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39 Mechanical Systems and Components

39.1 Special Topics for Mechanical Components

3.9.1.1 Design Transients

The following information identifies the transients used in the design and fatigue analysis
of ASME Code Class 1 components, reactor internals, and component supports. All
transients are classified with respect to the component operating conditions identified as
Level A (Normal), B (Upset), C (Emergency), and D (Faulted) and testing as defined in the
ASME Section III. The transients specified below represent conservative estimates for
design purposes only and are not intended to represent actual transients, nor necessarily
reflect actual operating procedures; nevertheless, all envisaged actual transients are
accounted for, and the number and severity of the design transients exceeds those that may
be anticipated during the life of the plant.

Pressure, temperature, and flow rate resulting from the normal, test, upset, emergency, and
faulted transients are computed by means of computer simulations of the NSSS (nuclear
steam supply system) components. Design transients are detailed in the design
specifications via time-history plots of the fluid temperature, pressure, and flow rate during
plant events. The component designer then uses the transient data in the design
specification as the basis for design and fatigue analysis. In support of the design of each
Code Class 1 and core support (CS) component, a fatigue analysis for the combined effects
of mechanical and thermal loads is performed in accordance with the requirements of
ASME Section III. The purpose of the analysis is to demonstrate that fatigue failure will
not occur when the components are subjected to typical dynamic events that may occur
during the life of the plant.

ASME Section III, Division 1, Subsection NB, and NRC RG 1.207 are used for performing
fatigue evaluations considering the effects of reactor coolant environment of the APR1400

components.
The fatigue analysis is based on a series of dynamic events depicted in the respective

design specifications. Associated with each dynamic event is a mechanical, thermal-
hydraulic transient presentation along with an assumed number of occurrences for the event.

3.9-1 Rev. 0



APR1400 DCD TIER 2

The presentation is generally simple and straightforward because it is meant to envelop the
actual plant responses. The intent is to present material for purposes of design.

The fundamental concept provides reasonable assurance that the consequences of the
normal and upset conditions that are expected to occur in the power plant are enveloped by
one or more of the dynamic event portrayals in the design specifications. The number of
occurrences selected for each dynamic event is conservative so that in the aggregate, a 60-
year useful life is provided by the design process.

Design loading combinations for ASME Code Class 1, 2, and 3 components are given in
Subsection 3.9.3. Design loading combinations for reactor internals structures are
presented in Subsection 3.9.5.2.

The principal design bases of the RCS and reactor internals structures are given in Section
5.2 and Subsection 3.9.5, respectively.

The APR1400 design basis initiating events and frequencies used in the stress analysis of
ASME Code Class 1 and Class CS components of the primary system are shown in Table
3.9-1. The resulting APR1400 events and frequencies conservatively represent the 60-
year design basis.

The design basis events (DBEs) are classified as normal, upset, emergency, faulted, and test.
The normal and test events are planned operations that occur during the life of the plant.
Upset events are occurrences that may occur during the life of the plant. Emergency and
faulted events are not expected to occur but are included in the design basis for additional
design margin. The normal and test events are selected by reviewing the expected plant
operations. The upset, emergency, and faulted events are determined by reviewing
industry databases (References 1, 2, 3, and 4) for events that have occurred, or that may be
postulated to occur, based on observed plant behavior.

Normal and test event frequencies are determined by summing the number of expected
plant operations over the 60-year design life. The frequencies for upset, emergency, and
faulted events are determined on a probabilistic basis using industry databases (References
1,2,3,and 4). The 60-year design frequency of occurrence stated in Table 3.9-1 is always
greater than the expected frequency of occurrence.
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Conservative mathematical models and methodology are used to determine the thermal-
hydraulic consequences of the DBEs on individual plant components. The design margin
is further enhanced by enveloping similar events and using the most conservative thermal-
hydraulic consequences to represent a composite group. The group frequency is then

determined by algebraically summing the individual design frequencies.

Pressure and thermal stress variations associated with the design transients are considered
in the design of supports, valves, and piping within the reactor coolant pressure boundary
(RCPB).

In addition to the design transients listed above and included in the fatigue analysis, the
loadings produced by seismic events are also applied in the design of components and
support structures of the RCS. The number of cycles pertaining to fatigue effects of cyclic
motion associated with the seismic events is provided in Subsection 3.7.3. Design loading
combinations for ASME Code Class 1, 2, and 3 components are addressed in Subsection
3.9.3.

ASME Section III defines the plant conditions (Service Level A, B, C, and D, and Test
Conditions) for the design of RCS Class 1 components, auxiliary Class 1 components, RCS

component supports, and reactor internals as described below.

