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APPENDIX A
MAAP4 ANALYSIS TO SUPPORT SUCCESS CRITERIA

Al Introduction

The success criteria that define the event tree paths that do not result in core damage have
been identified and discussed in Chapter 6. Supporting analyses for the success criteria and
success paths can sometimes be found within the licensing basis analyses in the Standard
Safery Analvsis Report (SSAR). However, when there are multiple system failures, other
analyses are necessary to support the success criteria definitions. Most of the success paths
involve muitiple failures and include the actuation of the automatic depressurization system
(ADS). The additional system analyses are performed with the Modular Accident Analysis
Program, version 4.0 (MAAP4) and are described in the following subsections.

Al MAAP4 Overview and Limitations

MAAP4 is a computer code that simulates the response »f light water reactor systems to
initiating events. It was originally developed to investigate the physical phenomena that may
occur in the event of a severe accident after significant core damage. Although the emphasis
in the code development has been on the severe fuel damage phase of the accident, the code
can also be used to predict the thermal-hydraulic behavior prior to core damage.

MAAP4 is a fully integrated, systems accident code and includes models for important
thermal-hydraulic and fission-product phenomena which may occur during a postulated
accident in a pressurized water reactor plant. The models in MAAP4 relevant to success
criteria are the following:

Reactor coolant system thermal-hydraulics
Cladding water reaction

Reactor core heatup

Containment thermal-hydraulics

The version of MAAP4 used for these analyses is documented in Reference A-1, which
provides details of the code models, the benchmarking performed, and users guidance.
MAAP4 has improved capability, compared to MAAP3B, to model the following in-vessel
and advanced reactor systems:

. Detailed core model nodalization includes the fuel, clad, control rod and coolant. Up
to 175 nodes can be modelled; the AP600 model has &5 nodes, with 5 radial rings and
17 axial rows.

. Improved pressurizer and surge line thermodynamic calculations for modeling the large
valves used in the automatic depressurization system
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. Generalized containment model

. Passive safety system models, including passive residual heat removal (PRHR) heat
exchanger, core makeup tanks (CMTs), and passive containment cooling system (PCS)

MAAP4 was chosen as the code to support the success criteria because of its flexibility and
case of use. MAAP4 integrates the effects from the primary system, the secondary system,
and the containment. The code is fast-running, making it feasible to analyze a large number
of scenarios, variations of the scenarios, and sensitivities. The flexibility of the code includes
the capability to model a wide range of initiating events and the capability to model operator
intervention based on times or "trigger” events.

When applied to pre-core damage success criteria analyses, MAAP4 has limitations due to the
model simplifications that make MAAP4 a fast-running code. The model simplifications have
been considered in the analyses and are discussed below.

Core Power

The core power in MAAP4 is based on the full power input value before the reactor trips, and
1979 ANS decay heat after the reactor trips. The MAAP4 core power model is an adequate
best estimate prediction of the core heat for the majority of the accident scenarios.

MAAP4 does not have a neutronics model and, therefore, cannot be used to determine the
short-term reactivity transients or the potential for return to power after reactor trip that can
be a concern for transients. Therefore, MAAPZ is only used for the longer thermal-hydraulic
system response in transients, and is not used for anticipated transient without scram (ATWS)
events.

For loss-of-coolant-accident (LOCA) initiating events, the plant remains at steady-state full
power conditions until sufficient coolant inventory is lost through the break to cause the
reactor to trip on a low pressurizer level or low pressurizer pressure signal. Since any make-
up flow to the reactor coolant system (RCS) is borated, there are no power excursion concerns
for loss-of-coolant accidents. For most loss-of-coolant accidents, the reactor trips within the
first minutes of the accident and the core power model is based on decay heat. However, for
small breaks in the reactor coolant system, the reactor can remain at full power on the order
of 10 minutes until a reactor trip signal is reached. The absence of a neutronics model in
MAAP4 is not a concern because power excursions are not a part of the expected plant
response for the cases modelled with MAAP4

Core Heat Transfer

There are also limitations for loss-of-coolant accident events, if the break is large and depletes
the reactor coolant system inventory rapidly. MAAP4 can not handle the ossibility of
exceeding the critical heat flux during the blowdown, nor can it handle reflood while
considerable stored heat remains within the fuel. If core uncovery occurs after the initial
stored energy in the core has been removed, and the core heat is down 1o decay heat levels,
the code simplifications do not significant!y impact the results (Reference A-2). Therefore,
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for "smaller” break sizes that do not invoive a competition between reflood and clad heat-up
rates, MAAP4 calculations are good at predicting the system response. As a resuit, the code
is not used to analyze large loss-of-coolant accidents.

Two-Phase Flow Model

To maintain MAAP4 as a relatively small, fast-running code, the treatment of two-phase
(water and steam) natural circulation in the primary system has been simplified. A thorough
model would include the detailed treatment of void fraction distribution, a non-equal velocity
model, and detailed pressure distribution through the reactur coclant system. Instead, a much
simpler model was adopted for MAAP4, in which the primary system is assumed to have a
spatially constant, homogeneous void fraction until phase separation occus.

When the reactor coolant pumps (RCPs) are running, the voids are assum :d to be uniformly
distributed throughout the reactor coolant system., When the reactor coolant pumps are
tripped, the MAAP4 model includes two options; natural circulation may be assumed, with
the voids uniformly distributed; or the phases may be assumed to instantly separate into a
stable gas-over-water configuration. The determination of which ssumption is made is
controlled by a user input, VFSEP. If the average void fraction is smaller than VFSEP,
natural circulation is assumed, while the gas-over-water assumption occurs if the void fraction
is greater than VFSEP.

Prior to phase separation, the homogeneous natural circulation model may not accurately
predict the details of the internal situation in the reactor coolant system. T&H benchmarking
of MAAP3B (Reference A-2) found little sensitivity to the value of VFSEP. However,
sensitivity analyses on the value of VFSEP are performed in Section A.8.

Break Flow Model

The break flow rate in MAAP4 is determined by considering the pressure difference across
the break, the fluid properties, and the void fraction entering the break. When the break
location is totally submerged, the void fraction is based on the reactor coolant system void
fraction. When the break location is partially submerged, th M * AP4 model considers the
entrainment of the liquid into the overlying gas. The entrainmcat model is limited to only
considering the entrainment of liquid that is contained within the break node. Therefore, the
MAAP4 break model is not sufficient to address large breaks in the reactor coolant system
ir. which the entrainment of water would extend beyond the immediate break location. As a
result, the code is not used to analyze large loss-of-coolant accidents.

MAAP4 Model for AP600

The AP600 MAAP4 model is defined in a parameter file and an input deck. The parameter
file contains the majority of the AP600 m«del, while the input deck is used to model the
event-specific parameters. In addition, the input deck can be used to supersede any input in
the parameter file, so that sensitivity studi2s can easily be performed. The purpose of this
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section is to identify the general assumptions and models that are consistent in all of the
analyses to support the success criteria.

The AP600 systems for core heat removal and reactor coolant system coolant inventory
replacement that are modelled in MAAP4 are the sieam generators, the passive residual heat
removal, the core makeup tanks, the accumulators, gravity draining of the in-containment
refueling water storage tank (IRWST), and the normal residual heat removal system (RNS).
The steam generators and accumulators are a part of the MAAP4 model for conventional
plants. The core makeup tank, passive residual heat removal and in-containment refueling
water storage tank models were added to the general version of MAAP4 specifically for
AP6(00. The normal residual heat removal model was added to the MAAP4 parameter file
by defining low-pressure injection pumps drawing suction from the in-containment refueling
water storage tank. The normal residual heat removal model does not take credit for any heat
exchanger, which is a reasonable assumption for the limited time frame considered in these
analyses. Startup feedwater and CVS are heat removal and inventory makeup sources that are
not generally credited in the MAAP4 analyses.

All success criteria analyses with MAAP4 are terminated after a long term injection source
is established to restore and maintain coolant inventory for the removal of decay heat.

All analyses include the consideration of the passive containment cooling system (PCS). For
cases that rely on gravity injection from the in-containment refueling water storage tank, the
time that the injection begins and the flow rate of the injection are a function of containment
pressure. Therefore, a lower containment pressure is more limiting, aud the operation of the
passive containment cooling system is included in all the analyses. A lower containment
pressure may also occur due to a failure in containment isolation. But this is not an
assumption made in all the MAAP4 analyses since containment isolation is most likely to
function as designed. However, the failure of containment isolation is considered in the
definition of the success criteria through sensitivity analyses (Sections A.8 and A.9).

Because these analyses are to support the system response, the actuation signals and setpoints
of the protection systems can be important to the timing and outcome of the results.
Table A-1 summarizes the signals and other assumptions for the reactor trip, reactor coolant
pump trip, automatic depressurization system actuation, core makeup tank actuation,
accumulator actuation, passive residual heat removal actuation, normal residual heat removal
operation, and the in-containment refueling water storage tank gravity drain.
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A.l4

MAAP4 Analysis Objectives and Considerations

The MAAP4 analyses identify the configurations and timing for automatic depressurization
system, core makeup tanks and accumulators, passive residual heat removal, and normal
residual heat removal and in-containment refueling water storage tank gravity drain that result
in sufficient core heat removal and inventory conirol to prevent core damage. These
configurations and timings constitute the success criteria for a given set of event sequences.
The initiating events are grouped into five categories for the MAAP4 analyses, as discussed
in Section A.2. The break sizes for the loss-of-coolant accident initiating events are defined
in Section A.3.

The definition of the MAAP4 cases focus on the automatic depressurization system success
criteria, as discussed in Section A.4. The automatic depressurization system success criteria
are also considered with respect to whether the reactor coolant system depressurization is
partial or full, and whether the automatic depressurization system lines are automatically or
manually opened. Partial depressurization is defined as reducing the reactor coolant system
pressure below the normal residual heat removal pump shut off head (-~ 175 psia). Full
depressurization is defined to be the condition at which the in-containment refueling water
storage tank gravity drain can perform the long term injection and heat removal function.
Automatic versus manual actuation of the automatic depressurization system is dependent on
whether a core makeup tank is credited in the event sequence. A low core makeup tank level
is the only signal that automatically actuates the automatic depressurization system, and
therefore manual actuation of the automatic depressurization system is credited as a potential
success path if no core makeup tanks successfully inject.

Systematic MAAP4 Analysis Methodology

The MAAP4 analyses to support the success critziza definitions are selected in a manner that
adequately represents the applicable scenarios. To verify any given success criterion, both the
initiating event and the system assumptions for the event tree sequence are considered. For
each path on the event trees, conservative representative sequences, called baseline sequences,
which do not result in core damage determine the success configuration for the systems. The
definitions of baseline sequences and core damage are provided below. The steps in the
systematic methodology are:

define a success configuration for taie event tree path

define a baseline sequence to represent the event tree path

perform MAAP4 analysis for the baseline sequence

determine margin to core damage

perform sensitivity analyses if insufficient margin exists

redefine success configuration if necessary, and repeat process to obtain margin.

The details of the methodology are outlined in this section. Figure A-1 presents a flowchart
of the methodology.
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Baseline Sequences

To determine any given success criterion, the initiating event and the hardware and human
action assumptions on the event tree are considered. Analyses consider the operation of plant
systems, even those not modeled on the event tree, that could adversely impact the response
to the sequence. An example of this consideration is the containment isolation system.
Although not included on the event trees, the failure of the containment isolation system
makes gravity injection from the in-containment refueling water storage tank more difficult
to achieve (see section A.R.2). Therefore, the failure of the containment isolation system is
included in gravity injection MAAP4 baseline sequence analyses.

A baseline sequence is one which includes the worst-case configuration associated with the
variabilities in the event tree path to which the success criterion applies. Such variabilities
exist because each path shown on an event tree actually represents additional possible
hardware/human action combinations which have been bounded by the modeled sequence as
a result of practical considerations for quantifying the PRA. These variabilities are:

minimum injection capability defined for the path

passive residual heat removal availability defined for the path

worst break size for the initiating event

worst break location in the reactor coolant system for the initiating event
longest credited operator action time for manual actions

containment isolation failure and passive containment cooling water success

Minimum Injection. The minimum injection is typically defined by the event tree path that
the baseline sequence represents. Short-term injection can be provided by the two core
makeup tanks and the two accumulators. Either one core makeup tank or one accumulator
is credited for each path on the event tree. An accumulator is only credited in the paths with
the failure of both core makeup tanks (except for Large LOCA which is not analyzed with
the MAAP4 code or this methodology). Therefore, one core makeup tank or one accumulator
is modeled in a baseline sequence.

Long-term injection can be provided by either the two normal residual heat removal (RNS)
pumps or by the two lines of in-containment refueling water storage tank (IRWST) gravity
injection. Event tree paths credit one RNS pump in the event that the primary system is not
fully depressurized for gravity injection. If the reac*or coolant system is fully depressurized,
the event tree path credits either one RNS pump or one IRWST injection line. For partial
depressurization, one normal RHR pump is modeled in the baseline sequence. For full
depressurization, one IRWST injection line is modeled in the baseline sequence. The success
of RNS in the fully depressurized case is bounded by the partially depressuriz.d baseline
sequence.

Passive Residual Heat Removal (FRHR). The availability of the passive RIR is defined
by the event tree path modeled in the baseline sequence. One PRHR heat exchanger is
credited for paths with PRHR success.
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Worst Break Size. The worst break size for the success configuration cannot be directly
discerned. The break size affects the timing of the sequence and decay heat considerations,
reactor coolant system depressurization, and spillage of the injection. Therefore, supporting
analyses are performed which vary the break size to determine the worst break size for the
baseline sequences

Worst Break Location. The worst break location cannot be directly discerned. The break
location affects the elevation of the break, and pressurizer flooding. In LOCAs this can
produce small effects in the reactor coolant system pressure and affect the gravity injection
Therefore, supporting analyses varying the break location are performed for gravity injection
baseline LOCA sequences

Operator Action Timing. For manual actuation sequences such as failure of the core
makeup tanks which require manual action for reactor coolant system depressurization, the
maximum time for operator action credited in the event trees is included in the baseline
sequence. For systems that are normally actuated automatically but in which credit is taken
for a backup manual actuation if the automatic actuation fails, sensitivity cases to the baseline
case are performed to show timing limitations

Containment Isolation and Passive Containment Cooling Water. The opcranon of the
containment isolation and passive containment cooling water can affect gravity injection by
creating small increases in the pressure differential between the reactor coolant system and the
containment. At lower containment pressures it is more difficult to achieve successful gravity
injection. Therefore, for baseline sequences that credit gravity injection for long-term heat
removal, containment isolation is not credited and passive containment cooling water is
credited 1o reduce the containment pressure. This assumption does not apply to normal
residual heat removal baseline sequences. Normal RHR is a pumped system and is not
affected significantly by small changes in the differential pressure between the containment
and the reactor coolant system

Core Damage Definition

Based on Reference A-3, the core is considered to be damaged if both of the following

conditons occur

The collapsed water level in the reactor has decreased such that active fuel in the core

has been uncovered

A fuel cladding temperature of 2200°F (1477°K) or higher is reached in any node of
the core as defined in a best-estimate thermal-hydraulic calculation

The criterion refers to the peak clad temperature. The clad temperature is not a parameter that
is easily summarized in MAAP4 output, and therefore the core temperature is presented for
these analyses. At the start of the event when the reactor is at full power, the core
temperature is approximately 260°F (400°K) higher than the clad temperature. By 500
seconds after reactor trip, the difference is on the order of tens of degrees, with the core
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temperature being a slight over-estimation of the clad temperature. The plots of the core
temperature response are of interest after the initial cooldown from the reactor trip. If there
is no core uncovery during the accident, no peak temperature is reported in Section A4 or A9
for that case.

Although a limit of 2200°F is acceptable and the calculation can be made on & best estimate
basis, "success” in the MAAP4 analyses occurs at a substantially lower temperature. When
there is significant clad oxidation, the heatup rate of the core is increased. Clad oxidation
begins at 1490°F (1083°K), but has only a minor impact on the heatup rate until
approximately 1700°F (1200°K). To demonstrate margin to core damage, baseline sequence
peak core temperatures after core uncovery are shown to be less than 1350°F (1000°K). Since
the iow probability baseline sequence produces the highest peak temperature, this approach
provides substantial margin in terms of bot the peak temperature and the probability of
producing elevated core temperatures.

