant, Pilgrim, has an additional blackstart or SBO diesel generator.

DC buses are available to provide power to both safety and non-safety grade equipment. Normally,
the DC power is provided by banks of batteries that are charged from the AC buses. As indicated
in Table E.7, the number of battery banks at each plant is variable, ranging from two to four for
plants in the BWR 3/4 group. All plants in the BWR 3/4 group have at least two 125-V battery
banks and some also have one or two 250-V battery banks. The battery depletion time is an
important factor in determining the response to a station blackout. The battery depletion time is
significantly impacted by the availability of load shedding procedures, which indicate a prescribed
order to shed unnecessary loads during station blackout.

Table E.7 BWR 3/4 Electric Power Configuration Survey

AC Diesel DC Battery
Plant Divisions | Generators | Divisions Depletion
[Unit /Unit /Unit Time (hrs)
Browns Ferry 2&3 4 4 3 4
Brunswick 1&2 2 2 2 2
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Table E.7 BWR 3/4 Electric Power Configuration Survey

AC Diesel DC Battery
Plant Divisions | Generators | Divisions Depletion
/Unit [Unit [Unit Time (hrs)
Cooper 2 2 2 4
Duane Arnold 2 2 2 6-12
Fermi 2 2 4 2 4
1 gas
turbine

FitzPatrick 2 4 2 8
Hatch 1&2 2 2 4 2.5
Hope Creek 4 4 4 4
Limerick 1&2 4 4 4 8
Monticello 2 2 2 4
Peach Bottom 2&3 2 2 4 4
Pilgrim 1 2 2, plus 1 2 3

blackstart

DG

Quad Cities 1&2 2 1/unit, 2 4

1 shared
Susquehanna 1&2 4 4, 4 4

all shared
Vermont Yankee 2 2 2 8

As indicated in Table E.7, there are multiple electrical configurations in the BWR 3/4 plant class.
In order to reduce the number of groups within this class, bounding configurations were selected.
This bounding configuration consists of:

. Two emergency AC power divisions each with a single diesel generator

. Two 125-V battery banks

Brunswick 1&2, Cooper, Duane Arnold, Monticello, Peach Bottom, and Vermont Yankee all have
this electric power configuration. A typical eight-hour battery depletion was selected as opposed
to selecting a bounding time. The battery depletion time only affects SBO scenarios which do not
affect the change in CDF and LERF associated with the ECCS change evaluations documented
in Appendix H.
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Cooling Water Systems

Cooling of BWR components such as pumps and diesel generators is provided by one of several
cooling water systems at a plant. The number and arrangement of cooling water systems is highly
variable; however, most plants have a reactor building closed cooling water (RBCCW) system that
is used to cool safety and non-safety related loads and a turbine building closed cooling water
(TBCCW) system that cools non-safety loads. Both systems are closed loop designs and reject
heat to an ultimate heat sink (cooling towers, spray ponds, or a natural body of water) through the
service water system(s). The service water system(s) can be open and/or closed loop designs.
In some plants, the safety and non-safety loads are cooled by the same service water system, with
non-safety loads isolated under accident conditions. In other plants, a standby or emergency
service water (ESW) system that only operates under accident conditions cools the safety loads,
while a normal service water (NSW) system cools non-safety loads. At some multi-unit sites, the
cooling water systems can be cross-tied to serve both units.

The results of a survey of emergency service water configurations for BWR 3/4 plants are
summarized in Table E.8. Roughly half of the units have standby emergency service water. Of
these, four sites operate with two service water trains having one pump. The other plants have
normally operating systems with two trains that typically each have two pumps. Thus, there are
two emergency service water system configurations that bound those at the BWR 3/4 plants.

However, the remaining cooling water systems used at the plants have significantly different
designs. Attempts to group these designs would result in a large number of plant groups. This
variability would be expected to affect the baseline CDF and LERF but should not significantly
impact the change in CDF and LERF related to changes in the ECCS since these systems are
cooled by ESW type systems.

Table E.8 BWR 3/4 Emergency Service Water Configuration Survey

ESW ESW ESW
Plant Pumps | Trains Status
Browns Ferry 2&3 4 2 Standby
Brunswick 1&2 5 2 Normally Operating
Cooper 4 2 Normally Operating
Duane Arnold 2 2 Standby
Fermi 2 2 2 Standby
FitzPatrick 2 2 Standby
Hatch 1&2 4 2 Normally Operating
Hope Creek 4 2 Normally Operating
Limerick 1&2 4 2 Standby
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Table E.8 BWR 3/4 Emergency Service Water Configuration Survey

ESW ESW ESW
Plant Pumps | Trains Status
Monticello 2 2 Standby
Peach Bottom 2&3 2 2 Standby
Pilgrim 1 4 2 Normally Operating
Quad Cities 1&2 5 2 Normally Operating
Susquehanna 1&2 2 2 Standby
Vermont Yankee 4 2 Normally Operating

Other Support Systems

Room cooling is required for some mitigating components and is provided by a variety of HYAC
systems. Typically, room cooling is required for ECCS, RCIC and service water pumps, diesel
generators, electrical switchgear, and the control room. The HVAC systems can be once-through
or can be recirculation systems that have cooling coils cooled by one of a number of diverse
cooling water systems.

Other support systems such as instrument air can impact accident mitigating system reliability. The
resulting variability in the reliability of core and containment cooling can be significant. In fact,
support system features often dominate the estimated core damage frequency and the specific
equipment failures or human errors most important to the core damage potential. It is important
to note that support systems other than electric power and cooling water are generally not included
in the SPAR models.
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