Normal Conditions (ASME Service Level A)

Normal conditions include any condition in the course of startup, operation in the design
power range, hot standby, and system shutdown other than upset, emergency, faulted, or
testing conditions.

Upset Conditions (Incidents of Moderate Frequency: ASME Service Level B)

Upset conditions include any deviations from normal conditions that are anticipated to
occur often enough for the design to include a capability to withstand the conditions
without operational impairment. Upset conditions include transients that result from any
single operator error or control malfunction, transients caused by a fault in a system
component requiring its isolation from the system, and transients due to loss of power.

Upset conditions also include abnormal incidents not resulting in a forced outage as well as
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those that cause forced outages for which the corrective action does not include any repair
of mechanical damage. The estimated duration of an upset condition is included in the
design specifications.

Emergency Conditions (Infrequent Incidents;: ASME Service Level C)

Emergency conditions include deviations from normal conditions that require shutdown for
correction of the conditions or repair of damage in the system. The emergency conditions
have a low probability of occurrence, but are included to demonstrate that no gross loss of
structural integrity will result as a concomitant effect of any damage developed in the
system.

Faulted Conditions (ASME Service Level D)

Faulted conditions are combinations of conditions associated with low probability,
postulated events whose consequences may impair the integrity and operability of the
nuclear energy system to the extent that consideration of public health and safety are
involved. Such considerations require compliance with safety criteria. The methods of
analysis to calculate the stresses and deformations conform to the methods in ASME
Section III, Division 1, Appendix F.

Testing Conditions

Testing conditions include hydrostatic pressure tests of individual components and the
primary system as specified in this section.

In accordance with ASME Section III, emergency and faulted conditions are not included in
fatigue evaluations, with the exception that any significant emergency cycles in excess of

25 are considered in the fatigue analyses.

39.1.1.1 Service Level A Conditions

Service Level A conditions consist of the following events.
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Steady-state operation with normal NSSS parameter variations in the increasing

and decreasing directions

The plant could experience primary and secondary process parameter variations
because of secondary steam conditions. Power step changes of 10 percent are
used to envelop this event. This is conservative since the 10 percent power step
change produces more severe plant process parameter variations than those that
occurred during any normal plant variations as the result of changing steam
conditions.

Each event is assumed to occur 1,500,000 times during the 60-year plant design
life.

Daily load follow operation

For daily load follow operation, the power is maintained at 100 percent for 10
through 16 hours, ramped down from 100 percent to 50 percent over a 2-hour
period, operated for 4 through 10 hours at 50 percent, and then ramped up from 50
percent to 100 percent power over a 2-hour period.

Each event is assumed to occur 22,000 times during the 60-year plant design life.
Turbine power step changes of 10 percent power (15 to 100 percent power)

This event is a turbine power change from 100 to 90 percent power and from 90 to
100 percent power. The transients of step change from 25 to 15 percent power
and step change from 15 to 25 percent power are also considered. These power
step changes are representative of other power levels and serve to envelop smaller

power step changes.

Each event is assumed to occur 3,200 times during the 60-year plant design life.
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Turbine power step changes of 1 percent power (5-15 percent)

This power step change is from 15 to 14 percent power and from 14 to 15 percent
power. The transients of step change from 6 to 5 percent power and step change
from 5 to 6 percent power are also considered. These power steps are
representative of other low power levels and serve to envelop other possible power
steps.

Each event is assumed to occur 1,600 times during the 60-year plant design life.
Turbine load rejection up to 50 percent power (50-100 percent power)

This event is a load rejection up to 50 percent power. The load rejection from
100 percent to 50 percent power is more severe than any other smaller load
rejection.

This event is assumed to occur 60 times during the 60-year plant design life.

Turbine generator runback to house load

This event is a loss of offsite load with the turbine running back to house load.
The house load is about 5 percent of full power conditions.

This event is assumed to occur 60 times during the 60-year plant design life.
Reactor trip

This event is an uncomplicated reactor trip. The uncomplicated reactor trip is an
event when the reactor trip is the event initiator. A reactor trip can occur at any

power level and causes a turbine trip.

This event is assumed to occur 150 times during the 60-year plant design life.
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Turbine trip

This event is a turbine trip caused by a mechanical or electrical problem.

This event is assumed to occur 150 times during the 60-year plant design life.

Turbine power ramp changes of 5 percent/min (15-100 percent power)

This event is a turbine power ramp change from 100 to 15 percent power and
power ramp change from 15 to 100 percent power. The turbine power ramp
changes of 5 percent/min between these power levels are more severe than power
ramps from any other power levels and serve to envelop the less severe power

ramps.

Each event is assumed to occur 3,200 times during the 60-year plant design life.