Sensitivity Analyses

If the peak temperature of the baseline sequence is greater than 1350°F (1000°K), sensitivity
analyses are performed on the baseline sequence to demonstrate that the temperature will not
increase to greater than 2200°F (1477°K) for reasonable changes in plant parameters which
affect the performance of the hardware credited in the sequence. Code parameters and
thermal-hydraulic uncertainties for the baseline sequences are addressed as a separate issue
and with 2 more rigorous treatment elsewhere and are not addressed in these analyses. The
plant parameter sensitivity analyses are performed varying the parameters one-at-a-time.
Combinations of sensitivities are of low probability and are not performed in these analyses.
The plant parameters which are considerad for sensitivity analyses are listed below:

automatic depressurization system minimum flow

core makeup tank minimum flow

accumulator minimum flow

passive residual heat removal minimum heat removal

normal residual heat removal injection minimum flow

in-containment refueling water storage tank gravity injection minimum flow,

Automatic Depressurization System (ADS). The flow requirements for the ADS system are
defined in the design basis analyses and are controlled by inspection, testing and acceptance
criteria (ITAAC). The MAAP4 parameters for the ADS valve areas are input as the minimum
equivalent areas per the ADS requirements. Thercfore, no additional sensitivities are
performed on the ADS flows

Core Makeup Tanks (CMT). The flow requirements for the CMT are defined in the design
basis analyses and are controlled by inspection, testing and acceptance criteria (ITAAC). The
MAAP4 parameters for the CMT are input to calculate best-estimate flow. CMT parameters
are adjusted to calculate minimum flow for applicable baseline sequence sensitivity analyses.
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Accumulators. The flow requirements for the accumulators are defined in the design basis
analyses and are controlled by inspection, testing and acceptance criteria (ITAAC). The
MAAP4 parameters for the accumulators are input to calculate best-estimate flow.
Accumulator parameters are adjusted to calculate minimum flow for applicable baseline

sequences.

Passive Residual Heat Removal (PRHR). The heat removal requirements for the PRHR are
defined in the design basis analyses and are controlled by inspection, testing and acceptance
criteria (ITAAC). The MAAP4 parameters for the PRHR are input to calculate the best-
estimate heat removal. The PRHR parameters are adjusted to calculate minimum heat removal
for applicable baseline sequences.

In-Containment Refueling Water Storage Tank (IRWST) Gravity Injection. The flow
requirements for the IRWST gravity injection are defined in the design basis analyses and are
controlled by inspection, testing and acceptance criteria (ITAAC). The MAAP4 parameters
for the IRWST gravity injection are input to calculate best-estimate flow. Gravity injection
parameters are adjusted to calculate minimum flow for applicable baseline sequence sensitivity
analyses.

Initiating Events

The event trees, as described in Chapter 4, are structured to identify the accident sequences
that may occur following each internal initiating event. For the MAAP4 analyses, the
initiating events are grouped into five event categories. This process is necessary to limit the
number of MAAP4 cases to consider. However, the events are grouped in a manner that does
not lose any of the important detail of the event tree success paths analyzed with MAAP4.

The five initiating event categories for the MAAP4 analyses are medium loss of coolant
(MLOCA), intermediate loss of coolant (NLOCA), small loss of coolant (SLOCA), steam
generator tube rupture (SGTR), and transient. All of the event trees fit into these categories
except LLOCA, ISLOCA, vessel rupture, and ATWS; the success criteria for these initiating
events are not addressed with MAAP4 analyses.

The following sections contain information on each of the initiating event categories. This
includes a list of the applicable event trees and a discussion of the success criteria and success
paths that are addressed by the MAAP4 analyses. The basis for grouping the event trees is
provided by identifying the similarities and differences in the success paths.

This section only includes the rationale for the grouping of the events. Results from each of
the initiating events are summarized in Section A9. Throughout the remainder of
Appendix A, initiating events are referred to by the grouping established within this section.
For example, the events that are initiated without a break in the reactor coolant system are
referred to as "transient,” without any reference to the specific event tree. Whether the
initiating event was a loss of feedwater or a steamline break is not important to the analysis
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conclusions, and the minor differences between these events are addressed within
subsection A.2.5 and Section A9

Medium Loss-of -Coolant Accident (ML OCA)

A medium loss-of-coolant accident is a break in the primary system that is large enough to
depressurize the reactor coolant system to the point that the normal residual heat removal can
be actuated without the opening of the automatic depressurization system lines. In other
words, without automatic depressurization system, the reactor coolant system will depressurize
below the 175 psia st atoff head of the normal residual heat removal pumps due to the
blowdown from the break. The applicable event trees are

Medium loss-of-coolant accident
Core makeup tank line break
Direct vessel injection (DVI]) line break

The primary difference in these initiating events is the location of the break. The MLOCA
vent tree considers breaks on the hot leg or cold leg of the reactor coolant system that are
equivalent or greater than S in. inner diameter (see Section A.3)

The core makeup tank line break is defined as any break in the core makeup tank balance line
r core makeup tank injection line up to the check valves. The core makeup tank line break
is very similar to a MLOCA on the cold leg, except the faulted core makeup tank is assumed
to be unavailable for core cooling. Therefore, the core makeup tank success criteria 1s one
out-of-one core makeup tanks for the core makeup tank line break, while it is one-out-0f-two

re makeup tanks on the MLOCA event ree. Normal residual heat removal is a possible
source of long-term cooling, since the check valves in the core makeup tank line prevent the
normal residual heat removal injection from being lost directly out the break

he direct vessel injection line break has different effective break areas depending on the
location of the break. For all locations, the effective break area initially corresponds to the
4.0 in. flow restrictor in the direct vessel injection line connection to the RPV. After the core
makeup tank actuation signal, a second break pathway is created 1f the 1solation valve opens
for the core makeup tank connected to the broken direct vessel injection line. The second
pathway can be equivalent to 3.7 in. ID or ¥ in. ID depending on the location (refer 1o
Figure A-1). The second pathway allows coolant loss from the reactor coolant system via the

Id leg and core makeup tank. Furthermore, if the broken direct vessel injection line is the
pathway for the normal residual heat removal, the normal residual heat removal injection flow
s lost out the break. No success path is credited on the event tree for normal residual heat

f the above event trees include automatc depressurization sysiem sSuccess criena

ADM -- full depressurization, automatic actuation

ADQ full depressurization, manual actuation
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The full depressurization cases rely on gravity drain from the in-containment refueling water
storage tank for long-term cooling. There are no "partial” depressurization cases, since long-
term cooling with the normal residual heat removal is possible without the opening of
automatic depressurization system lines for this initiating event definition. Since automatic
depressurization system is triggered from a core makeup tank level signal, the automatic
actuation cases credit one core makeup tank and no accumulators. The manual actuation cases
credit one accumulator and no core makeup tanks. Event tree paths with the failure of all
core makeup tanks and accumulators result in core damage.

The MAAP4 analyses that support the initiating events discussed above consider the system
response based on the different break scenarios. Results from the analyses are discussed in
Section A 9.

The MLOCA cases are analyzed until the in-containment refueling water storage tank injects
into the reactor coolant system and turns around the core temperature. This does not
encompass the final top event on the event trees, which is recirculation. The success criteria
for top event RECIR are addressed in subsection 6.4.25.

Intermediate Loss-of-Coolant Accident (NLOCA)

An intermediate loss-of-coolant accident (NLOCA) is a break in the primary system that is
100 small to allow normal residual heat removal injection without automatic depressurization
system, but large enough to allow fourth-stage automatic depressurization system actuation
without passive residual heat removal or stage one, two, or three automatic depressurization
system lines. In other words, without automatic depressurization system, the reactor coolant
system depressurizes below the stage four automatic depressurization system interlock of
1000 psia but remains above 175 psia due to the blowdown from the break. The applicable
event tree is the intermediate loss-of-coolant accident.

In addition, there is a transfer to the NLOCA event tree from the transient event trees if a
pressurizer safety valve fails to close after opening to relieve pressure during the transient.

The automatic depressurization system success criteria included in this initiating event are:

ADU -- partial depressurization, automatic actuation
ADZ -- partial depressurization, manual actuation
ADM -- full depressurization, automatic actuation
ADQ -- full depressurization, manual actuation

The partial depressurization cases rely on normal residual heat removal injection for long-term
cooling. The full depressurization cases rely on either normal residual heat removal or gravity
drain from the in-containment refueling water storage tank for long-term cooling, but the
analyses are performed with the more limiting in-containment refueling water storage tank
gravity drain case. Since automatic depressurization system is triggered from a core makeup
tank level signal, the automatic actuation cases credit one core makeup tank and no
accumulators, The manual actuation cases credit one accumulator and no core makeup tanks.
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Event tree paths with the failure of all core makeup tanks and accumulators result in core
damage.

The MAAP4 analyses that support the initiating events discussed above consider the system
response for breaks in the primary system from 2 in. to 5 in. inner diameter (refer to
Section A.3). In addition, the system response t0 a stuck open pressurizer safety valve is
addressed. Results from the analyses are discussed in Section A.9.

The NLOCA cases are analyzed until the in-containment refueling water storage tank injects
into the reactor coolant system and turns around the core temperature. This does not
encompass the final top event on the event trees, which is recirculation. The success criteria
for top event RECIR are addressed in subsection 6.4.25.

Small Loss-of-Coolant Accident (SLOCA)

A small loss-of-coolant accident is a break in the primary system that is iarge enough that the
CVS makeup flow is not sufficient to replace the lost inventory, vet the break is small enough
that passive residual heat removal must operate or stage one, two, or three automatic
depressurization system lines must open for the fourth-stage automatic depressurization system
to be automatically actuated. In other words, without automatic depressurization system, the
reactor coolant system pressure remains above 1000 psia, the stage four automatic
depressurization system interlock. The applicable event trees are:

. Small loss-of-coolant accident
. RCS leak
. passive residual heat removal heat exchanger tube rupture

The reactor coolant system leak initiating event encompasses all breaks in the reactor coolant
system up to 3/8 in., which is the largest size for which the CVS can compensate for the lost
inventory. Although the reactor coolant system leak event addresses smaller breaks than the
SLOCA event, the system response is similar if the CVS is not providing injection.
Therefore, if the CVS fails, or if the operator fals to take actions that will keep the CVS
injecting, the reactor coolant system leak progresses as a SLOCA. Thus, the reactor coolant
system leak initiating event is included in the SLOCA group for the MAAP4 analyses.

The passive residual heat removal heat exchanger tube rupture event fits within the break size
of a SLOCA. The passive residual heat removal heat exchanger tube rupture is considered
as a separate event tree, since it is feasible for the operator to (erminate the event by isolating
the break. In addition, the operation of the CVS could reduce the effective break size of the
rupture. If the break is not isolated, the passive residual heat removal heat exchanger tube
rupture progresses as a SLOCA. The MAAP4 analyses consider the success paths on the
SLOCA event tree without CVS and without isolation of the break.
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Each of the above event trees include automatic depressurization system success criteria.

ADIA -- partial depressurization, automatic, without passive residual heat removal
ADV -- partial depressurization, automatic, with passive residual heat removal
ADY -- partial depressurization, manusl, without passive residual heat removal
ADZ -- partial depressurization, manual, with passive residual heat removal

ADA -- full depressurization, automatic, without passive residual heat removal
ADS -- full depressurization, automatic, with passive residual heat removal

ADC -- full depressurization, munual, without passive residual heat removal

ADN -- full depressurization, manual, with passive residual heat removal

Separate analyses are done to support each set of automatic depressurization system success
criteria. In all cases, reactor trip is assumed to be successful. In the partial depressurization
cases, only the normal residual heat removal is credited for long term heat removal. In the
full depressurization cases, either normal residual heat removal or in-containment refueling
water storage tank gravity drain lead to success paths, but the analyses are performed with the
more limiting in-containment refueling water storage tank gravity drain case. The automatic
depressurization system actuation cases credit one core makeup tank and take no credit for
accumulators. The manual automatic depressurization system actuation cases credit one
accumulator and assume that the core makeup tanks have failed. Event tree paths with the
failure of all core makeup tanks and accumulators result in core damage.

The MAAP4 analyses that support the initiating events discussed above consider the system
response for breaks in the primary system up to 2 in. (refer to Section A.3). In addition,
sensitivity analyses consider the effects of the passive residual heat removal tube rupture
location. Results from the analyses are discussed in Section A.9.

The SLOCA cases are analyzed until either the normal residual heat removal injects or the in-
containment refueling water storage tank gravity drains into the reactor coolant system and
turns around the core temperature. This does not encompass the final top event on the event
trees, which is recirculation. The success criteria for top event RECIR are addressed in
subsection 6.4.25.

Steam Generator Tube Rupture

The steam generator tube rupture initiating event is a specialized small loss-of-coolant
accident. It is separated into its own category because the loss of primary coolant through the
steam generator can result in different system response than when the loss of coolant is to the
containment. There is a transfer to the steam generator tube rupture event tree if a tube
rupture occurs as a consequence of a steamline break or stuck-open steam generator safety
valve.

As discussed in Section 4.9, the steam gencrator tube rupture event can be described in terms
of three phases. The first and second phases are scenarios where non-safety sysiems, operator
actions, and automatic isolation of the faulted steam generator are credited. These scenarios
are not generally addressed with MAAP4 analyses. The third phase, when the actuation of
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automatic depressurization system lines is needed to prevent core damage, is addressed with
the MAAP4 Cases.

The steam generator tube rupture event tree includes automatic depressurization system
success criteria:

AD1A -- partial depressurization, automatic, without passive residual heat removal
ADV - partial depressurization, automatic, with passive residual heat removal
ADY - partial depressurization, manual, without passive residual heat removal
ADZ -- partial depressurization, manual, with passive residual heat removal

ADA -- full depressurization, automatic, without passive residual heat removal
ADS -- full depressurization, automatic, with passive residual heat removal

ADC -- full depressurization, manual, without passive residual heat removal

ADN -- full depressurization, manual, with passive residual heat removal

e % % 8 9 8 & @

Separate analyses are done to support each set of automatic depressurization system success
criteria. In the partial depressurization cases, only the normal residual heat removal is credited
for long term heat removal. In the full depressurization cases, either normal residual heat
removal or in-containment refueling water storage tank gravity drain lead to success paths, but
the analyses are performed with the more limiting in-containment refueling water storage tank
gravity drain case. The automatic depressurization system actuation cases credit one core
makeup tan), and take no credit for accumulators. The manual automatic depressurization
system actaation cases credit one accumulator, and assume that the core makeup tanks have
failed. Even: rres naths with the failure of all core makeup tanks and accumulators result in
core damage.

For the MAAP4 analyses to support the automatic dericssurization system success criteria
above, there are a number of paths on the event tree to address. Generally, the analyses focus
on scenarios without CVS or startup feedwater, and with the steam generators isolated.
However, the effect of CVS and startup feedwater, relative to the automatic depressurization
system success criteria, are discussed in Section A9,

The steam generator tube rupture cases are analyzed until either the normal residual heat
removal injects or the in-containment refueling water storage tank gravity drains into the
reactor coolant system and turns around the core temperature  This dozs not encompass the
final top event on the event trees, which is recirculation. The success criteria for top event
RECIR are addressed in subsection 6.4.25.

Transient

Transients are initiating events in which there is no break in the reactor coolant system. The
poiential for core damage arises from the loss of heat removal capabilities, resulting in the
loss of primary side inventory through the pressurizer safety valves. The applicable event
trees are:

. Transient with main feeGwater available
. Loss-of-feedwater flow to one steam generator
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Loss-of-feedwater flow to both steam generators
Loss of condenser
Loss of reactor coolant system flow
Core power excursion
Loss of component cooling/service water
Loss of compressed air
Loss-of-offsite power
Aain steam line break downstream of main steam isolation valves
Main steam line break upstream of main steam isolation valves
Main steam line safety valve stuck open

For all the transient initiating events, there are success paths on the event trees when startup
feedwater or passive residual heat removal is available. The verification of these paths is not
addressed by the MAAP4 analyses (refer to Chapter 6). Instead, the MAAP4 analyses start
from the common point in the above event trees, which includes: no main feedwater, no
startup feedwater, no passive residual heat removal, no stuck open pressurizer safety valve,
ans successful reactor trip. With these conditions, the automatic depressurization system
raust be actuated to lower the reactor coolant system pressure to the point that either normal
residual heat removal or in-containment refueling water storage tank gravity drain can provide
long-term cooling for the core. The automatic depressurization system success criteria in most
of the transient event trees are the same. In the loss-of-offsite power event tree, however,
there are separate success criteria case names that represent the same scenarios, in terms of
the MAAP4 analyses. The list below identifies the automatic depressurization system success
criteria for most of the transient events, with the case names for the loss-of-offsite power
event in parentheses

ADIA -- partial depressurization, automatic (ADRA)
ADI -- partial depressurization, manual (ADK)

ADA -- full depressurization, automatic (ADAL, ADAB)
ADT -- full depressurization, manual (ADL., ADB)

Separate analyses are done to support each set of automatic depressurization system Success
criteria. In the partial depressurization cases, only the normal residual heat removal is credited
for long-term heat removal. In the full depressurization cases, either normal residual heat
removal or in-containment refueling water storage tank gravity drain lead to success paths, but
the analyses are performed with the more limiting in-containment refueling water storage tank
gravity drain case. The automatic depressurization system actuation cases credit one core
makeup tank, and take no credit for accumuiators. The manual automatic depressurization
system actuation cases credit one accumulator, and assume that the core makeup tanks have
failed to inject

For the MAAP4 analyses to support the above event trees, the reactor tr:p could be caused
by a variety of signals, due to the different initiating events. Generally, a loss of feedwater
is modeled, and the decreas2 in the steam generator water level is the reactor trip signal
credited. This is the limiting scenario, since the reactor stays at full power for approximately
a minute, while the secondary heat sink starts to deplete. If there were a steamline break, the
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secondary heat sink would also deplete quickly. An additional consideration is that events,
such as core power excursion, will generate extra power that must be removed. For the loss-
of-offsite power event, the reactor coolant pumps trip at the same time that the loss of
feedwater occurs. Sensitivities on the effects of the reactor trip, the depletion of the secondary
side heat sink, and the reactor power level are contained in Section A9.

The transient cases are analyzed until either the normal residual heat removal injects or the
in-containment refueling water storage tank gravity drains into the reactor coolant svstem and
turns around the core temperaure. This does not encompass the final top event on the event
trees, which is recirculation. The succ~ss critria for top event RECIR are addressed in
subsection 6.4.25.

Break Size Definitions

Loss-of-coolant accidents have been sub-divided into different categories for the initiating
events, since the system response is dependent on the size of the break. The definition for
each loss-of-coolant accident initiating event has been given in subsection A.2 and is based
on whether different coolant injection sources can be used without automatic depressurization
system actuation. The ability for coolant to be injected by a particular means, whether by
pumps or gravity drain. is dependent on the reactor coolant system pressure, Table A-2 lists
the reactor coolant system pressure "requirements” for each of the loss-of-coolant accident
categories.
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Baseline Cases Supporting Automatic Depressurization System Success Criteria

The majority of the MAAP4 analyses are focused on the verification of the automatic
depressurization system success criteria. Table A-4 summarizes the automatic depressurization
system success criteria definitions with applicable initiating events. The success criteria are
grouped based on whether the reactor coolant system depressurization is partial or full, and
whether the automatic depressurization system lines are automatically or manually opened.
Partial depressurization cases rely on the normal residual heat removal as the long-term
inventory injection and heat removal source, while full depressurization cases rely on the
in-containment refueling water storage tank g-avity drain for this function. Normal residual
heat removal can also be used in full depressurization cases, but the analyses focus on the in-
containment refueling water storage tank gravity drain, since this is more difficult to achieve,
and thus more limiting for automatic depressurization system success criteria definitions.

Table A-4 was construcied by reviewing the event trees 1o determine where each success
criterion is used. For example, success criterion ADV is used in the SLOCA and steam
generator tube rupture event trees. Success criterion ADV is used in success paths that credit
any ore line from any stage automatic depressurization system, along with one core makeup
tank, passive residual heat removal and normal residual heat removal. Therefore, MAAP4
cases were analyzed for each of the initiating event categories with the system assumptions
based on the event trees. Since the ADV success criterion includes the possibility of a line
being opened from any stage, multiple cases were analyzed to cover each possibility. Stage
two or stage three lines were considered to be one case, since they have the same line size;
the only difference is an additional 2 minute delay from stage two to stage three. MLOCA,
NLOCA success configurations do not include PRHR since the PRHR system is not credited
on the event tree for these LOCA initiating events. Transient initiating events do not include
PRHR since operation of the PRHR resuits in success without depressurization for the non-
LOCA initiating events. For each success criterion, the baseline MAAP4 case and some
supporting cases are listed on Table A-4, and are discussed in the sections below. Results
from all the MAAP4 cases are summarized in Section A9,

The following sections summarize the results from the MAAP4 cases identified in Table A-4.
Subsection A.4.1 addresses automatic depressurization system actuation cases, with one core
makeup tank, no accumulators and including normal residual heat removal. Subsection A 4.2
addresses manual automatic depressurization system actuation cases with no core makeup
tanks, with one accumulator and with normal residual heat removal. Subsection A4.3
addresses automatic depressurization system actuation cases with one core makeup tank, no
accumulators and including in-containment refueling water storage tank gravity drain.
Subsection A 4.4 addresses manual automatic depressurization system actuation cases with no
core makeup tanks, with one accumulator and with in-containment refueling water storage
tank gravity drain. In each section, cases with and without passive residual heat removal are
considered as defined in the event trees. In the manual actuation cases, different operator
action times are considered.
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Possible interactions from other systems have been considered, and are addressed in
subsection A 8.1

Automatic Partial Depressurization for RNS Operation

Initiating cvents addressed by the MAAP4 analyses, except MLOCA (which includes CMT
and SI line breaks), include pathways on the event trees that rely ou "partial” depressurization
by the automatic depressurization system to reduce the reactor coolant system pressure below
the normal residual heat removal shutoff head. MLOCA cases do not require the automatic
depressurizaticn system for normal residual heat removal operation, since the MLOCA break
size has been defined based on allowing normal residual heat removal operation without the
opening of any automatic depressurization system lines. Automatic actuation or the
depressurization system is based on a low core makeup tank level signal. Therefore the
automatic depressurization system valves can be automatically opened only if at least one core
makeup tank injects. Failure of the core makeup tank to inject, which requires operator action
to open the automatic depressurization system valves, is addressed in subsection A.4.2.

This section documents the MAAP4 analyses that define the number of automatic
depressurization system valves that must automatically open for success criteria ADIA,
ADRA, ADU and ADV. The ADIA, ADRA and ADU success criteria represent cases
without the passive residual heat removal, while the ADV success criterion represents cases
with the passive residual heat removal. The goal of these analyses is to verify the minimum
number of automatic depressurization system valves from any stage that will be sufficient to
achieve success.

NLOCA Success Criterion ADU

ADU is the success criterion for automatic partial depressurization for the intermediate LOCA
initiating event. Automatic actuation of the depressurization system requires at least one core
makeup tank to generate the signal on low level, and long-term injection is supplied by at
least one normal RHR pump. The success configuration for success criterion ADU is at least:

e« 2of 2 stage 1 or 1 of 8 stage 2,34 ADS lines.

The assumptions for the baseline case (MAAF4 case x1b) are:

e minimum ADS: 2 stage | lines
* minimum short term injection: 1 CMT
minimum long term injection: 1 RNS pump
e limiting break size and location: 2" diameter cold leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADU are
presented in Tables A-4.1a and A-4.1b. Baseline case x1b results in a peak core temperature
of 1147°F. This case demonstrates substantial margin to the 2200°F acceptance criterion and
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to the temperatures @ which substantial oxidation is expected to occur. Additional supporting
cases are presented ir Tables A-4.1a and A-4.1b which demoastrate that the 2" diameter cold
leg break is the liniting case for success criterion ADU, and that the ADS success
configuration of 2 st ge one lines is more limiting than one stage 2,3 or one stage 4 lines.

SLOCA Success Criterion ADIA

ADI1A is the success criterion for automatic partial depressurization for the small LOCA
initiating event with PRHR failure. Automatic actuation of the depressurization system
requires at least one core makeup tank to generate the signal on low level, and lorg-term
injection is supplied by at least one normal RHR pump. Since the SLOCA initiating event
results in elevated RCS pressures, the stage 4 valves are interlocked out and cannot open
without the successful operation of stages 1, 2 or 3. The success configuration for success
criterion AD1A is at least:

e 2o0f2stage 1 orl of 4stag '3 ADS lines.

The assumptions for the baseline case (MAAP4 case s16k) are:

e minimum ADS: 2 stage 1 lines
e minimum short term injection: 1 CMT
minimum long term injection: 1 RNS pump
* limiting break size and location: 0.5" diameter hot leg break.

The MAAP4 results for the baseline and supporting cases for success criterion AD1A are
presented in Tables A-4.2a and A-4.2b, Baseline case s16k results in a peal. core temperature
of 1284°F. This case demonstrates substantial margin to the 2200°F acceptance criterion and
to the temperatures at which substantial oxidation is expected 10 occur. Additional supporting
cases are presented in Tables A-4.2a and A-4.2b which demonstrate that the (.5 inch diameter
hot leg break is the limiting case for success criterion AD1A, and that the ADS success
configuration of two stage 1 lines is more limiting than one stage 2,3 line.

SLOCA Success Criterion ADV

ADV is the success criterion for automatic partial depressurization for the small LOCA
initiating event with PRHR success. Automatic actuation of the depressurization system
requires at least one core makeup tank to generate the signal on low level, and long-term
injection and heat removal are supplied by at least one normal RHR pump and the PRHR.
Since the PRHR reduces the RCS pressure below the stage 4 valve interlock preccure, stage
4 can open without the successful operation of stages 1, 2 or 3. The success configuraion
for success criterion ADV is at least:

e 1 of 10 stage 1,234 ADS lines.
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The assumptions for the baseline case (MAAP4 case s10) are:

*  minimum ADS: 1 stage 1 line
* minimum short term injection: 1 CMT
minimum long term injection: 1 RNS pump

» successful PRHR operation
* limiting break size and location: 0.5" diameter cold leg break.

The MAAP4 resuits for the baseline and supporting cases for success criterion ADV are
presented in Tables A-4.3a and A-4.3b. Baseline case s10 results in no core uncovery. This
case demonstrates substantial margin to the 2200°F acceptance criterion and to the
temperatures at which substantial oxidation is expected 1o occur. Additional supporting cases
are presented in Tables A-4.3a and A-4.3b. None of the cases result in core uncovery. The
single stage one valve provides the least depressurization capacity, and is considered to be the
limiting case.

SGTR Success Criterion AD1A

ADIA is the success criterion for automatic partial depressurization for the SGTR initiating
event with PRHR failure. Automatic actuation of the depressurization system requires at least
one core makeup tank to generate the signal on low level, and long-term injection is supplied
by at least one normal RHR pump. Since the SGTR initiating event results in elevated RCS
pressures, the stage 4 valves are interlocked out and cannot open without the successful
operation of stages 1, 2 or 3. The success configuration for success criterion ADIA is at
least:

e 2of 2 stage 1 or 1 of 4 stage 2,3 ADS lines.
The assumptions for the baseline case (MAAP4 case glOa) are:
* minimum ADS: 2 stage 1 lines

* minimum short term injection: 1 CMT
minimum long term injectior: 1 RNS pump

* break: SGTR

The MAAP4 results for the baseline and supporting case for success criterion AD1A are
presented in Tables A-4.4a and A-4.4b. Baseline case g10a results in a peak core temperature
of 1109°F. This case demonstrates substantial margin to the 2200°F acceptance criterion and
to the temperatures at which substantial oxidation is expected to occur. Additional supporting
cases are presented in Tables A-4.4a and A-4.4b which demonstrate that the ADS success
configuration of 2 stage one lines is more umiting than one stage 2,3 line.
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SGTR Success Criterion ADV

ADV is the success criterion for automatic partial depressurization for the SGTR initiating
event with PRHR success. Automatic actuation of the depressurization system requires at
least one core makeup tank to generate the signal on low level, and long-term injection and
heat removal are supplied by at least one normal RHR pump and the PRHR. The secondary
side is not isolated, otherwise the depressurization of the PRHR reduces the pressur: below
the secondary relief valve setpoint and the loss of coolant is terminated and the sequence
results in success. Since the PRHR reduces the RCS pressure below the stage 4 valve
interlock pressure, stage 4 can open without the successful operation of stages 1, 2 or 3. The
success configuration for success criterion ADV is at least.

e 1 of 10 stage 1,2,3,4 ADS lines.
The assumptions for the baseline case (MAAP4 case gl1) are:
* minimum ADS: 1 stage 1 line

e minimum short term injection: 1 CMT
minimum long term injection: 1 RNS pump

* successful PRHR operation
e break: unisolated SGTR

The MAAP4 results for the baseline and supporting cases for success criterion ADV are
presented in Tables A-4.5a and A-4.5b. Baseline case gl1 results in no core uncovery. This
case demonstrates substantial margin to the 2200°F acceptance criterion and to the
temperatures at which substantial oxidation is expected to occur. Additional supporting cases
are presented in Tables A-4.5a and A-4.5b. None of the cases result in core uncovery. The
single stage one valve provides the least depressurization capacity, and is considered 1o be the
limiting case.

Transient Success Criteria ADIA and ADRA

ADIA is the suceess criterion for automatic partial depressurization for the non-LOCA
initiating events. ADRA is the equivalent of ADIA for loss of offsite power events.
Automatic actuation of the depressurization system requires at least one core makeup tank o
generate the signal on low level, and long-term injection is supplied by at least one normal
RHR pump. Since the transient initiating events result in elevated RCS pressures, the stage
4 valves are interlocked out and cannot open without the successful operation of stages 1, 2
or 3. The success configuration for success criteria AD1A and ADRA is at least:

e 2of 2 stage ] or 1 of 4 stage 2.3 ADS lines.
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The assumptions for the baseline case (MAAF % case t1) are:
* minimum ADS: 2 stage one lines

¢ minimum short term iajection: | CMT
minimum long term injection: 1 RNS pump

* limiting mniuating event: ioss of main and startup feedwater
(see section A9.5).

The MAAP4 results for the baseline and supporting cases for success criterion AD1A are
presented in Tables A-4.6a and A-4.6b. Baseline case t1 results in a peak core temperature
of 1305°F. This case demonstrates substantial margin to the 2200°F acceptance criterion and
to the temperatures at which substantial oxidation is expecied 1o occur. An additional
supporting case is presented in Tables A-4.6a and A-4.6b which demonstrate that the ADS
success configuration of 2 stage one lines is more limiting than one stage 2,3 line.

Manual Depressurization for RNS Operation

The automatic depressurization system can only be automatically actuated based on a low core
makeup tank level signal. If both core makeup tanks fail to inject water, then it is necessary
for the operator to manually open the automatic depressurization system lines. This is the
scenario addressed in this secton, which covers success criteria AD1, ADUM, ADR and
ADZ. All of the initiating events being addressed by MAAP4 analyses, except MLOCA, use
one of these success criteria. By definition, the MLOCA initiating event can depressurize the
reactor coolant system sufficiently without ADS to allow normal residual heat removal
injection.

When mannal automatic depressurization system actuation is credited, the operator action time
is an uncertainty that must be considered. The operator action time needs to be defined from
a signal that failed to perform its function. For transients, the focus of the ~p2rator is on heat
removal. If both startup feedwater and the passive residual heat removal fail 10 s..ute, the
operator would have the necessary indications that manual action may be needed. This
indication will generally occur for transient initiating events when a low steam generator water
level signal fails to actuate the passive residual heat removal. For loss-of-coolant accidents,
the focus of the operator is on inventory control. The indication that manual actuation may
be needed is when the core makeup tanks fail to inject after a low pressuiizci pressure or low
pressurizer level signal. The core makeup tank actuation signal also produces a passive
residual heat removal actuation signal. Therefore, operator action time for manual automatic
depressurization system actuation could always be referenced from the tme of the passive
residual heat removal actuation signal for all the initiating events. For loss-of-coolant
accidents, this is the same as if the operator action ume is referenced from the core makeup
tank actuation signal.

The human reliability analysis for this action does not credit delay times greater than 30
minutes. Therefore, the baseline sequences only consider the operator action delays for 30
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minutes or less. Cases with longer delay times are included with ali the MAAP4 supporting
analyses in section 49. The core makeup tank actuation signal is used as a starting point to
measure the operator action time, but the core makeup tank fails to inject. Only accumulator
injection is modeled prior to normal residual heat removal injection.

NLOCA Success Criterion ADUM

ADUM is the success criterion for manual partial depressurization for the intermediate LOCA
initizting event. The need for manual actuation of the depressurization system on the event
tree path using ADUM is a result of the failure of both the core makeup tanks which generate
the ADS signal, so short term makeup water is supplied by an accumulator. Long-term
injection is supplied by at least one normal RHR pump. The success configuration for success
criterion ADUM is at least:

e 2of 2 stage 1 or 1 of 8 stage 2,34 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case xh2) are:

* minimum ADS: 2 stage 1 lines
* minimum short term injection: I accumulator
minimum long term injection: 1 RNS pump
e operator delay time: 15 minutes after CMT signal
* limiting break size and location: 2" diameter cold leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADUM are
presented in Tables A-4.7a and A-4.7b. Baseline case x2h results in a peak core temperature
of 1127°F. This case demonstrates substantial margin to the 2200°F acceptance criterion and
to the temperatures at which substantial oxidation is expected to occur. Additional supporting
cases are presented in Tables A-4.7a and A-4.7b which demonstrate that the 2" diameter break
is the limiting case for success criterion ADUM with little sensitivity to the break location.
The ADS success configuration of 2 stage one lines is more limiting than one stage 2/3 or one
stage 4 lines. The operator action delay time of 15 minutes produces a higher peak
temperature than the 30 minute delay since the o cay heat is higher at the earlier time and the
core uncovery occurs as a result of the depressurization.

SLOCA Success Criterion AD1

AD]1 is the success criterion for manual partial depressurization for the small LOCA initiating
event with PRHR failure. The need for manual actuation of the depressurization system on
the event tree path using AD1 is a result of the failure of both the core makeup tanks which
generate the ADS signal, so short termn makeup water is supplied by an accumulator. Long-
term injection is supplied by at least one normal RHR pump. The small LOCA initiating
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event results in an elevated RCS pressure above the interlock pressure of the stage 4 ADS
valves, however, the interlock can be manually overridden to open stage 4. The success
configuration for success criterion AD1 is at least:

e 2o0f 2 stage 1 or 1 of B stage 2,34 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case s19b2) are:

e minimum ADS: 2 stage 1 lines
* mimimum short term injection: 1 accumulator
minimum long term injection: 1 RNS pump
* operator delay time: 15 minutes after CMT signal
e limiting break size and location: 0.5" diameter hot leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADI1 are
presented in Tables A-4.8a and A-4.8b. Baseline case s19b2 results in 2 peak core
temperature of 1266°F. This case demonstrates substantial margin to the 2200°F acceptance
criterion and to the temperatures at which substantial oxidation is expected to occur.
Additional supporting cases are presented in Tables A-4.8a and A-4.8b which demonstrate that
the 0.5" diameter break is the limiting case for success criterion ADI with little sensitivity 10
the break location. The ADS success configuration of 2 stage one lines is more limiting than
one stage 2/3 or one stage 4 lines. The operator action delay time of 15 minutes produces a
higher peak temperature than the 30 minute delay since the decay heai is higher at the earlier
ume and the core uncovery occurs as a result of the depressurization.