Turbine power ramp changes of 1 percent /min (5-15 percent power)

This event is a turbine power ramp change from 15 percent to 5 percent power and
power ramp change from 5 percent to 15 percent power. The turbine power ramp
changes of 1 percent/min between these power levels are more severe than power
ramps from any other power levels and serve to envelop the less severe power

ramps.

Each event is assumed to occur 1,600 times during the 60-year plant design life.

Loss of main FW pumps without reactor trip

The loss of main feedwater pumps without generating a reactor trip event is
composed of two events: loss of a main feedwater pump and loss of two main
feedwater pumps. The loss of one main feedwater pump results in a minor
system transient. The two remaining feedwater pumps automatically increase
their speeds to match the flow rate requirements of the original power level. The
loss of two main feedwater pumps at 100 percent power envelops all other
possible cases that may occur during part load operation.

3.9-7 Rev. 0



APR1400 DCD TIER 2

This event is assumed to occur 60 times during the 60-year plant design life.

NSSS operations with manual control of the CEAs, turbine bypass valves,
pressurizer spray/heaters, pressurizer level control, and feedwater flow (0 to

5 percent power)

This event consists of several manual operations that can be expected to occur
during low power conditions. These include the manual operation of the CEAs,
turbine bypass valves, pressurizer spray/heaters, pressurizer level control, and the
feedwater flow control.

This event is assumed to occur 1,600 times during the 60-year plant design life.

Opening or closure of the economizer feedwater control valve

The steam generator has two feedwater control valves to provide the necessary
flow control over the full power range. The smaller downcomer valve controls
flow between 0 percent and 20 percent power and the larger economizer feedwater
valve controls flow between 20 percent and 100 percent power. The feedwater
valve switch is performed at 20 percent reactor power during power increase and
at 18 percent reactor power during power decrease.

This event is assumed to occur 500 times during the 60-year plant design life.

NSSS operations with the NSSS control systems in the manual mode (5-100

percent power)

This event consists of several manual operations that can be expected to occur
during the 5 to 100 percent power range. It includes manual operation of the
CEAs, turbine bypass valves, pressurizer spray/heaters, pressurizer level control,
and the feedwater flow control. The control systems can be manually controlled

within the normal automatic control bands.

This event is assumed to occur 3,200 times during the 60-year plant design life.
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Manual operation of the auxiliary spray system

The manual operation of the auxiliary spray system may be required during power
operation to reduce primary pressure excursions when the main spray system is
out-of-service. This transient may be especially severe for the pressurizer spray
line since isolated fluid in the auxiliary spray line may cool down to low
temperatures before being sprayed into the pressurizer.

This event is assumed to occur 250 times during the 60-year plant design life.
High capacity steam generator blowdown

The steam generator high capacity blowdown is performed with a flow rate of
approximately 5 percent of the steam generator maximum steaming rate to
maintain steam generator chemistry within control limit.

This event is assumed to occur 3,200 times during the 60-year plant design life.
Shift from normal to maximum CVCS flow rate

The chemical and volume control system (CVCS) letdown and charging flow rates
may be increased to support daily load follow operations or to more rapidly reduce
impurities in the RCS.

This event is assumed to occur 3,200 times during the 60-year plant design life.

Low-low VCT level and charging pump diversion to the boric acid storage tank

Low volume control tank (VCT) level results in diverting the charging flow

sources from VCT to the boric acid storage tank.

This event is assumed to occur 60 times during the 60-year plant design life.
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Spurious actuation of the pressurizer spray

The spurious actuation of the pressurizer spray may occur because of a mechanical
or a control system failure. The failure is assumed to open both spray valves
while the plant is operating at full power. This is the more severe event of the
possible spray valve failures and envelops other possible failures.

This event is assumed to occur 60 times during the 60-year plant design life.
Spurious actuation of the pressurizer heaters

The spurious actuation of the pressurizer heaters may occur because of a
mechanical or a control system failure. The failure is assumed to actuate all
pressurizer heaters while the plant is operating at full power and at hot standby.
This event is assumed to occur 60 times during the 60-year plant design life.
Inadvertent closure of one economizer or downcomer FW control valve

The spurious closure of one economizer or downcomer feedwater control valve
may occur because of a mechanical or a control system failure. The failure will
result in the loss of feedwater flow to the economizer section of one steam
generator.

This event is assumed to occur 60 times during the 60-year plant design life.
Inadvertent opening of one economizer or downcomer FW control valve

The spurious opening of one economizer or downcomer feedwater control valve
may occur because of a mechanical or a control system failure. The failure will
result in increase of feedwater flow to the economizer section of one steam

generator.