SLOCA Success Criterion ADZ

ADZ is the success criterion for manual partial depressurization for the small LOCA initiating
event with PRHR success. The need for manual actuation of the depressurization system on
the event tree path using ADZ is a result of the failure of both the core makeup tanks which
generate the ADS signal, so short term makeup water is supplied by an accumulator. Long-
term injection is supplied by at least one normal RHR pump. The small LOCA initiating
event results in an elevated RCS pressure above the interlock pressure of the stage 4 ADS
valves, however, the interlock can be manually overridden to open stage 4. The success
configuration for success criterion ADZ is al least:

e 1 of 10 stage 1,2,3.4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case s13a) are:

e  mimimum ADS: 1 stage 1 lines
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* minimum short term injection 1 accumulator
minimuimn long term injection I RNS pump

» successful PRHR operation
* operator delay time 15 minutes after CMT signal
« limiting break size and location (.5" diameter cold leg break

The MAAP4 results for the baseline and supporting cases for success criterion ADZ are
presented in Tables A-4.9a and A-4.9b. Baseline case s13a results in no core uncovery. This
case demonstrates substential margin 10 the 2200°F acceptance criterion and to the
temperatures at which substantial oxidation is expected to occur. Additional supporting cases
are presented in Tables A-4.9a and A-4.9b which demonstrate that none of the cases result in
core uncovery. The ADS success configuration of 1 stage one line is assumed to be more
limiting than one stage 2/3 or one stage 4 lines since it is the smallest line. The operator
action delay time of 15 minutes is assumed to be the most limiting since it results in an eariier
core uncovery and higher decay heat

SGTR Success Criterion ADI]

AD1 is the success criterion for manual partial depressurization for the SGTR initiating event
with PRHR failure. The need for manual actuation of the depressurization system on the
event tree path using ADI1 is a result of the failure of both the core makeup tanks which
generate the ADS signal, so short term makeup water is supplied by an accumulator. Long-
term injection is supplied by at least one normal RHR pump. The SGTR initiating event
results in an elevated RCS pressure above the interlock pressure of the stage 4 ADS valves,
however, the interlock can be manually overridden to open stage 4. The success configuration

for succese criterion AD] is at least

« 2of 2stage 1 or 1 of 8 stage 2.3,4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case gl2d) are

)

* minimum ADS stage 1 lines

*  minimum short term njection accumulator

minimum long term injection: 1 RNS pump
e Operator delay tme 15 minutes after CMT signal
s break SGTR

The MAAP4 results for the baseline and supporting cases for success criterion AD! are
presented in Tables A-4.10a and A-4.10b. Baseline case gl2d results in a peak core
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temperature of 1034°F. This case demonstrates substantial margin to the 2200°F acceptance
criterion and to the temperatures at which substantial oxidation is expected to occur.
Additional supporting cases are presented in Tables A-4.10a and A-4.10b which demonstrate
that the ADS success configuration of 2 stage one lines is the most limiting. The operator
action delay time of 15 minutes produces a higher peak temperature than the 30 minute delay
since the decay heat is higher at the earlier time and the core uncovery occurs as a result of
the depressurization.

SGTR Success Criterion ADZ

ADZ is the success criterion for manual partial depressurization for the SGTR initiating event
with PRHR success. The need for manual actvation of the depressurization system on the
event tree path using ADZ is a result of the failure of both the core makeup tanks which
generate the ADS signal, so short term makeup water is supplied by an accumulator. Long-
term injection is supplied by at least one normal RHR pump. The secondary side is not
isolated, otherwise the depressurization of the PRHR reduces the pressure below the secondary
relief valve setpoint and the loss of coolant is terminated and the sequence results in success.
The SGTR initiating event results in an elevated RCS pressure above the interlock pressure
of the stage 4 ADS valves, however, the interlock can be manually overridden to open stage
4. The success configuration for success criterion ADZ is at least:

» 1 of 10 stage 1,2,3,4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case gl3) are:
* minimum ADS: 1 stage 1 lines

* minimum short term injection: 1 accumulator
munimum long term injection: 1 RNS pump

e operator delay time: 15 minutes after CMT signal
e break: unisolated SGTR

The MAAP4 results for the baseline and supporting cases for success criterion ADZ are
presented in Tables A-4.11a and A-4.11b. Baseline case g13 results in no core uncovery.
This case demonstrates substantial margin to the 2200°F acceptance criterion and to the
temperatures at which substantial oxidation is expected to occur. Additional supporting cases
are presented in Tables A-4.92 and A-4.9b which demonstrate that none of the cases result in
core uncovery. The ADS success configuration of 1 stage one line is assumed to be more
limiting than one stage 2/3 or one stage 4 lines since it is the smallest line. The operator
action delay time of 15 minutes is assumed to be the most limiting since will result in an
carlier core uncovery.
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A4l

A43

Transient Success Criteria AD1 and ADR

AD] is the success criterion for manual partial depressurization for the transient initiating
events. ADR is the equivalent success criteria as AD1 for loss of offsite power. The need
for manual actuation of the depressurization system on the event tree path using AD1 is a
result of the failure of both the core makeup tanks which generate the ADS signal, so short
term makeup water is supplied by an accumulator. Long-term injection is supplied by at least
one normal RHR pump. The transient initiating events result in an elevated RCS pressure
above the interlock pressure of the stage 4 ADS valves, however, the interlock can be
manually overridden to open stage 4. The success configuration for success criterion AD1
and ADR is at least:

e 2of 2 stage 1 or 1 of 8 stage 2,3,4 ADS lines
maximum operator action delay of 30 minutes after the PRHR signal

The assumptions for the baseline case (MAAP4 case t3h) are:
* minimum ADS: 2 stage 1 lines

¢ minimum short term injection: 1 accumulator
minimum long term injection: 1 RNS pump

* operator delay time: 15 minutes after PRHR signal

¢ limiting initiating event: loss of main and startup feedwater
(see section A.9.5).

The MAAP4 results for the baseline and supporting cases for success criterion AD] are
presented in Tables A-4.12a and A-4.12b. Baseline case t3h results in a peak core
temperature of 1280°F. This case demonstrates substantial margin to the 2200°F acceptance
criterion and to the temperatures at which substantial oxidation is expected to occur.
Additional supporting cases are presenied in Tables A-4.12a and A-4.12b which demonstrate
that the ADS success configuration of 2 stage one lines is more limiting than one stage 2,3
or one stage 4 lines. The operator action delay time of 15 minutes produces a higher peak
temperature than the 30 minute delay since the decay heat is higher at the earlier time and the
core uncovery occurs as a result of the depressurization.

Automatic Depressurization for IRWST Gravity Drain

Initiating events addressed by the MAAP4 analyses include "full” depressurization pathways
on the event trees that reduce the reactor coolant system pressure so that in-containment
refueling water storage tank gravity drain can occur. Automatic actuation of the automatic
depressurization system is based on a low core makeup tank level signal. Therefore the
automatic depressurization system valves can be automatically opened only if at least one core
makeup tank injects. Failure of the core makeup tank to inject, requiring manual action to
open the automatic depressurization system lines, is addressed in subsection A4 4.

May 31, 1995
@mm’” . A-27 o



DRAFT

A. MAAP4 Analyses to Support Success Criteria

This section documents the MAAP4 analyses that define the number of automatic
depressurization system lines that must automatically open for success criteria ADAB, ADAL,
ADA, ADS and ADM. The ADAB, ADAL, ADA and ADM success criteria represent ¢ se”
without the passive residual heat removal, while case ADS includes passive residual hat
removal. The goal of these analyses is to identify the munimum number of ADS lines that
must open to allow gravity injection and achieve success.

A43.] MLOCA Success Criterion ADM
ADM is the success criterion for automatic full depressurization for the medium LOCA
initiating event. Automatic actuation of the depressurization system requires at least one core
makeup tank to generate the signal on low level, and long-term injection is supplied by at
least one line of gravity injection. The success configuration for success criterion ADM is
at least:
e 2 of 4 stage 4 ADS lines.
The assumptions for the baseline case (MAAP4 case m3g4) are:
e minimum ADS: 2 stage 4 lines
e containment isolation failure
* minimum short term injection: 1 CMT

minimum long term injection: 1 gravity injection line

¢ limiting break size and location: 5" diameter cold leg break.
The MAAP4 results for the baseline and supporting cases for success criterion ADM are
presented in Tables A-4.13a and A-4.13b. Baseline case m3g4 results in no core uncovery
This case demonstrates substantial margin to the 2200°F acceptance criterion and to the
temperatures at which substantial oxidation is expected to occur. Additional supporting cases
with variations in break size and location are presented in Tables A-4.13a and A-4.13b which
also result in no core uncovery,

Ad43.2 NLOCA Success Criterion ADM
ADM is the success criterion for automatic full Jepressurization for the intermediate LOCA
initiating event. Automatic actuation of the depressurization <ystem requies at least one core
makeup tank to generate the signal on low level, and long-term injection is supplied by at
least one gravity injection line. The success configuration for success criterion ADM is at
least:
e 2 of 4 stage 4 ADS lines.
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AL33

The assumptions for the baseline case (MAAP4 case x3d4) are:
* minimum ADS: 2 stage 4 lines

« containment isolation failure

¢ minimum short term injection: 1 CMT
minimum long term injection: 1 gravity injection line
¢ limiting break size and location: 2" diameter hot leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADM are
presented in Tables A-4.14a and A-4.14b. Baseline case x3d4 results in a peak core
temperature of 956°F. This case demonstrates sv!stantial margin to the 2200°F acceptance
aiterion and to the temperatures at which & /Hstantial oxidation is expected to occur.
Additional supporting cases are presented in Tahles A-4.14a and A-4.14b which demonstrate
tat the 2" diameter hot leg break is the limiting case for success criterion ADM.

SLOCA Success Criterion ADA

ADA is the success criterion for automatic fu"! #=prese=ization for the small LOCA initiating
event with PRHR failure. Automatic actuat': o o . [ ressurization system requires at least
one core makeup tank to generate the signal uii «uw .o vel, and long-term injection is supplied
by at least one gravity injection line. Since the SLOCA initiating event results in elevated
RCS pressures, the stage 4 valves are interlocked out and cannot open without the successful
operation of stages 1, 2 or 3. The success configuration for success criterion ADA is at least:

* 3 of 4 stage 2,3 ADS lines, or
1 of 4 stage 2,3 and 1 of 4 stage 4 ADS lines.

The assumptions for the baseline case (MAAP4 case s112) are:
* minimum ADS: 3 stage 2.3 lines

e containment isolation failure

* minimum short term injection: 1 CMT
minimum long term injection: 1 gravity injection lir2
* limiting break size and location: 1.75" diameter cold leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADA are
presented in Tables A-4.15a and A-4.15b. Baseline case s1t2 results in a peak core
temperature of 1534°F. This case demonstrates substantial margin to the 2200°F acceptance
criterion, but sensitivity cases with minimum gravity injection flow and minimum CMT flow
are performed to assure that rapid cladding oxidation does not occur and drive the temperature
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heyond the limit. Reasonable limits on the short-term and )or  {erm injection flows do not
resolt ie vignificant peak temperature differences. Additional supporting cases are presented
in Tables *-4.15a and A-4.15b which demonstrate that the 1.75 inch diameter cold leg break
is the limiting Casc for success criterion ADA, and that the ADS success configuration of 3
stage 2,3 lines is more limiting than one stage 2,3 and one stage 4 lines.

2434 SLOCA Success Criterion ADS

ADS is the success criterion for automatic full depressurization for the small LOCA initiating
event with PRHR success. Automatic actuation of the depressurization system requires at
least one core makeup tank to generate the signal on low level, and long-term injection and
heat removal are supplied by at least one gravity injection line and the PRHR. Since the
PRHR reduces the RCS pressure below the stage 4 valve interlock pressure, stage 4 can open
without the successful operation of stages 1. 2 or 3. The success configuration for success
criterion ADS is at least:

* 3 of 4 stage 2,3 ADS lines or
1 of 4 stage 4 ALS lines.

The assumptions for the baseline case (MAAP4 case s4z) are:
e minimum ADS: 3 stage 2,3 lines
e Containment isolation failure

e minimum short term injection: 1 CMT
minimum long term injection: | gravity injection line

* successful PRHR operation
e limiting break size and location: 1.75" diameter hot leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADS are
presented in Tables A-4.16a and A-4.16b. Baseline casc s4z results in a peak core
temperature of 1251°F. This case demonstrates substantial margin to the 2200°F acceptance
criterion and to the temperatures at which substantial oxidation is expected to occur.
Additional supporting cases are presented in Tables A-4.16a and A-4.16b. The analyses show
that the 1.75 inch diameter break is the limiting break size. The analyses show little
sensitivity to break location. The 3 stage 2,3 ADS line configuration is more limiting than
the | stage 4 line.

An interesting result of these analyses is that the smallest of the SLOCA break sizes with
operational PRHR has lower peak temperatures with no containment isolation. This occurs
because the PRHR is able to remove more heat at the lower pressures and temperatures in the
containment, and the heat removal compensates for the difficulty in gravity injection at the
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lower pressures. The same effect is not seen at the larger end of the break range since the
PRHR is not as ericctive at the lower pressures in th: RCS.

Ad43.5 SGTR Success Criterion ADAG

ADAG is the success criterion for automatic full depressurization for the SGTR initiating
event with PRHR failure. Automatic actuation of the depressurization system requires at least
one core makeup tank to generate the signal on low level, and long-term injection is supplied
by at least one gravity injection line. Since the SGTR initiating event results in elevated RCS
pressures, the stage 4 valves are interlocked out and cannot open without the successful
operation of stages 1, 2 or 3. The success configuration for success criterion ADAG is at
least:

e ] of 4 stage 2,3 and 1 of 4 stage 4 ADS lines.

The assumptions for the baseline case (MAAP4 case glde) are:
e  minimum ADS: 1 stege 3 ard 1 stage 4 line
* containment isolation failure

¢ minimum short term injection: 1 CMT
minimum long term injection: 1 gravity injection line

* break: SGTR

The MAAP4 results for the baseline case for success criterion ADAG is presented in Tables
A-4.17a and A-4.17b. Baseline case glde results in a peak core temperature of 685°F. This
case demonstrates substantial margin to the 2200°F acceptance criterion and to the
temperatures at which substantial oxidation is expected to occur.

Adl6 SGTR Success Criterion ADS

ADS is the success criterion for automatic full depressurization for the SGTR initiating event
with PRHR success. Automatic actuation of the depressurization system requires at least one
core makeup tank to generate the signal on low level, and long-term injection and heat
removal are supplied by at least one gravity injection line and the PRHR. The secondary
side is not isolated, otherwise the depressurization of the PRHR reduces the pressure below
the secondary relief valve setpoint and the loss of coolant is terminated and the sequence
results in success. Since the PRHR reduces the RCS pressure below the stage 4 valve
interlock pressure, stage 4 can open without the successful operaiion of stages 1, 2 or 3. The
success configuration for success criterion ADS is at least:

e 3 of 4 stage 2,3 ADS lines or
1 of 4 stage 4 ADS lines.
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The assumptions for the baseline case (MAAP4 case g15) are:
* minimum ADS: 3 stage 2,3 lines
¢ containment isolation failure

¢ minimum short term injection: 1 CMT
minimum long term injection: 1 gravity inj :iction line

* successtul PRHR operation
¢ break: unisolated SGTR.

The MAAP4 results for the baseline and supporting cases for success criterion ADS are
presented in Tables A-4.18a and A-4.18b. Baseline case s4z results in no core uncovery.
This case demonstrates substantial margin to the 2200°F acceptance criterion and to the
temperatures at which substantial oxidation is expected to occur. Additional supporting cases
are presented in Tables A-4.18a and A-4.18b, and none result in core uncovery.

Transient Success Criteria ADA, ADAL, ADAB

ADA is the success criterion for automatic full depressurization for the non-LOCA initiating
events. ADAL and ADAB are the equivalent success criteria for loss of offsite power and
station blackout, respectively. Automatic actuation of the depressurization system requires at
least one core makeup tank to generate the signal on low level, and long-term injection is
supplied by at least one gravity injection line. Since the transient initiating events result in
elevated RCS pressures, the stage 4 valves are interlocked out and cannot open without the
successful operation of stages 1, 2 or 3. The success configuration for success criteria ADA,
ADAL and ADAB is at least:

* 3 of 4 stage 2,3 ADS lines, or
1 of 6 stage 1,23 and 1 of 4 stage 4 ADS lines.