This event is assumed to occur 60 times during the 60-year plant design life.
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Inadvertent isolation of one main FW heater

The inadvertent isolation of one main feedwater heater may result from an
operator error or mechanical failure. This event results in a decrease in feedwater
temperature to the steam generator.

This event is assumed to occur 60 times during the 60-year plant design life.

Startup and coastdown of a reactor coolant pump at hot standby (HSB)

The startup and coastdown of a reactor coolant pump at HSB occur during each
plant heatup and cooldown operation.

This event is assumed to occur 2,000 times during the 60-year plant design life.

Startup and shutdown of the shutdown cooling system at hot shutdown (HSD)

The startup and shutdown of shutdown cooling system (SCS) at HSD condition

occur during each plant cooldown and heatup operations.

This event is assumed to occur 250 times during the 60-year plant design life.

Spurious startup of a safety injection pump during shutdown condition

Spurious startup of a safety injection pump during shutdown condition is

considered to occur due to operator error or control system failure.

This event is assumed to occur 60 times during the 60-year plant design life.
Spurious actuation of the pressurizer heaters at HSB

The spurious actuation of the pressurizer heaters may occur because of a

mechanical or a control system failure. The failure is assumed to actuate all
pressurizer heaters while the plant is operating at hot standby condition.
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This event is assumed to occur 60 times during the 60-year plant design life.

ab. Plant heatup and cooldown

Plant heatup is defined as operations that bring the RCS from a condition where
the reactor is subcritical and the RCS is at nearly ambient temperature and
atmospheric pressure to a condition where the system temperature and pressure are
at their normal operating zero power values. The temperature changes of 37.8 °C
(100 °F) per hour that bound the heatup rate are conducted by four reactor coolant
pumps (RCPs). The heatup rate is controlled by the shutdown cooling system
and the steam generators. The heatup rate for the pressurizer is 93.3 °C (200 °F)
per hour.

Plant cooldown is a series of operations that bring the RCS from a power
operation condition to a cold shutdown condition in preparation of refueling or
other maintenance operations. The cooldown operations represented by ramp
changes in temperature of 37.8 °C (100 °F) per hour that bound the cooldown rate
are performed by the steam generator steam dump and shutdown cooling operation.

The cooldown rate for the pressurizer is allowed up 93.3 °C (200 °F) per hour.

Each event is assumed to occur 250 times each during the 60-year plant design life.

3.9.1.1.2 Service Level B Conditions

Service Level B Conditions consist of the following events.
a. Decrease in FW temperature
A decrease in main feedwater temperature results in an increase in heat removal by
the secondary system. A postulated failure in the feedwater train is assumed to

result in a decrease in feedwater enthalpy.

This event is assumed to occur 20 times during the 60-year plant design life.
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Increase in FW flow rate

An increase in feedwater flow results in an increase in heat removal from the
secondary system. A failure in the main feed train is assumed to cause an
increase in feedwater flow up to a maximum flow rate of about 160 percent of
rated flow.

This event is assumed to occur 20 times during the 60-year plant design life.

Increase in steam flow rate

An increase in main steam flow results in an increase in heat removal from the
secondary system. A failure in the secondary system is assumed to cause an

increase in steam flow up to about 11 percent of the full-power steaming rate.

This event is assumed to occur 20 times during the 60-year plant design life.

Inadvertent opening of a main steam safety valve

An inadvertent opening of a main steam safety valve results in an increase in heat
removal from the secondary system. The event is postulated to result in the

increase in main steam flow while operating at full power.

This event is assumed to occur 10 times during the 60-year plant design life.

Loss of external load

A loss of external load (event) occurs due to the separation of the turbine/generator
from the electricity distribution grid. When house load operation is operable, the
plant is controlled by reactor power cutback system (RPCS) and steam bypass
control system without a reactor trip for loss of external load. When the house
load operation is not operable, the turbine is tripped for loss of external load, the
turbine stop valve is closed, and the steam flow from the steam generator to the
turbine is blocked. This event shows the loss of external load for an inoperable
case of house load operation.
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This event is assumed to occur 20 times during the 60-year plant design life.

Loss of condenser vacuum

A loss of condenser vacuum event results in a decrease in heat removal from the
secondary system. A loss of condenser vacuum can be caused by the failure of
the circulating water system providing condenser cooling, failure of the main
condenser evacuator system to remove non-condensable gases, or excessive in-
leakage of air through a turbine gland. The turbine is assumed to trip
immediately upon the loss of condenser vacuum.

This event is assumed to occur 20 times during the 60-year plant design life.

Loss of non-emergency AC power to the station auxiliaries

A loss of non-emergency AC power to the station auxiliaries event results in a
decrease in heat removal by the secondary system. This event may result from a
complete loss of the external grid or a loss of the onsite AC power distribution
system. Emergency power is still supplied to the plant by emergency diesel
generators. The loss of non-emergency AC power to the station results in the
loss of the busses that power the reactor coolant pumps, thereby causing all the

pumps to coast down.

This event is assumed to occur 20 times during the 60-year plant design life.

Main steam isolation valve closure

A main steam isolation valve (MSIV) closure event results in a decrease in heat
removal by the secondary system. An MSIV closure event is initiated by the
closure of all the MSIVs that is the result of a spurious closure signal (e.g.,
spurious main steam isolation signal). This results in termination of both main
steam and main feedwater flow because the main steam isolation signal closes the

main feedwater isolation valves.

This event is assumed to occur 20 times during the 60-year plant design life.
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Loss of normal feedwater flow

A loss of main feedwater flow event results in a decrease in heat removal from the
secondary system. The loss of main feedwater flow is caused by losing one or
both main feedwater pumps or by spurious signals in the feedwater control system.
The limiting loss of main feedwater event is defined as the total loss of main
feedwater to both steam generators. The loss of main feedwater flow results in a
decreasing steam generator level and an increasing secondary pressure. These
secondary variations cause a corresponding increase in primary system
temperatures and pressures.

This event is assumed to occur 20 times during the 60-year plant design life.

Loss of forced reactor coolant flow

A loss of forced reactor coolant flow event results in a decrease in the RCS flow.
The loss of forced reactor coolant could be initiated by a failure in the RCP
auxiliary system or loss of non-emergency AC power.

This event is assumed to occur 20 times during the 60-year plant design life.
Natural circulation cooldown (HSB to HSD)

If the AC power to all non-safety systems including the RCPs is lost during power
operation, the plant is tripped and cooled down in a natural circulation mode.
The amount of time needed to achieve plant shutdown conditions will be greater.
Only safety-related systems are used to cool down the plant. A natural
circulation cooldown operation is necessary to cool down the RCS from the HSB

to HSD condition at which the operation of shutdown cooling system is allowed.

This event is assumed to occur 10 times during the 60-year plant design life.
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Uncontrolled CEA withdrawal at low power

An uncontrolled control element assembly (CEA) withdrawal at low power or
subcritical condition results in a reactivity or power distribution anomaly. The
CEA withdrawal at low power or subcritical conditions adds positive reactivity to
the reactor core by removing regulating CEAs. This causes an increase in core
power and heat flux resulting in increasing core temperatures and pressures.

This event is assumed to occur five times during the 60-year plant design life.

Uncontrolled CEA withdrawal at high power

An uncontrolled CEA withdrawal at high power event causes a reactivity or power

distribution anomaly.

This event is assumed to occur five times during the 60-year plant design life.
Control rod misoperation, RPCS inadvertent operation, or operator error

A single, full-length CEA drop event causes a reactivity or power distribution
anomaly. The CEA drop is caused by failure in the CEA drive mechanism
causing an initial insertion of negative reactivity.

This event is assumed to occur 50 times during the 60-year plant design life.

Loss of component cooling water to the letdown heat exchanger

The loss of component cooling water to the letdown heat exchanger event results
in increase in RCS inventory. The letdown isolation valve closes on high
letdown flow temperature to prevent CVCS equipment from being exposed to high

temperature conditions.

This event is assumed to occur 10 times during the 60-year plant design life.
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CVCS malfunction that increases RCS inventory

A CVCS malfunction event results in an increase in RCS inventory. The limiting
scenario with respect to increases in RCS inventory is the pressurizer level control
system malfunction. During this event, the letdown line is isolated and the
charging control valve is fully opened.

This event is assumed to occur 10 times during the 60-year plant design life.

Inadvertent opening of the pilot-operated safety relief valve (POSRV closes as
expected)

The inadvertent opening of the POSRYV is an incident that results in a decrease in
RCS inventory. Only one POSRYV is assumed to open. The RCS pressure stops
to decrease as the POSRYV recloses.

This event is assumed to occur 10 times during the 60-year plant design life.
Failure of small lines carrying coolant outside containment (letdown line break)
The double-ended break of a letdown line outside containment event results in a
decrease in RCS inventory. Because of the pipe size, the consequences of a
double-ended letdown line break outside containment bound all possible
instrument or sample line breaks.

This event is assumed to occur 20 times during the 60-year plant design life.
Reactor coolant pump seal failure

An RCP seal failure event is set as a DBE for the design of the RCP bleed-off line.