The assumptions for the baseline case (MAAP4 case t51) are:
* minimum ADS: 3 stage 2.3 lines
e containment isolation failure

e minimum short term injection: 1 CMT
minimum long term injection: 1 gravity injection line

¢ lir iting initiating event: loss of main and startup feedwater
(see section A.9.5).
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The MAAP4 results for the baseline and supporting cases for success criterion ADA are
presented in Tables A-4.19a and A-4.19b. Baseline case (5t results in a peak core temperature
of 1262°F. This case demonstrates substantial margin to the 2200°F acceptance criterion and
to the temperatures at which substantial oxidation is expected o occur. Additional supporting
cases are presented in Tables A-4.19a and A-4.19b which demonstrate that the ADS success
configuration of 3 stage 2,3 lines is more limiting than one stage 1 and one stage 4 lines.

Manual Depressurization for IRWST Gravity Drain

The automatic depressurization system can only be automatically actuated based on a low core
makeup tank level signal. If both core makeup tanks fail to inject water, then it is necessary
for the operator to manually open the automatic depressurization system lines. This is the
scenario addressed in this section, which covers success criteria for ADB, ADL, ADT, and
ADQ. The MLOCA, NLOCA, SLOCA, SGTR and transient initiating events use these
success criteria.

When manual automatic depressurization system actuation is credited, the operator action time
is an uncertainty that must be ronsidered. The operator action time needs to be defined from
a signal that failed to perforr .ts function. For transients, the focus of the operator is on heat
removal. If both startup feedwater and the passive residual heat removal fail to initiate, the
operator would have the necessary indications that manual action may be needed. This
indication will generally occur for transient initiating events when a low steam generator water
level signal fails to actuate the passive residual heat removal. For loss-of-coolant accidents,
the focus of the operator is on inventory control. The indication that manual actuation may
be needed is when the core makeup tanks fail to inject after a low pressurizer pressure or low
pressurizer level signal. The core makeup tank actuation signal aiso produces a passive
residual heat removal actuation signal. Therefore, operator action time for manual automatic
depressurization system actuation could always be referenced from the time of the passive
residual heat removal actuation signal for all the initiating events. For loss-of-coolant
accidents, this is the same as if the operator action time is referenced from the core makeup
tank actuation signal.

The event tree quantification does not credit delay times greater than 30 minutes. Therefore,
the baseline sequences only consider the operator action delays for 30 minutes or less. Cases
with longer delay times are included with all the MAAP4 supporting analyses in section 4.9.
The core makeup tank actuation signal is used as a starting point to measure the operator
action time, but the core makeup tank fails to inject. Only accumulator injection is modeled
prior to normal residual heat removal injection.

MLOCA Success Criterion ADQ

ADQ is the success criterion for manual full depressurization for the medium LOCA initiating
event. The need for manual actuation of the depressurization system on the event tree path
using ADQ is a result of the failure of both the core makeup tanks which generate the ADS
signal, so short term makeup water is supplied by an accumulator. Long-term injection is
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supplied by at least one gravity injection line. The success configuration for success criterion
ADQ is at least;

e 2 of 4 stage 4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case m6eS) are:
e minimum ADS: 2 stage 4 lines

e containment isolation failure

e minimum short term injection: 1 accumulator

minimum long term injection: 1 gravity injection line
* operator delay time: 30 minutes after CMT signal
* limiting break size and location: 8.75" diameter hot leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADQ are
presented in Tables A-4.20a and A-4.20b. Baseline case mo6e5 results in a peak core
temperature of 1554°F. This case demonstrates substantial margin to the 2200°F acceptance
criterion, but sensitivity cases with minimum gravity injection flow and minimum accumulator
flow are performed to assure that rapid cladding oxidation does not occur and drive the
temperature beyond the limit. Reasonable limits on the short-term and long-term injection
flows do not result in significant peak temperature differences. Additional supporting cases
are presented in Tables A-4.20a and A-4.20b which demonstrate that the 8.75" diameter hot
leg break is the limiting case for success criterion ADQ. The operator action delay time of
30 minutes produces a higher peak temperature than a 15 minute delay since the core is
uncovered prior to depressurization and the longer uncovery time produces higher
temperatures. For time delays less than 25 minutes, the core temperature is less than 1200°F.

NLOCA Success Criterion ADQ

ADQ is the success critenon for manual full depressurization for the intermediate LOCA
initiating event. The need for manual actuation of the depressurization system on the event
tree path using ADQ is a result of the failure of both the core makeup tanks which generate
the ADS signal, so short term makeup water is supplied by an accumulator. Long-term
injection is supplied by at least one gravity injection line. The success configuration for
success criterion ADQ is at least:

» 2 of 4 stage 4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal
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The assumptions for the baseline case (MAAP4 case x4g) are
e minimum ADS 2 stage 4 lines

e containment isolation failure

* minimum short term injection 1 accumulator

minimum long term injection 1 gravity injection line
¢ operator delay tme 30 minutes after CMT signal
¢ limiting break size and location 475" diameter hot leg break

e MAAP4 results for the baseline and supporting cases for success criterion ADQ are
presented in Tables A-4.2la and A-4.21b. Baseline case x4g results in a peak core
temperature of 969°F. This case demonstraies substantial margin to the 2200°F acceptance
criterion and to temperatures at which rapid oxidation of the cladding is expected to occur
Additional supporting cases are presented in Tables A-4.21a and A-4.21b which demonstrate
that the 4.75" diameter break is the limiting case for success criterion ADQ. The operator
action delay time of 30 minutes produces a higher peak temperature than the 15 minute delay
since the core is uncovered prior to depressurization and the longer uncovery time produces
higher temperatures. Hot leg break is assumed o0 be the limiting break location based on the
results of MAAP4 analyses for ADQ MLOCA presented in section A 4.4.1 which produces
similar results

SLOCA Soccess Criterion ADT (PRHR Failure)

ADT is the success criterion for manual full depressurization for the small LOCA initiating
event with PRHR failure. The need for manual actuation of the depressurization system on
the event tree path using ADT is a result of the failure of both the core makeup tanks which
generate the ADS signal, so short term makeup water is supplied by an accumulator. The
small LOCA event results in a RCS pressure that is higher than the ADS stage 4 interlock
pressure, however the interlock can be manually overridden to open stage 4 valves without
first opening stage 1,2,0r 3 ADS lines. Long-term injection is supplied by at least one gravity
injection line. The success configuration for success criterion ADT is at least

. 2 of 4 stage 4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case sbad) are

*  minimum ADS 2 stage 4 lines
e containment isolation failure
e  minimum short ierm injection | accumulator
m \12‘_\ 31, 1995
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minimum long term injection: 1 gravity injection line
e operator d lay time: 15 minutes after CMT signal
* limiting break size and location: 0.5" diameter cold leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADT are
presented in Tables A-4.22a and A-4.22b. Baseline case s6a4 results in no core uncovery.
This case demonstrates substantial margin to the 2200°F acceptance criterion and to
temperatures ai which rapid oxidation of the cladding is expected to occur. Additional
supporting cases are presented in Tables A-4.22a and A-4.22b which demonstrate that the 0.5"
diameter break is the limiting case for success criterion ADT. The operator action delay time
of 15 minutes is assumed to be more limiting than the 30 minute delay (although neither
uncovers the core) since any potential core uncovery would occur after ADS, and decay heat
is higher at the earlier time.

Ad444  SLOCA Success Criterion ADT (PRHR Success)

ADT is the success criterion for manual full depressurization for the small LOCA initiating
event with PRHR success. The need for manual actuation of the depressurization system on
the event tree path using ADT is a result of the failure of both the core makeup tanks which
generate the ADS signal, so short term makeup water is supplied by accumulator. Long-term
injection is supplied by at least one gravity imjection line. The success configuration for
success criterion ADT is at least:
* 2 of 4 stage 4 ADS lines

maximum operator action delay of 30 miuutes after the CMT signal
The assumptions for the baseline case (MAAP4 case sBad) are:
e minimum ADS: 2 stage 4 lines
e containment isolation failure
* minimum short term injection: 1 accumulator

minimum long term irjection: 1 gravity injection line
* operator deley time: 15 minutes after CMT signal
e limiting b-eak size and location: 0.5" diameter cold leg break.
The MAAP4 results for the baseline and supporting cases for success criterion ADT are
presented in Tables A-4.23a and A-4.23b. Baseline case s8a4 results in no core uncovery.
This case demonstrates substantial margin to the 2200°F acceptance criterion and to
temperatures at which rapid oxidation of the cladding is expected 10 occur. Additional
supporting cases are presented in Tables A-4.23a and A-4.23b which demonstrate that the 0.5"
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Ad46

diameter break is th. limiting case for success criterion ADT. The operator action delay time
of 15 minutes is assumed to be more limiting than the 30 minute delay (although neither
uncovers the core) since any potential core uncovery would occur after ADS, and decay heat
is higher at the eariier time.

SGTR Success Criterion ADT (PRHR Failure)

ADT is the success criterion for manual full depressurization for the SGTR initiating event
with PRHR failure. The need for manual actuation of the depressurization system on the
event tree path using ADT is a result of the failure of both the core makeup tanks which
generate the ADS signal, so short termn makeup water is supplied by an accumulator. The
SGTR event results in a RCS pressure that is higher than the ADS stage 4 interlock pressure,
however the interlock can be manually overridden to open stage 4 valves without first opening
stage 1,2,0or 3 ADS lines. Long-term injection is supplied by at least one gravity injection
line. The success configuration for success criterion ADT is at least:

e 2 of 4 stage 4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

The assumptions for the baseline case (MAAP4 case g16) are:
e minimum ADS: 2 stage 4 lines
* containment isolation failure

e minimum short term injection: 1 accumulator
minimum long term injection: 1 gravity injection line

e operator delay time: 15 minutes after CMT signal
e break: SGTR.

The MAAP4 results for the baseline and supporting cases for success criterion ADT are
presented in Tables A-4.24a and A-4.24b. Baseline case g16 results in no core uncovery.
This case demonstrates substantial margin to the 2200°F acceptance criterion and to
temperatures at which rapid oxidation ol the cladding is expected to occur. An additional
supporting case is presented in Tables A-4.24a and A-4.24b which presents the 30 minute
operator action delay. The operator action delay time of 15 minutes is assumed to be more
limiting than the 30 minute delay (although neither uncovers the core) since any potential core
uncovery would occur after ADS, and decay heat is higher at the carlier time.

SGTR Success Criterion ADT (PRHR Success)
ADT is the success criterion for manual full depressurization for the SGTR initiating event

with PRHR success. The need for manual actuation of the depressurization system on the
event tree path using ADT is a result of the failure of both the core makeup tanks which
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generate the ADS signal, so short term makeup water is supplied by accumulator. Long-term
injection is supplied by at least one gravity injection line. The secondary side is not 1solated
otherwise the depressurization of the PRHR reduces the pressure below the secondary relief
valve setpoirt and the loss of coolant is terminated and the sequence results in success. The

success configuration for success criterion ADT is at least

' of 4 stage 4 ADS lines
maximum operator action delay of 30 minutes after the CMT signal

he assumptions for the baseline case (MAAP4 case gl17) arc
minimum ADS stage 4 lines
containment 1solaton falure

minimum short term injecton: 1 accumulator
minimum long term injection: 1 gravity injection line

operator delay time 1S minutes after CMT signal

hreak unisolated SGTR

The MAAP4 results for the baseline and supporting cases for success criterion ADT are
presented in Tables A-4.25a and A-4.25b. Baseline case g17 results in no core uncover
This case demonstrates substantial margin to the 2Z200°F acceptance criterion and (o
temperatures at which rapid oxidation of the cladding is expected to occur. An additional
upporting case is presented in Tables A-4.25a and A-4.25b which presents the 30 minute
operator delay which does not result in core uncovery. The operator action delay time of 15
minutes is assumed to be more limiting than the 30 minute delay (although neither uncovers

the core) since any potential core uncovery would occur after ADS, and decay heat is highe

at the earher um
[ ransient Success Criterion AD'T

ron for manual full depressurizaton for the transient imtaung events
tuation of the depressurization system on the event tree path using

failure of both the core makeup tanks which generate the ADS signal
vater 18 supplied by accumulator ong-te jection is supplied by
line. The success configuration for suc n ADT is al
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The assumptions for the baseline case (MAAP4 case t9a3) are:

* minimum ADS: 2 stage 4 lines

* containment isolation failure

e minimum short term injection: 1 accumulator

minimum long term injection: 1 gravity injection line
e operator delay time: 15 minutes after PRHR signal
¢ limiting break size and location: 0.5" diameter cold leg break.

The MAAP4 results for the baseline and supporting cases for success criterion ADT are
presented in Tables A-4.26a and A-4.26b. Baseline case t9a3 results in no core uncovery.
This case demonstrates substantial margin t0 the 2200°F acceptance criterion and to
temperatures at which rapid oxidation of the cladding is expected o0 occur. Additional
supporting cases are presented in Tables A-4.26a and A-4.26b which demonstrate that the
operator action delay time of 15 minutes is more limiting than the 30 minute delay since any
potential core uncovery occurs after ADS, and decay heat is higher at the earlier time.

A4S ADS Manual Actuation for Failure of Automatic Actuation

The focus of the automatic depressurization system success criteria with at least one functional
CMT is for automatic actuation, operator action is also credited in the event trees if the
automatic depressurization system valves fail to open when the low core makeup tank level
setpoint is reached. MAAP4 analyses of the automatic ADS baseline cases with delayed
operation, presented in Table A-4.27a and A-4.27b, show the acceptable operator action time
for most sequences after the low core makeup tank level setpoint is 30 minutes. The one
exception is the small LOCA full depressurization case with PRHR failure (criterion ADA).
This case is guantified at the cutset level such that failure of the automatic actuation of the
ADS for small LOCA full depressurization results in core damage.

AS Accumulator and Core Makeup Tank Success Criteria

The success criteria for the accumulator and core makeup tank systems is that one of the tanks
will inject water when the system actuation requirements are met. In the structure of the event
trees, either accumulators or core makeup tanks are credited (but not both) for any given
success path. The MAAP4 analyses to suppon the automatic depressurization System success
criteria have also supported the accumulator and core makeup tank success criteria by
modeling only one accumulator or one core makeup tank in the baseline analyses presented
in section A 4 (subsection A.8.1 includes a discussion of analyses that assumed more than one
core makeup tank or accumulator.) The accumulator success criteria that are addressed by
MAAP4 analyses are ACIA and AC2AB. The core makeup tank success criteria that are

May 31, 1995
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addressed by MAAP4 analyses are CM1A, CM2AB, CM2L, CM2P, and CM2SL. However,
success criteria AC2AB and CM2AB are not addressed by MAAP4 analyses for large loss-of-
coolant accident and ATWS events, respectively.

In the core makeup tank success criteria, the core makeup tank is assumed to automatically
actuate based on the core makeup tank actuation signals. (The core makeup tank actuation
signals credited in MAAP4 analyses are listed in subsection A.1.2.) However, if automatic
actuation fails, credit is taken if the operator is able to take action within a certain period of
time. Results from the MAAP4 analyses determine what the acceptable time delay is. Table
A-4 28aand A-4.28b present the MAAP4 baseline case results with successful CMT operation
analyzed with the actuation of the CMT delayed by the maximum time credited in the event
tree analysis.

The MLOCA event, because it causes the most immediate need for coolant inventory makeup,
is the most restrictive of the analyses performed with MAAP4 regarding the acceptable delay
in core makeup tank actuation. Smaller break sizes in the reactor coolant system result in
slower loss of inventory, and thus longer delays in makeup inventory from the core makeup
tank may be acceptable. When a MLOCA occurs, the core makeup tank actuation signal
occurs within the first few seconds of the accident. The core makeup tank level is maintained
for approximately S minutes while the core makeup tank operates in a recirculation mode.
In the recirculation mode, the cold water is injected to the downcomer through the direct
vessel injection line, and the warmer water recirculates from the cold leg through the balance
line 1o the top of the core makeup tank, maintaining core makeup tank level. When the top
of the balance line uncovers, the recirculation mode ends, and the core makeup tank injects
quickly. Therefore, while the core makeup tank is in the recirculation mode, it is not
providing substantial coolant inventory make-up to the reactor coolant system. MAAP4
analyses show successful MLOC A results when the core makeup tank actuation is delayed by
up to 10 minutes.

The acceptable delay in the opening <f the core makeup tank isolation valves, from the time
of the actuation signal, is as follows:

Medium loss-of-coolant accident - 10 minutes
Intermediate loss-of-coolant accident - 10 minutes
Small loss-of-coolant accident - 20 minutes
Steam generator tube rupture - 30 minuies
Transients - 30 minutes

The one exception to these times is the SGTR full automatic depressurization case with PRHR
failure. This case will be quantified at the cutset level such that failure of automatic actuation
of the CMT will lead to core damage.
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A6

A7

Passive Residual Heat Removal Success Criteria

The success criteria for the passive residual heat removal system is that one-out-of-two passive
residual heat removal hedt exchangers will function. The MAAP4 analyses for SLOCA and
steam generator tube rupture with automatic depressurization system actuation have included
cases that credit passive residual heat removal. The success criteria that are addressed by
MAAP4 analyses are PRL and PRS. System responses from analyses that include the
operation of the passive residual heat removal heat exchanger are discussed in subsections
Ad413, A415 A423 A425 A434 A436,A444 and A446.