This event is assumed to occur 10 times during the 60-year plant design life.
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Loss of seal injection with loss of cooling water

A loss of seal injection with a loss of cooling water event is set as a DBE for the
design of the RCP bleed-off line.

This event is assumed to occur five times during the 60-year plant design life.

Service Level C Conditions

There are no events classified as a Service Level C Condition.

39.1.14

Service Level D Conditions

Service Level D Conditions consist of the following events:

Steam system piping failure

A main steam line break (MSLB) results in an increase in heat removal by the
secondary system. A rupture in the main steam line is postulated to cause an
uncontrolled blowdown of the steam generators until the main steam isolation
valves (MSIVs) close upon the receipt of a main steam isolation signal (MSIS).
If the steam line break occurs downstream of the MSIV, the closure of the MSIVs
will terminate the primary system cooldown. If the steam line break occurs
upstream of the MSIVs, the ruptured steam generator continues to blow down after
MSIS, causing a greater cooldown of the primary system.

This event is assumed to occur one time during the 60-year plant design life.
Feedwater system line break (FWLB)

The feedwater system pipe break or feedwater line break (FWLB) is an accident
that results in a decrease in heat removal from the secondary system. A break in
the feedwater system piping is postulated to occur and cause a dependent loss of
the main feedwater pumps. If the break occurs upstream of the reverse flow
check valves, the thermal-hydraulic response will be similar to that of a loss of
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normal feedwater flow event. If the break occurs between the last reverse flow
check valve and the steam generator, both steam generators blow down until the
main steam isolation valves close following receipt of a main steam isolation

signal.

This event is assumed to occur one time during the 60-year plant design life.
Reactor coolant pump rotor seizure

A single RCP rotor seizure with the loss of offsite power is an accident that results
in a decrease in reactor coolant system flow rate. The RCP rotor seizure is
caused by the seizure of either the upper or the lower RCP thrust-journal bearings.
This event is assumed to occur one time during the 60-year plant design life.
Reactor coolant pump shaft break

An RCP shaft break with the loss of offsite power is an accident that results in a
decrease in reactor coolant system flow rate. A single reactor coolant pump shaft
break is postulated to cause a low reactor coolant system flow trip by reactor
protection system.

This event is assumed to occur one time during the 60-year plant design life.

Rod ejection accident

A CEA ejection is an accident that causes a reactivity or power distribution
anomaly. The CEA ejection is postulated to be caused by a circumferential
rupture of the CEA drive mechanism housing or nozzle. The rupture is assumed
to allow the instantaneous ejection of the rod with the largest reactivity bite. The
subsequent rapid reactivity excursion will cause variations in the NSSS process

parameters.

This event is assumed to occur one time during the 60-year plant design life.
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Inadvertent opening of pilot-operated safety relief valve (POSRYV fails to close)
The inadvertent opening of POSRYV is an accident that results in a decrease in RCS
inventory. The RCS pressure will decrease continuously as the POSRV fails to
close. Hence, a reactor trip occurs due to the low pressurizer pressure. This
event is a small break loss of coolant accident.

This event is assumed to occur one time during the 60-year plant design life.
Steam generator tube rupture (SGTR)

The steam generator tube rupture (SGTR) is an accident that causes a decrease in
RCS inventory. It is postulated that a double-ended rupture of a single U-tube
occurs penetrating the barrier between the reactor coolant system and the main
steam system.

This event is assumed to occur one time during the 60-year plant design life.

Loss-of-coolant accident (LOCA) resulting from postulated pipe breaks within the
RCS pressure boundary

The LOCA is an accident that results in a decrease in RCS inventory.

This event is assumed to occur one time during the 60-year plant design life.

Total loss of feedwater flow (TLOFW)

The total loss of feedwater flow event is a beyond design bases event. This event
is initiated by a loss of main and auxiliary feedwater flow and results in decrease

in RCS heat removal.

This event is assumed to occur one time during the 60-year plant design life.
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Testing Conditions

Testing conditions consist of the following events.

a.

RCS hydrostatic test

The hydrostatic test is performed to provide reasonable assurance of the integrity
of the RCS pressure boundary, its components, and associated unisolable piping
systems at 125 percent of design pressure.

This event is assumed to occur 15 times during the 60-year plant design life.
Secondary hydrostatic test

The secondary hydrostatic test is performed to provide reasonable assurance of the
integrity of the secondary side of steam generator, including the unisolable portion
of the main steam, main feedwater, blowdown, recirculation, and auxiliary
feedwater lines, at 125 percent of design pressure.

This event is assumed to occur 15 times during the 60-year plant design life.

RCS leak test

Whenever the RCS has been opened, an RCS leak test is conducted at the normal
operating pressure. The RCS loop pressure is raised following the limitations
curve of the plant hydrostatic test by control of charging and letdown flow.

This event is assumed to occur 200 times during the 60-year plant design life.

Secondary leak test

Whenever the secondary system has been opened, a secondary side leak test is

conducted at the design pressure.

This event is assumed to occur 200 times during the 60-year plant design life.
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e. SIS/SCS preoperational and maintenance test

SIS/SCS preoperational and maintenance test is conducted to provide reasonable
assurance of the operability of SIS/SCS components. The preoperational test is a
pre-core testing performed to provide reasonable assurance that the components
and/or systems perform their intended functions. The maintenance test provides
reasonable assurance that the components perform their intended functions after
maintenance.

This event is assumed to occur 360 times during the 60-year plant design life.

f.  SIS/SCS check valve operability tests
SIS/SCS check valve operability test is conducted to provide reasonable assurance
of the operability of SIS/SCS check valves. The test is performed by safety
injection pumps (SIPs) in refueling mode or shutdown cooling pumps (SCPs) in
cold shutdown mode.

This event is assumed to occur 120 times during the 60-year plant design life.

3.9.1.2 Computer Programs Used in Stress Analyses

3.9.1.2.1 Code Class Systems, Components, and Supports

The following paragraphs provide a summary of the applicable computer programs used in
the stress and structural analyses for ASME Code Class systems, components, and supports
in the APR1400 design. The summaries include individual descriptions and applicability
data. The computer codes used in these analyses have been verified in conformance with
design control methods, consistent with the quality assurance program described in Chapter
17.

39.1.2.1.1 ABAQUS

The ABAQUS program is a general-purpose nonlinear finite element program with
structural and heat transfer capabilities. ABAQUS is used for stress analysis of regions of
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vessels, piping, or supports that may deform plastically under prescribed loadings. It is
also used for elastic analyses of complex geometries where the graphics capability enables
a well-defined solution. The thermal capabilities of ABAQUS are used for complex
geometries where simplification of input and graphical output are preferred.

ABAQUS is commercially available and has had sufficient use to justify its applicability
and validity. See Reference 5 for information on ABAQUS.

3.9.1.2.1.2 PICEP

The PICEP program calculates the flow through a crack in a pipe. PICEP uses the
simplified engineering approach for elastic-plastic fracture analysis for finding the crack
opening displacement and area. Fluid calculation options include single and two-phase
flow as well as allowance for friction. PICEP, commercial software, was developed by the
Electric Power Research Institute (EPRI). See Reference 22 in Subsection 3.6.5 for
information on PICEP.

39.1.2.1.3 ADLPIPE

ADLPIPE is a linear finite element program for the static and dynamic analysis of piping
systems. These systems may include such components as bends, elbows, tees, reducers,
socket or butt welds, flexible couplings, and flanges, with the appropriate flexibility factors
and stress indices accounted for. Support types may include rigid, spring, constant-force,
snubber, anchor, or user-specified types, and may have any desired orientation.

Analyses performed include thermal, dead weight, applied load, frequency and mode shape,
and response spectrum. Following the static and dynamic analysis phase, the program
performs the ASME Section III Class 1 analysis in any manner specified by the user to
create the appropriate loading cases applicable for each of the ASME Code stress equations.
See Reference 6 for information on ADLPIPE.

39.12.14 CLEVER

CLEVER determines SG and snubber stroke, and building interface boundaries for the SG

snubber lever system. The program verifies the kinematics of the snubber lever linkage
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systems based on input motions of the SG lug and detailed snubber lever system geometry.
See Reference 7 for information on CLEVER.

39.1.2.1.5 HeadPR (Head Penetration Reinforcement Program)

The HeadPR computer program calculates the available reinforcement and the
reinforcement that is needed for penetrations in the hemispherical heads. The technique
described in ASME Section is used.

The HeadPR computer program is used to perform the preliminary sizing and
reinforcement calculations for hemispherical heads in the reactor vessel.

The program was verified by comparisons of program results and hand-calculated solutions
of classical problem. See Subsection 3.9.10, Reference 8, for more information.

39.1.2.1.6 CEFLASH-4B

The CEFLASH-4B computer program calculates transient conditions resulting from a flow
line rupture in a water/steam flow system. The program is used to calculate steam
generator internal loadings following a postulated main steam line and main feedwater line
break.

The program was verified by comparison of program results and the result of the
CEFLASH-4A computer program. See Subsection 3.9.10, Reference 9, for more

information.

3.9.1.2.1.7 ANSYS

The ANSYS computer program is a large-scale, general purpose, finite-element analysis
program for linear and nonlinear structural and thermal analyses, and additional descriptive

information on this code is provided in Subsection 3.9.1.2.2.1.