In the passive residual heat removal success criteria, passive residual heat removal is assumed
to automatically actuated based on the passive residual heat removal actuation signals. (The
passive residual heat removal actuation signals credited in MAAP4 analyses are listed in
subsection A.1.2.) However, if automatic actuation fails, credit is taken if the operator is able
to take action within a certain period of ime. Results from the MAAP4 analyses determine
that 30 minutes is an acceptable time delay to credit in the event tree analysis. Table A-4.29a
and A-4.29b present the MAAP4 results of baseline cases with the operation of the PRHR
delay~d by 30 minutes.

Normal Residual Heat Removal and In-Containment Refueling Water Storage
Tank Success Criteria

Long-term cooling of the core is provided by either the normal residual heat removal pumps
or the in-containment refueling water storage tank gravity drain. The normal residual heat
removal success criteria that are addressed by MAAP4 analyses are RNP and RNR. The in-
containment refueling water storage tank gravity drain success criteria that are addressed by
MAAP4 analyses are IW1A and IW2AB. However, success criteria RNR and IW2AB are not
addressed by MAAP4 analyses for ATWS, and IW2AB is not addressed for large loss-of-
coolant accident events.

The in-containment refueling water storage tank success criteria is for gravity injection to be
provided through one direct vessel injection line. Representative MAAP4 analyses that
include this model are discussed in subsections A 4.3 and A4.4.

Tne normal residual heat removal success criteria is for injection to be provided from one
normal residual heat removal pump. Representative MAAP4 analyses that include this model
are discussed in subsections A 4.1 and A4.2.

For the normal residual heat removal success criteria, the MAAP4 analyses assume that the
operator has taken the necessary actions to align the normal residual heat removal system for
operation by the time that the reactor coolam system pressure is below the normal residual
heat removal pump shut-off head. This occurs the quickest in the MLOCA analyses, in which
the normal residual heat removal pump shut-off head may be reached within approximately
five minutes after accident initiation, when only one core makeup tank or one accumulator is
credited. The baseline MAAP4 analyses take credit for the start of normal residual heat

May 31, 1995
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removal injection at this time. Sensitivity analyses are done to determine the impact of
delaying the start of normal residual heat removal. MAAP4 analyses presented in Tables A-
4.30a and A-4.30b show successful MLOCA results when the normal residual heat removal
operation is delayed until 30 minutes after the reactor coolant system break occur. Breaks at
the smaller end of the MLOCA range (5 inch diameter) and smaller take longer than 30
minutes from the time of the break to depressurized below the RNS pump shut-off head.

For other initiating events analyzed with MAAP4, normal residual heat removal can be
credited only after automatic depressurization system lines have been actuated. In most of the
analyses, a reduced number of automatic depressurization system lines is credited, and
therefore the depressurization time until the normal residual heat removal shut-off head is
reached may be longer than if all the automatic depressurization system lines opened.
However, there are a number of events that the operator could use to indicate that actions
should begin to align the normal residual heat removal. Table A-9 lists the approximate times
that it takes for the RCS pressure to fall below normal residual heat removal shut-off head
after different indicating events in the sequences. The event tree analysis credits a delay time
of 30 minutes from the CMT injection signal for the operator 10 actuate RNS.

Containment Isolation

Containment isolation was questioned as a condition for long-term recirculation cooling to
ensure an adequate water supply. The concern is for paths on the event tree in which passive
injection works properly, but the containment is not isolated and water inventory is lost as
steam through the opening. Calculations were performed to determine that there is sufficient
inventory for at least 2.7 days to keep the top of the fuel covered with water, regardless of
whether containment isolation is successful.

The calculation to determine the minimum time until inadequate water inventory would be a
concern for long-term core cooling is based on the assumption that the entire inventory from
the in-containment refueling water storage tank is emptied into the reactor and lower
containment. The initial water volume from the reactor coolant system is neglected since
much of it would have flashed to steam upon exiting the reactor coolant system. The
inventory from the core makeup tanks and accumulators is also conservatively neglected The
water is assumed to boil off at a rate determined by the decay heat rate. With these factors,
the top of the core remains covered for 2.7 days, assuming that there is no return of
condensed steam from the containment shell.

A sensitivity on the above calculation is performed to determine the effect of condensate
reflux from the passive containment cooling system cooling. The fraction of water that would
be returned back to the containment water pool due to condensation of the containment shell
is uncertain. Figure A-50 shows that as the condensation rate approaches the boiloff rate, the
time to containment uncovery approaches infinity. Based on best estimate approximations,
the reflux condensation from a dry passive containment cooling system shell is approximately
2 Ibmv/s (1 kg/s), leading to core uncovery in 3.5 days. The reflux condensation from a wet
passive containment cooling system shell is estimated to be approximately 6.5 Ibm/s (3 kg/s),
leading to core uncovery in 8.2 days. Nevertheless, the failure of containment isolation does
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not cause a water inventory concern for at least 2.7 days, conservatively assuming no reflux
condensation

Although containment isolation is not a concern for long term water inventory concerns, it can
impact event sequences that rely on the in-containment refueling water storage tank gravity
drain as the long term cooling source. For the in-containment refueling water storage tank
1o gravity drain into the reactor coolant system, the reactor coolant system pressure must
decrease to within approximately 15 psi (1 bar) of the containment pressure. When the
containment is not isolated, the containment pressure remains low, and the reactor coolant
system pressure must decrease further than when the containment is isolated. Therefore the
success criteria definitions are based on analyses that consider the limiting scenario of no
containment isolation. The analyses without containment isolation are discussed in
Section A.9. The isolation failure is assumed to be the largest single opening in the
containment isolation system, which is the containment air filtration system line with an
18 inch diameter (area of 254 in”)

Sensitivity Analyses

Sensitivity analyses of the success criteria baseline cases are performed to demonstrate the
robustness of the success criteria in terms of interactions with other passive and active systems
and uncertainties related to the thermal-hydraulics of the system and modeling in the codes
(passive system performance). The sensitivity analyses are presented in this section
Systems Interactions

[LATER - this section will be completed as part of the thermal-hydraulic uncertainty tasks)
Yassive System Performance

LATER - this section will be completed as part of the thermal-hydraulic uncertainty tasks)
MAAP4 Resuits

LATER - this section will be completed as part of the thermal-hydraulic uncertainty tasks|
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Table A-]

ACTUATION AND TRIP SIGNALS USED IN AP600 MAAP4 ANALYSES
System Trip or Actuation Signals

Low pressurizer pressure
Low pressunizer level

Low SG narrow range level
CMT actuation signal

Reactor Trip

Reactor Coolant Pump Trip *  CMT actauon signal

ADS Actuation (Stage 1, 2, 3) e  Low-1 CMT level

ADS Actuauon (Stage 4) *»  low-2 CMT level; RCS pressure must
be icss wan 1000 psia for automatic
actuation

CMT Actuation * Low-2 pressurizer level

Low SG wide range level with high hot
leg temperature

Low-1 pressunzer pressure

High-1 containment pressure

Low steamline pressure

Low-3 cold leg temperature

PRHR Actuation ¢ Low SG narrow range level with low
SFW flow

e Low SG wide range level

¢«  CMT actuation signal

Accumulator Injection »  RCS pressure less than 700 psia
NRHR Injection *  RCS pressure less than 175 psia
[RWST Gravity Dran e Pressure difference between RCS and

containment 1s approximately 15 psia

May 31, 1995
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DRAFT

[
Table A-2
RCYS PRESSURE REQUIREMENTS FOR LOCA CATEGORIES
LOCA Category Functional Definition Required RCS Pressure
Large IRWST gravity drain ~ 50 psia (RCS o
containment AP of ~15
psia)
Medium NRHR shutoff head < 175 psia
Intermediate Fourth-stage ADS line can open < 1000 psia
without PRHR or earlier stage
ADS
Smalil Fourtb-stage ADS lme cannot > 1000 psia
open without PRHR or earlier
stage ADS
== = = ———
Note:

To define the break size that corresponds to each LOCA category, MAAP4 analyses were done to determine the RCS
pressure response prior o core uncovery. The results from these cases are sumarized in Table A-3.

A-

45
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= e —.—M—ﬂ
Table A-3
BREAK SIZE DEFINITION, NO ADS
RCS Pressure at Core Uncovery
Pipe 1D (in) (Bars) (psia) Initiating Event

1 132.8 1926 SLOCA

1.75 72.56 1052

2 6691 970 NLOCA

3 3229 470

+ 18.11 263

475 12.61 183

5 11.40 165 MLOCA

6 7.85 114

7 5.69 83

8 433 63

8.75 373 54

9 358 2> LLOCA

S S

Note:

1. IRWST injects before core uncovers; given pressure 1s at tune of IRWST mjecuon,

May 31, 1995
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Table A4
SUMMARY OF ADS SUCCESS CRITERIA DEFINITIONS
SUPPORTED BY MAAP4 ANALYSES
Heat Removal/ MAAP4 Case Name for
Injection Method Applicable Initiating Events
Success
Depress. Criteria Description of Short Long
Method Name Success Criteria Term Term MLOCA NLOCA | SLOCA | SGTR | Trans
PARTIAL ADU Automatic Actiation x1b
272 stage 1
OR
178 stage 23 4 CMT NRHR
ADIA Automatic Actuation: s16k gl0a tl
ADRA 272 stage |
OR
1/4 stage 2.3 CMT NRHR
ADV Automatic Actuation PKHR s10 gll
1710 stage 123 4 CMT NRHR
ADUM Manual Actuation: xZh s19b2 glad 3h
AD1 272 stage |
ADR OR
1/8 stage 2,34 Accum NRHR
ADZ Manual Actuauon: PRHR s13 gl3
1710 stage 123 4 Accum NRHR
FULL ADM Automatc Actuation: migd x3d4
2/4 stage 4 CMT IRWST™
ADAB Automatic Actuation: siQ 5t
ADAL 3/4 stage 2.3
ADA OR
1/4 stage 2.3 and
1/4 stage 4 CM1 IRWST"
ADAG Automauc Actuation. glde
1/4 stage 2.3 and
174 stage 4
CMT IRWST™
ADS Automauc Actuation sdz gls
3/4 stage 2.3
OR PRHR
1/4 stage 4 CMT IRWST™
ADQ Maoual Actuation mbes xdg
2/4 stage 4 Accum | IRWSTY
ADB Manual Actuauon sbad glé 19a3
ADL 2/4 stage 4
ADT
Accum IRWSTY
ADT Manual Actuation PRHR sBad gl?
2/4 Stage 4 Accum | IRWSTY
——

Note:
1 IRWST gravity drain of normal residual heat removal can provide Jong term injection and heat removal. but [IRWST gravity drain is more
himiung for ADS success cntena, and therefore is modeled in the MAAP4 analyses

May 31, 1995
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&~ Table A-4 1a
- MAAP4 Analyses Supporting ILOCA Success Criterion ADU
§ Case Equipment Assumptions
- Max
ADS § Core
maap Temp
Run Type 1 3 o M ™MT ACC PRHR NRHR IRWST Sensitivity Definition P
xib baseline 2 i - I pump 2" cold leg 1147
xle support 1 1 _“_! pump 2" cold leg DO WHCHV
r1d support i - i - __ ) 1 pump 2" cold leg 0o uncov
xia support i - - i - . i pump 475" coid leg no gncov
xlb3 support 2 - 1 - | pump stuck SV Ri0 3
xibd suppori 2 - - - i - - ! pump - 27 hot leg 1078
xid2 support . i 1 I pump - 2" hot leg S&1
4
= Table A-4.1p >
SEQUENCE OF EVENTS FOR ILOCA SUCCESS CRITERION ADU MAAP4 ANALYSES =
CMT Injection Szart of Injection
Accom. In) (sec) (sec) Opening of ADS Valves (sex) (sec) * Core Uncovery * E
Peak =
Start Min Water Level (%) Temp
Case Start Empty Start Fmpty 1 2 3 4 NRHR IRWST (sec) o Thme (sect (8 )
b - - st %7 pra 4788 274 2% @ a7 P47
' zle S1 n” - 2492 e s
[ e : 5 %0 %29 866 K
@ tis - 7 537 L) 167 g
2ib3 057 5825 694 Ti74 Lok 4% @ 7215 sio -
L xibd . 75 n7 285 a9 - w9y 6% 3 439 1075 g
x142 - 75 1% 1670 %29 - T 6% @ w91 210
* Times for the siart of NRHR, IRWST core uncovery and minimum water level are from MAAP4 output that does not caplure output at every timestep. Therefore. §
the tumes listed in these sections are not exact and typically may differ from the actual analytical prediction by +100 seconds




Tabie A4 2a
MAAP4 Analyses Suppeorting SL.OCA Success Criterion ADIA

Eguipment Assumpiions
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i PRHR NRHR Sensitivity Definition
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Table A-42b
SEQUENCE OF EVENTS FOR SLOCA SUCCESS CRITERIUN ADIA MAAP4 ANALYSES

—y

—d

CMT Injection Start of Injection
Accum. inj (sec) (vec) Opening of ADS Valves (sec) fsec) ’ Core Uncovery *

|
i
i
|
|

Min Water evel (%)
3 J 4 IRWST ot Thne (sec)

-
3
3

Empty | ]

PR @ 15220

|

145X

=
-

N -

e — -

— .4.__¢_._ —

6% @ 14480

14780

¥
*
g e T —
£
N
3

nN% @ 151

14480

W96

9% @ SR

189S

|
1 RN N AN N i |

Tunes for the start of NRHR, IRWST core uncovery and sunimum water level are from MAAP4 output that does not capture output ot every timestep  Therefore
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Table A-4.3a
MAAPY Analyses Supporting SLOCA Success Criterion ADV

14vHda

Case Fquipment Assumptions -
nx
ADS Core
meap Temp
i run type 1 23 i M MT ACC PRHR NRHR IRWST Sensitivity Definition P
I s10 baseline 1 1 Yes | pamp 05" cold leg ne wocov ‘
sit support 1 | Yes 1 pump 0.5" cold leg 0o uncoHy l
si2 suppeet i 1 Yes | pump 057 cold eg nO uRCOV
I sita support 1 1 Yes 1 pump 175" coid leg 00 Uncov
Table A-4.3b
SEQUENCE OF EVENTS FOR SLCOA SUCCESS CRITERION ADV MAAP4 ANALYSES
CMT injection Start of Injection
Accum. Inj (sec) (sec) Opening of ADS Valves (sec) {see) Core Uncovery
Peak
Start Min Wat (%) | Temp
Case | Start Empty | Start | Empty 1 2 A 4 NRHMR | IRWST (sec) aT .- F
s10 830 w219 IRAR4
I st 830 194%0 38458 IRR30
s12 %0 45750 45145 45241
5108 bl 1308 i

* Tumes for the start of NRHR, IRWST core uncove:y and minimum water level are from MAAPY output that does not capture output at every tmestep.  Therefore,
the times listed in these sections are not exact an< typically may differ from the actual analytical prediction by £100 seconds
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Table A-44a
MAAP4 Analyses Supporting SGTR Success Criterion ADIA
T
Case Fquipment Assumptions Max
ADS Core
manp Temp
run type 1 3 E] M CMT ACC PRHR NRHR IRWST Sensitivity Definition F
gi0a | baseline | 2 | 1 pump SGTR 109
y;lo: support 1 i I pump SGTR 0o uncoy
Table A-4.4b
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADIA MAAP4 ANALYSES
CMT Injection Start of injection
Aconm. Inj (sec) (sec) Opening of ADS Valves (sec) (sec) " Core Uncovery "
Peak
Start | Min Water Level (%) | Temp
Case Start Empty Start Empty i 2 3 4 NRHR IRWST (sec) at Time (sec) (2}
gita 1ns 11650 12650 16434 15660 9% @ 16470 1o
gl s 137%0 12882 14217

Times for the start of NRHR, IRWST core uncovery and minimum water level are from MAAP4 output that does not capture output at every timestep.  Therefore,
the times listed in these sections are not exact and typically mzy differ from the actual analytical prediction by 100 seconds
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Table A-4.5a
MAAPY Analvees Supporting SGTR Success Criterion ADV
Case Equip ment Asumptions Max
ADS Core
manp ‘ Temp
run type 1 3 3 M CMT ACC PRHR NRHR IRWST Seasitivity Definition ")
ghl baseline 1 1 - Yes | pump SGTR no sec 1sol o WNeov
glla support i i Yes 1 pamp SGTR no sec isol 00 ENCoV
glib support i - | - Yes | pump SGTR no sec 150l no uncov
Table A-4.5b
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADV MAAP4 ANALYSES
CMT Injection Start of injection H
Accum. Inj (sec) (sec) Opening of ADS Valves (sec) (sec) Core Uncovery *
Pesk
Start Min Water Level (%) Temp
Case Start Empty Stert Empiy 1 2 3 4 NRHR IRWST (sec) ot Thine (sec) “F)
ghit 100 2758
ella 100 2758
gb 100 2758

|

¢ Tumes for the start of NRHR, [IRWST core uncovery and minimum water level are from MAAP4 output that does not capture output at & ery timestep  Therefore,
the imes hsted i these secuons are not exact and typically may differ from the actual analytical prediction by £100 seconds
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Table A-4.6a
MA A P4 Analyses Supporting Transient Success Criterion ADIA
C .
ase Kquipment Assumptions Mas
ADS Core
maap Temp
run type 1 p7A] 4 M CMT ACC PRHER NRHR IRWST Sensitivity Definitiop '
1l baseline 2 . - 1 | pwmp Transient 1305
I Q support i | i | pump Transient 832
)
Table A-4.6b
SEQUENCE OF EVENTS FOR TRANSIENT SUCCESS CRITERION ADIA MAAP4 ANALYSES
CMT Injection Start of Injection
Accum. lnj (sec) (sec) Opening of ADS Valves (sec) (sec) Core Uncovery
Peak
Start Min Water Level (%) Temp
Start Empty Start Empty L 1 2 3 K NRHR IRWST (sec) ot Time (sec) °F)
4698 10080 9006 10842 10080 W% @ 10890 1308
698 9970 9136 994 9569 % @ 9769 ®12

- TmhmmdNRHR.IRWSmeomymdminimunmleveluefnmMAAP‘omullldduamncw:remndmytmnp Therefore,
the umes hsted i these secions are not exact and typically may differ from the actual analytical prediction by +100 seconds
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Table A-4 73
MAAP4 Analyses Supporting NLOCA Success Criterion ADUM

b quipment Assumptions

PRHR | NRHR | IRWS] | Sensitivity Definition
3 -~ 4 +

s

{ leg A

T SERIE B

-

!
pump |

Table A-47b
ENCE OF EVENTS FOR NLOCA SUCCESS CRITERION ADUM MAAP4 ANALYSES
CUMT Injection ! i Start of Injection ;
(sec) i Opening of ADS Valves (seq) {sec) | Core Uncovery
T T 1 T )
i {
[ i

Fmpty IRWST i ol Thme {sec

o SEE—

% @ 1244
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Tunes for the start of NRHR, IRWST core uncovery and mmmmum water level are from MAAPY cutput that does not capture output at every timestep
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Table A-4.Ra
MAAP4 Analyses Supporting SLOCA Success Criterion AD1
Case F.quipment Assumptions Mas
ADS Core
masp Temp
run type 1 23 N M CMT ACC PRHR NRHR IRWST Sensitivity Definition 'F)
si982 | baselme | 2 M i | pump 0.5" hot leg ADS @ 15 mm 1266
520 support 1 M i 1 pump 05" cold leg ADS @ 30 mm no wcev
s2i support 1 M 1 1 pump 05" cold leg ADS @ 30 min 0o uncev
si9h support 2 MM ' | pump 05" coid leg ADS @ 1S mmn 1263 I
519 support 2 M ! i pump 05" cold leg ADS @ 30 mn il44
s19h support 2 M 1 1 pump 1.75" cold leg ADS @30 min 1017
s support 2 M i | pump 1.7 hot leg ADS @ 30 mm 1029
si9% support 2 M ! | pump 1.75" hot eg ADS @ IS5 mm 170
Table A-4.8b
SEQUENCE OF EVENTS FOR SLOCA SUCCESS CRITERION ADI MAAP4 ANALYSES
CMT injection Start of Injection
Accum. In) (sec) sec) Opening of ADS Valves (sec) (sec) * Core Uncovery
Penk
Start M. Water Level (%) Temp
Case Start Empty Start Empty 1 2 3 El NRHR IRWST (sec) ot Time (s2c) “F
«1962 861 9701 2190 S289 | 2963 68% @ 5289 1266
s20 2864 761 X% 1
s21 2764 W72 2630 2918
s19 2449 9256 1730 4828 2549 0% @ 4627 1261
19 nn 9367 2630 5744 676 T4% @ Seus 1144
ljlﬁ 178 §561 1861 4281 2990 8I% @ 2m ma7?
s1% n7s 5541 1901 4205 2478 % @ 200 1029
19 1434 S442 1001 349 1535 T6% @ 1258 1
* Times for the start of NRHR, IRWST core t scovery and minunum water fevel are from MAAP4 output that does not capture output at every timestep.  herefore,
the umes listed in these sections are not exact and typically may diffes from the actual analytical prediction by +100 seconds
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Table A-4.10a
MAAP4 Analyses Supporting SGTR Succes.  rivcrion ADI
Case Equipment Assumptions
Man
ADS Core
masp Temp
run type 1 23 ] M CMT ACC PRHR NRHR | IRWST Sensitivity Definition ¥
gl2d baseline 2 M ! 1 pump SGTR ADS @ IS mmn 1034
g12b support i M 1 I pump SGTR ADS @ IS mn no URCoOV
gl2e support 2 M i i pump SGTR ADS @ 30 mun 9717
gle support 1 M 1 I pump SGTR ADS @ 30 mm no uncov
Table A-4.10b
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADI MAAP4 ANALYSES
CMT Infection Start of Injection
Accum. In} (sec) (sec) Opening of ADS Valves (sec) isec) Core Uncovery
Penk
Start Min Water Level (%) Temp
Case Start Empty Start Empty 1 2 3 4 NRHR IRWST (sec) at Time (sec) '
gl2d 1618 10582 1015 7860 6362 7% @ 78719 1034
gi2b e is22 1015 131
gl2e 24 10891 1915 8530 nn BO% @ R6X) 977
g12c 2004 2341 1915 27

*  Times for the start of NRHR. IRWST core uncovery and minimum water level sre from MAAP4 output that does not capture output at every timestep.  Thercfore,
the times listed in these sections are not exact and typicaily may differ from the actual analytical prediction by +100 seconds
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Table A-4.11a
ZAAP4 Analyses Supporting SGTR Success Criterion ADZ
Case Equipmeni Assumptions
Max
ADS Core
masp Temp
run type 1 3 Kl M MT ACC PRHE NRHR IRWST Sensitivity Definition (y 3]
gil haseline I M i Yes ! pump SGTR ADS @ 15 mn, no sec isol O VIOV
glla support 1 M 1 Yes I pump SGTR ADS @ 30 mm, no sec sol O unNCuY
Table A-4.11b
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADZ MAAP4 ANALYSES
CMT Injection Start of Infection
Accum. Inj (sec) (sech Opening of ADS Valves (sec) (sec) " Core Uncovery *
Peak
Start Min Water Level (%) Temp
Case Start Empty Start Empty 1 2 3 1 NRHR IRWST {sec) o Time (sec) °F)
ME 5i5 2841 1000 2424
glla s15 967 1900 2534

*  Tumes for the start of NRHR, IRWST core uncovery and minumum water level are from MAAP4 output that does not capture output at every tunestep.  Therefore.
the times hsted w these sections are not exact and typically may differ from the actual analytical prediction by 2100 seconds
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Table A-4.12a
MAAP4 Analyses Supporting Transient Success Criterion AD|
Equipment Assumptions
: : .

| |

‘

type

L

asnouBulSam @

PRHR NRHR IRWS1T Sensitivity Definttion

saseline

| pump | Trans ADS @ 1S sun

SUppont

pump Trans ADS ¢ min

S S Ti—"

s

upport | pomp Trans ADS @ min

suppost ! pump { Trans AIS

e cop—

support | pump Trans

SUPpROT! | pump Trans AIDS
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Table A-12b
SEQUENCE OF EVENTS FOR SUC(

CMT Injection Start of Injection
(sec) Opening of ADS Valves (sec) fsec) * Core Uncovery *
|
|

|
P ————————————————————
|

Min Water Level (%) |
ot Thne (sec)

Empty Fmpiy

;
|
i
It
|

|
|
|

90309
e s t—

P % @ 4269

% @ SORS

* Tunes for the start of NRHR, IRWST core uncovery and minumum water level are from MAAP4 outpat that does not capture output at every (umeste p Therelon

the umes bisted mn these sections are not exact and typcally may atier (mm the actual analytical predichion by + 100 seconds
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MAAP4 Analyses Supporting MLOCA Success Criterion ADM

Table A-4.13a

Case I Fguipment Assumptions Ma
X
AnS Core
manp Temp
rwn type 1 P 4 M M1 ACC PRHR NRHR IRWST Sensitivity Definition F)
migd baseime 2 1 1 bine 5" cold leg. mo Cl [ERRT PR
mind support 2 i I bne 5" hot leg, no Ci ERRT Y
m3r3 support I i ! bine 875 hot leg, no Cl 0o uBRcoOv
mdal support 2 1 1 line DVI ne, ao C1 no wncoy
Table A-4.13b
SEQUENCE OF EVENTS FOR MLOCA SUCCESS CRITERION ADM MAAP4 ANALYSES
CMT Injection Start of injection
Acoum. Inj (sec) isec) Opening of ADS Valves (sec) (sec) Core Uncovery *
Peak [}
Start Min Water Level (%) Temp
Case Start Empty Start Emipty 1 2 3 4 NRHR IRWST (sec) ot Thme (sec) [ 2]
migd 7 1940 1398 2151
miad il 1846 1386 1872
mi) 3 1615 1148 1647
mial 1" 2162 1537 2342

* Tumes for the start of NRHR, IRWST core uncovery and nunmmum water level are from MAAP4 output that does not capture ouiput al every tumestep.  Therefore,
the times listed n these sections are not exact and typically may differ from the actual analytical predichion by £ 100 seconds
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Table A-4.14a
MAAP4 Analyses Supporting NLOCA Sueccess Criterion ADM
Case Fquipment Assumptions
Max
ADS Core
maap Temp
run type 1 3 4 M CMT ACC PRHR NRHR IRWST Sensitivity Definition "F)
x3d4 | baseline 2 1 I ine | 2" hot leg, no Cl 959
x3b support 1 I 1 hne 27 hot leg 1230
x3a support 1 1 1 hoe 2" cold leg 545
i 135 support 2 1 1 hne 475" cold leg, no ClI no uncov
Table A-4.14b
SEQUENCE OF EVENTS FOR NLOCA SUCCESS CRITERION ADM MAAP4 ANALYSES
CMT Injection Start of Injection
Accum. Inj (sec) (vec) Opening of ADS Valves (sec) (sec) Core Uncovery "
Peak
Start Mis Water Level (%) Temp
Case Start Empty Start Empty 1 2 3 < NRHR IRWST (sec) ot Time (sec) ‘F)

‘ a4 n 3391 m 4024 792 45% @ ¥ 959
x3b4 75 31390 w70 4095 91 9% @ 1092 1230
xla 51 2496 3670 4755 ®wn 5% @ 473 545
35 ? 1958 1428 247

=

* Times for the start of NRHR, IRWST core uncovery and minumum water level are from MAAPS output that does not capture output al every timestep  Therefore.
the times histed m these sections are not exact and typically may differ from the ectual anslytical prediction by +100 seconds
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Table A-4.16a
MAAP4 Analyses Supporting SLOCA Success Criterion ADS
Case Equipment Assumptions M
ax
ADS Core
manp Temp
run type 1 23 4 M CMT ACC PRHR NRHER IRWST Seasitivity Definition °F)
s47 basehne 3 1 Yes 1 e 1.75" hot leg, no Cl 1273
s4b2 support i 1 Yes 1 e 1.75" cold ieg, no Cl no wncov
s4b support 3 1 Yes 1| hne 1.75" cold leg 1SR
sdzl support 3 i Yes 1 hine 1.75" hot leg 1080
sdgl support 3 1 Yes | ke 0.5" hot leg, no Cl 656
g support 3 i Yes 1 hne 05" hot leg 1091
sdz2 support 1 1 Yes 1 line (5" cold leg, no Cl no uncov
Tabie A-4.16b
SEQUENCE OF EVENTS FOR SLOCA SUCCESS CRITERION ADS MAAP4 ANALYSES
CMT Injection Start of injection
Accum. Inj (sec) (sec) Opening of ADS Valves (sec) isec) Core Uncovery
Peuk
Start Min Water Level (%) Temp
Case Start Empty Start Empty 1 2 3 4 NRHR IRWST (sec) ot Time (sec) ¥
sdz 100 S0t 4104 4224 6570 6201 7% @ 660 1274 j
b2 57 5210 4689 6176 I
sdb 57 4892 1951 «omn 6598 6395 2% @ 6695 1058 j
sdzl 101 4998 4092 @rn 6447 6200 0% @ 6501 10860
l sdgl 1249 91150 42644 42754 45495 45350 8% @ 45550 656
sdg 1290 19480 38568 38688 4240 41580 64% @ 42600 1091
sdr2 830 43000 4259 43926

*  Tames for the start of NRHR, IRWST core uncovery and mumumum water leve! are from MAAPY output that does not capture output at every tunestep.  Therefore,
the times listed i these sections are not exact and typically may Jiffer “rom the sctual anslytical predicuon by +100 seconds
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Table A-4.17a
MAAP4 Analyses Supporting SGTR Success Criterion ADAG

Case Equipment \ssumptions Mas
ADS Core
marp Temp
run type 1 vy E M CMT ACC PRHR NRHR IRWST Sensitivity Definition ")
glde baseime i i i ! hne SGTR, no CI 685
Table A-4.17d
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADAG MAAPS ANALYSES
CMT Injection Start of Injection
Accum. Inj (sec) (sech Opening of ADS Valves (sec) sec) Core Uncovery
Peak
l Start Min Water Level (%) Temp
Case Start Empty Start Empty 1 2 3 4 NERHR IRWST isec) ot Time {sec) F)
L glde 116 13770 12926 1166 16317 16080 SI% @ (6380 68

I the times histed in these sections are not exact and typically may differ from the actual analytical prediction by £100 seconds

* Tunes for the start of NRHR, IRWST core uncovery and minwnum water level are from MAAP4 output that does not capture output at every timestep  Therefore,
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Table A-4.18a
MAAP4 Analyses Supporting SGTR Success Criterion ADS
O A
ase Equipment Assumptions } Mas
ADS ore
manp Temp
run type 1 3 4 M CMT ACC PRER NRHR IRWST Sensitivity Definition F)
gls baseline 3 1 Yes 1 hine SGTR, no sec sol, no Cl 0O uncoy
glSa support l 1 Yes I hae SGTR, no sec isol, no C1 0o wne '
glsh support 3 ! Yes I hne SGTR, no sec ol no uncov
glSe support 3 I Yes I hne SGTR, no sec ol o uncoy
Table A-4.18b
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADS MAAP4 ANALYSES
CMT Injection Start of Injection
Aceum. Inj (sec) (sec) Opening of ADS Valves (seci (sec) Cere Uncovery *
Peak
Start Min Water Level (%) Temp
Case Start Empty Start Empty 1 2 3 l NRHR IRWST (sec) ot Thme (sec} "F)
g!s 100 10090 9006 9126 1070
gl Sa 100 e 10757 H7%
glSh 100 10180 9049 9169 102
#15¢ 100 11930 10770 11527
* Tumes for the start of NRHR, IRWST core uncovery and minunwn water leve! are from MAAP4 output that does not capture output at every timestep.  Therefore,

the times histed in these sections are not exact and typically may differ from ihe actual analytical prediction by +100 seconds

BN $5990n§ 1ioddng o) sasdjeuy pIVVIN Y




$661 ‘1t Avpy

o,

Table A-4.1¥a
MAAP4 Analyses Supporting Transient Success Criterion ADA
Cawe b quipment Assumptions Masx
ADS Core
meap Temp
ren type i 23 4 A oMT ACC PRHR NEHR IRWST Sensitivity Definition P T
& baseime 3 i 1 bne Trans, no Cl 1262
Tal support 1 i i I hne Trans, no Cl 1194
722 support i 1 1 I fine Trans. No Ci 1252
Table A-4.19
SEQUENCE OF EVENTS FOR TRANSIENT SUCCESS CEITERION ADA MAAP4 ANALYSES
CMT injection Start of Injection
Accum. Inj (sec) (see) Oy sning of ADS Valves (sec) (sec) " Core Uncovery
Peak
Start Min Water Level (%) Temp
e Stant Empty Start Empty 1 2 3 4 NRHR IRWST (sec) ot Time (sec) Ky
(] ®a Laal 057 «un e nn 0% @ 10080 1262
l i7al ~®_4a am nn 9387 10028 un 2% @ 1008 1
Lﬂ.z 4847 %981 "y 9Mm 10720 10180 0% @ 1069 1251

* Tumes for the start of NRHR. IRWST core uncovery and mimmum water level are from MAAP4 output that does not capture output ai every (umestep.  Therefore,
the tmes histed 1 these sections are not exact and typiwcally may differ from the actual analytical prediction by £100 seconds
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5 Table A-422a
MAAP4 Analyses Supporting SLOCA Success Criterion ADT
T
Coc Fquipment Assumptions Me
jpetcass, X
ADS Core
masp Temp
run type 1 w 4 M CMT ACC FRHR NRHR IRWST Sensitivity Definition {"F)
sbad basehine 2 M 1 1 hne 05" cold leg, ADS @ 15 nun, no Tl no encov
sbal support 2 M 1 1 hne 0.5 cold leg, ADS @ 30 mn, no C1I 0o UnCov
shal support 1 M 1 1 hne 0.5" cold leg, ADS @ 39 mm, no Ci 1867
sba2 support 1 M i 1 hine 1.75" coid leg, ADS @ 30 mm, no 1700
Cl
Tabie A-4.22b
SEQUENCE OF EVENTS FOR SLOCA SUCCESS CRITERION ADT MAAP4 ANALYSES
CMT Injection Start of Injection
Accum. Inj (sec) (sec) Opening of ADS Valves (sec) (sec) Core Uncovery
Peak
Start Min Water Level (%) Temp
Case | Start | Empty | Start | Empty 1 2 3 4 NRHR | IRWST (sec) st Time (sec) (°F)
shad 1828 1966 730 1409 I
stal 2767 2858 2630 3769
L wat | 260 | o 2630 6401 5769 0% @ a7 1867
sbal 1967 2187 1857 5256 4588 2% @ 20 1700 !
*  Times for the start of NRHR, IRWST core uncovery and minumum water level are from MAAP4 output that does not capiure oustpul at every timestep. Therefore,
the times hsted in these sections are not exact and typically may differ from the actual analytical prediction by +100 seconds
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Table A-424a
MAAP4 Analyses Supporting SGTR Success Criterion ADT
Case Equipment Assumptions
Max
ADS Core
mazp Temp
run type 1 23 4 M CMT ACC PRHR NRHR IRWST Sensitivity Definition °F)
glé baseline 2 M 1 i line SGTR, ADS @ 15 mm, no C1 no UNCOV
gl6a suppori 2 M 1 1 lne SGTR, ADS @ 30 mn, no Cl no uncov
Table A-4.24b
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADT MAAP4 ANALYSES
CMT Injection Start of Infection
Accum. inj (sec) {eec) Opening of ADS Valves (sec) ises) Core Uncovery *
Peak
Start Min Water Level (%) | Temp
Case Start Empty Start Empty i 2 3 Kl NRHR IRWST (s2c) &t Time (sec) *F)
glé Hna 1254 1015 1351
gita 2042 2128 1915 2356

* Times for the start of NRHR, IRWST core uncovery and minumum water level are from MAAP4 output that does not capture output at every tunestep Therefor
the times listed i these sections are not exact and typically may differ from the actual analytical prediction by £100 seconds
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Table A-4.25a
MAAP4 Analyses Supporting SGTR Success Criterion ADT
Case Fguipment Assumptions -—
ADS Core
masp Temp
ren type 1 3 - M oMmMT ACC PRHR NRHR IRWST Sensitivity Definition § 3]
gl7 baseline 2 M i Yes | line SGTR, ADS @ 15, no sec 1sol, no C O UNCoY
glla support 2 M ! Yes I hne SGTR, ADS @ 30, po sec 1sol, no Cl | no uncov
Table A-4.25b
SEQUENCE OF EVENTS FOR SGTR SUCCESS CRITERION ADT MAAP4 ANALYSES
CMT Injection Start of Injection
Actum. Inj (sec) (sec) Opening of ADS Valves (sec) (sec) Core Uncovery *
Peak
Start Min Water Level (%) Temp
Case Start Empty Start Empty ] 2 3 - NRHR IRWST {sec) ot Time (sec) )
g7 s1 1232 1000 611
gl7e 518 2093 1899 2581

* Tunes for the start of NRHR, IRWST core uncovery and mimmum water level are from MAAP4 output that does not capture output at every tunestep.  Therefore,
the times hsted in these sections are not exact and typically may differ from the actual anaiytical prediction by +100 seconds
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* Times for the start of NRHR, IRWST core uncovery and minimum water level are from MAAP4 cutput that does not capture output at every timestep. Therefore,
the times listed i these secions are not exact and typically may differ from the actual analytical prediction by +100 seconds

Table A-4.26a
MAAP4 Analyses Supporting Transient Success Criterion ADT
Case b quipment Assumptions Max
ADS Core
maap Temp
run type 1 U3 4 M MmT ACC PRHR NRHR "RWST Sensitivity Definition (5 3] 4
_191_1 haselme 2 M i I hine Trans, ADS @ 15, no Ci 00 WCov
lﬂ-l support 1 M 1 i kine Trans, A @ 15, no Cl > 2200
9a2 support i L i 1 line Trans, ADS @ 30, no ClI 1872
Table A-426h l
SEQUENCE OF EVENTS FOR TRANSIENT SUCCESS CRITERION ADT MAAP4 ANALYSES
CMT Injection Start of Injection
Accam. Inj (sec) isec) Oipening of ADS Valves (sec) (sec) Core Uncovery *
| Pest
Stant Mir Water Level (%) Temp
Cane Start Empty Start Empty 1 2 3 4 NRHR IRWST (sec) - Thme (sec) "
®a3 | 028 1195 %0 2520 J
Bal 1z 1425 960 4592 911 4% 2 25 >2200 l
[ 1922 2053 nn 1866 S6R1 sote 508 @ S628 1872 l
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MAAPY Analyses Supporting ADS Manual :&tﬁ;"‘m from Low-1 CMT Level (Auto Failed)
. Om Fqupment Amumptions e
ADS Core
masp | Swec. | e
run Cnit i 3 © M MmT ACC PRHR NRHR IRWST Senmtivity Defimition en_
,_'LDFL_“. ADU 2 M 1 1 2" cold leg. ADS @ 30 Ilg‘_ <
! ﬁ?_Ql_ ADIA ‘2 M 1 i 05" hot leg, ADS @ 30 L‘g&_
si0op! ADV 1 M 1 - Yes i 05" cold leg. ADS @ 30 0O UNCov
gloscpl | ADIA | 2 ™M 1 1 SGTR. ADS @ 30 1542
gllopi ADV 1 M 1 - Yes i SGTR, no sec isol, ADS @ 30 no YNCOY
tiopl ADIA 2 M i 1 Trers, ADS@ 30 1109
‘miglop! | ADM 2 | ™ 1 1 5" cold leg, no C1, ADS @ 30 o uncov
{MI ADM 2 Il m 1 1 2" hot leg. no C1, ADS @ 30 no uncov
si2op! ADA 3 M 1 1 175" coid leg. no CI. ADS @ 30 >2200
sdzopl ADS 3 M i - Yes 1 1.75 cold leg. no CI. ADS @ 30 liﬂl_ﬁ
_ﬂ_“!l_ ADAG 1 i M 1 1 SGTR. no (1, ADS @ 30 i5%4
| giSopl ADS 3 M i - Yes 1 SGTR, no C1. ADS @ 30 663 q
LMI ADA 3 M 1 i Trans, no CI, ADS @ 30 7
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Table A-4-27b 1
SEQUENCE OF EVENTS FOR ADS DELAY MAAP4 ANALYSES
CMT injection Start of Injection
Acewm. In) (sec) {mec) __ Opening of ADS Valves (sec) fmec) Core Uncovery
Pesi
Start | Min Water Level | Temp
[ Bart | Bmpty | Swrt | Empty 1 2 3 4 NRHR | IRWST ec) | (%) at Time sec) | (P
aibop! 51 62 1851 479 4266 Sin@am 1147
sitkop! 1290 4976 090 6603 SER3 37% @ 6680 1565
st0op! 00 6526 2630 a2 - ]
21080p1 116 3682 1916 7574 onoe W% @ 7600 1542
gliept 100 5705 1400 2611 - J
tlept 4698 8250 6498 o | - 286 52% @ 997 1100
migaop! 7 1843 1806 2441
xiddop! R ) 3361 g nn
I sli2opt 57 WS 1857 1857 4902 752 % @ s >m
sdiopl e M7s 1900 1900 S045 476 0% @ ST 1520
I gldeop! e M2 1916 1916 3 sn i@ 5N |§!l“|
gl Sep! 100 3534 1900 1900 5301 _1_ 5137 85% @ 5337 o6t
15e0p 1 4847 7936 647 6647 S04 9204 6% @ 9245 1047

* Times for the start of NRHR, IRWST core wicovery and minimum water level are from MAAP4 output that does not capture output at every timestep.  Therefore,

the times listed in these sections are not exact and typically may differ from the sctual analytical prediction by +100 seconds
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Table A-4.28a
MAAP4 Analyses Supporting CMT Manual Action Delay Time from CMT Signal (Auto Failed)
Case Fquipment Asamptions e
ADS Core
manp Suce. Temp
run Crit 1 3 E MmT ACC PRHR NRHR IRWST Sensitivity Definition °F)
xibop2 ADU 2 1 1 2" cold leg, CMT @ 10 128
s16kop2 ADIA 2 i i 0.5" hot leg, CMT @ 20 1269
s100p2 ADV 1 i Yes i 05" cold leg. CMT @ 20 ne wncov
g10nop2 ADIA 2 1 | SGTR, CMT @ 30 1008
gliop2 ADV i 1 Yes i SGTR, no sec sol, CMT @ 30 no uncov
thop2 ADIA 2 1 1 Trans, CMT@ 30 1026
migdopl ADM 2 1 1 5" cold leg, no C1,CMT @ 10 no unNcov
iddop2 ADM 2 1 1 2" hot leg, no CI, CMT @ 10 846
s1t20p2 ADA 3 1 1 1.75" cold leg, no CI, CMT @ 20 1622
sdzop2 ADS 3 1 Yes 1 1.75 coid leg, no Cl, CMT @ 20 1334 1
gldeop2 | ADAG 1 1 i i SGTR, no CI, CMT @ 30 >2200
2150p2 ADS 3 1 Yes i SGTR, no Cl, CMT @ 30 no URCOV
TWZ ADA 3 1 1 Trans, wo CI, CMT @ 30 1241
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Tabic A-4.28b
SEQUENCE OF EVENTS FOR CMT DELAY MAAP4 ANALYSES

CMT Injection | Stert of injection
Accwn. Inj (sec) | isec) Opening of ADS Valves (sec) : {sec) ~ Core Uncovery

T
i

Min Water [evel
(%) ot Thme (sec)

T
!
i
{
|

1% @ 4788

"

14610 ! 27 i 2% @ 150

2149114) ssacong uoddng 0 sasdjeuy pAVYIN Y

16020 SO% @ 167N

S T IS T W W—

RN 4 NS @ 6417 1026

168 |

— . . . ,,_~+«~‘,_;._,_ e

1499 | 3% @ 1814

040 3 SS9 @ SIER

41456 67177 MR @ 6R09

13040 e 1817 0% @ 2240

e N ——

9042 10760

| o647 | mss | 2 7349 9897 2 2% @ 6647 1241
p— A -— - —— — ——— - - - — ——— - — - —————————— ————

Tunes for the start of NRHR, IRWST core uncovery and minumum water leve! are from MAAPY output that does nct capture outpet st every tunestep. Therefore
the mes hsted in these sechions are not exact and typically may differ from the actual anslytical prediction by +100 seconds
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Table A-429a
MAAP4 Analyses Supporting PRHR Manual Action Delay Time from PRHR Signal (Auto Failed)
Case quipment Assumptions -
ADS Core
masp Sece Temp
run Crit i o M MmT ACC PRHR IRWST Sensitivity Definition )
siOop3 ADU 1 i Yes 05" cold leg. PRHR @ 30 0O URCoY
gl top3 ADIA 1 1 Yes SGTR, no sec wol, PRGR @ 30 29 URCoV
sdzop? ADV i Yes ! 1.75" cold leg, no C1, PRHR @ 30 1043
gl50p3 ADIA 1 Yes i SGTR no see sol, no Cl, #80 UNCOV
PRHR @ 30
Table A-429
SEQUENCE OF EVENTS FOR PRHR DELAY MAAP4 ANALYSES
CMT Injection Start of Injection
Accum. lnj (sec) {sec) Opening of ADS Vaives (sec) fsec) " Core Uncovery
Penk
Start Min Water Level Temp
Came Start Empty Start Empty 1 2 NRHR TRWST (sec) %) ot Thme (sec) [ 2}
s100p? 830 IR010 315889 37451
gl lopd 100 1274 J
prea 100 L) 3285 1408 5625 5385 7% @ S686 1040
gl5op 100 7900 6881 7001 8415

* Times for the start of NRHR, IRWST core uncovery and mimumum water level are from MAAPS output that does not capture output at every tmestep.  Therefore,

the times listed i these sections are not exact and typically may differ from the actual snalytical prechction by +100 seconds

elaL) $sa0ong woddng o0y sasipruy pdVYIN Y

14vHd



TR s ()

4

~J

0
<
2
-
™
$

Table A-430a

MAAP4 Analyses Supperting RNS Manual Action Delay Time from Break Initiation (Aute Failed)

Case Fquipment Assumptions Max
ADS Core
meap Swuce. Temp
run Crit 1 7} 4 M oMmT ACC PRHR IPWST Sensitivity Definition 4
m2c2 ADU 1 875" hot leg. NRHR @ 30 1353 1
m2c3 ADIA 1 875" hot leg, NRHR @ 20 558
m2c ADV i 8.75" coid leg 0O UBCOV
m2b ADIA 1 5" hot leg (note 1) %0
ADV i 5" cold leg (note 1) 671
mi ADIA 1 5" cold leg (note 1) no UNCO¥ i
rnh ADM i 5" hot leg (not 1) 688 I
Note: 1 - NRHR cannot myect until after 30 munutes.
L Table A-4.30b
SEQUENCE OF EVENTS FOR RNS DELAY MAAP4 ANALYSES
CMT Injection Start of injection
Accum. inj (sec) (sec) Opening of ADS Valves (sec) {sec) Core Uncovery
Peak
Start Min Water Level Temp
Case Start Empty Start Empty t 2 3 NRHR IRWST (sec) (%) ot Time (sec) 'F)
mle2 101 HRE 1800 - 1120 67% @ 1425 1353
mc3 W 686 1200 - 1120 %1% @ 1120 SS8 1
mc 161 749 15¢
m2b 410 2468 1993 - 1130 5% @ 1947 880
mi 406 2953 2631 - 2% %0% @ 2560 671
ml 7 1858 860 .
mis 1 2048 4045 . 3393 48% @ 4012 1264 gi

* Tumes for the start of NRHR, IRWST core uncovery and minimum water level are from MAAP4 output that does not capture output at every timestep. Therefore,
the tsmes hsted 1 these secuons nmwdwmmmuw-ﬂmmwﬂmm
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A. MAAP4 Analyses to Support Success Criteria

Table A-5

SLOCA CASES FOR ADS MANUAL ACTUATION (NRHR OPERATION)

ADS Lines Manualiy
Case Operator Action Time CMT Actuation Signal Op-ned
S$19 15 minutes 830 seconds 1730 seconds
$19d 120 minutes 830 seconds 8030 seconds
S19g 210 minutes 830 seconds 13430 seconds
Sesas = —
= e ]
Table A-6
AUTOMATIC ADS SUCCESS CRITERIA FOR IRWST GRAVITY DRAIN, NO PRHR
Success Criteria MAAP4 Peak Core
Success Criteria Case Definition MAAP4 Case Temperature (°F)
ADM 2/4 stage 4 MLOCA, m3n No Core Uncovery
NLOCA, x3b3 779
ADAB, ADAL, ADA 3/4 swage 2,3 SLOCA, sl 1108
OR
1/6 stage 1,2.3 and 1/4 SGTR, g4 1335
stage 4 Transient, 15 1158
=S e s

Table A-7

TRANSIENT CASES FOR ADS MANUAL ACTUATION (IRWST GRAVITY DRAIN)

Operator Action PRHR Actuation ADS Lines Manually
Case Time Signal Opened
T9a 30 manutes 60 seconds 1860 seconds
T9b 90 minutes 60 seconds 5460 seconds
194 150 minutes 60 seconds 9060 seconds

May 31, 1995
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A. MAAP4 Analyses to Support Success Criteria .

%
Table A-B
NLOCA CASES FOR ADS MANUAL ACTUATION (IRWST GRAVITY DRAIN)
ADS Lines Manuaily
Case Operator Action Time | CMT Actuation Signal Opened
X442 15 munutes 75 seconds 975 seconds
X444 60 minutes 75 seconds 3675 seconds

Table A-9
APPROXIMATE TIMES THAT NRHR IS CREDITED IN MAAP4 ANALYSES
Time of NRHR Operation, After ...
PRHR Actuation CMT Actuation
Initiating Event Event Initiation Signal Signal ADS Actuation

NLOCA 40 minutes 40 minutes 40 minutes 20 minutes
SLOCA 85 munutes 85 minutes &5 minutes 25 minutes
SGTR 2 hours 2 hours 2 hours 30 minutes
Transient 3 hours 3 hours 90 minutes 25 munutes _J

May 31, 1995
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A. MAAP4 Analyses to Support Success Criteria

Define Success Configuration
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Figure A-l
Process for Justification of Success Criteria
Defined With MAAP4 Analyses
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A. MAAP4 Analyses to >upport Success Criteria .
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Figure A-2
Diagram of CMT and DV! Lines
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