The program is used to numerous applications for all components in the areas of structural,
fatigue, thermal, and eigenvalue analysis. Analysis capabilities include static and dynamic;
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elastic, plastic, creep and swelling; small and large deflections; steady-state and transient
heat transfer; and fluid flow.

The program has been verified by comparison with known theoretical solutions,
experimental results, and by other calculated solutions. See Subsection 3.9.10, Reference

10, for more information.

3.9.1.2.1.8 AFP2D

The AFP2D computer program uses the thermal stresses of two-dimensional axisymmetric
structure resulting from the ANSYS program run. The program combines thermal stresses
calculated for transient load steps with stresses due to pressure and external mechanical
loads, and calculates primary plus secondary stresses, peak stresses and their ranges of

stress intensities and fatigue usage factors.

The program was verified by comparisons of program results and hand-calculated solutions

of classical problems. See Subsection 3.9.10, Reference 11, for more information.

3.9.1.2.1.9 TSPOST

The TSPOST computer program uses the stresses in the tubesheet of the SG resulting from
two-dimensional axisymmetric model using ANSYS program run. The program evaluates
the primary stress by various pressure conditions imposed on the primary and the secondary
side of SG, and calculates range of primary plus secondary stress intensity and cumulative

usage factors, by combining the thermal and pressure stresses.

The program was verified by comparisons of program results and hand-calculated solutions
of classical problems. See Subsection 3.9.10, Reference 12, for more information.

3.9.1.2.1.10  AFPOST
The AFPOST computer program uses the thermal stresses of two- and three-dimensional

structural resulting from ANSYS program run. The program combines thermal stress

calculated for transient load steps with stresses due to pressure and external mechanical
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loads, and calculates primary plus secondary stresses, peak stresses and their ranges of

stress intensities and fatigue usage factors.

The program was verified by comparisons of program results and hand-calculated solutions

of classical problems. See Subsection 3.9.10, Reference 13, for more information.

3.9.1.2.1.11 ATHOS3

The ATHOS3 is a three-dimensional, two-phase flow distribution computer program with
both steady-state and transient capability. Homogeneous and axial flow algebraic slip
models are available. A typical geometric model includes approximately 1000 cells but
more detailed models are possible. Secondary fluid results include the velocity vector
components in the three coordinate directions, pressure, temperature/quality, and density in
each cell. The corresponding heat flux, tube wall temperature, and primary temperatures
and the circulation ratio are also output. Vector and scalar plotting is available. In

transient calculations, water level and steam flow are calculated as a function of time.

The program was verified by comparing the results to measured data from small-scale
experiments, model SGs, and full-scale SGs (see Subsection 3.9.10, Reference 14 for more

information).

3.9.1.2.1.12 AFPOST+e

The AFPOST+e is a fatigue evaluation program that uses environmental fatigue factors
(Fen factor) for pressure vessel. This program combines thermal stresses from ANSYS
thermal stresses result with other loads depending on several options to give total stresses
and stress intensities range. Then, transformed strain rate is calculated in accordance with
NRC RG 1.207 (NUREG/CR-6909) using combined total stresses. The program converts
sulfur value, oxygen value, and temperature listed in NRC RG 1.207 (NUREG/CR-6909)
into transformed sulfur value, transformed oxygen value, and transformed temperature to

calculate Fen factor and performs fatigue evaluation with environmental effect considered.

The program was verified by comparison of the results from the program run and hand-

calculation for a test problem. See Subsection 3.9.10, Reference 15, for more information.
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3.9.1.2.1.13 PTXIG

This program applies the procedures of Appendix G of ASME Section XI and the
supplemental procedures in Welding Research Council Bulletin 175 to evaluate pressure
vessels against failure. The program calculates the allowable internal pressure as a
function of crack size, RTxpr, and thermal conditions that are input by the user. The
program was verified by comparison of program results and hand calculations (see
Reference 16 for more information).

3.9.1.2.1.14 PIPESTRESS

PIPESTRESS (Reference 17) is a piping analysis program that is applied to the static and
dynamic analyses including response spectra and time history analyses.

PIPESTRESS is used for the analysis of ASME Section III, Class 1, 2, and 3 (Reference 18)
as well as ASME B31.1 and B31.3 piping systems (References 19 and 20).

3.9.1.2.1.15 REFORC
REFORC determines flow-induced forces in piping system by serving as a post-processor
to a thermal hydraulic transient code, RELAP5/MOD3. See Subsection 3.9.10, Reference

21, for more information.

3.9.1.2.2 Reactor Internals, Fuel and CEDMs

The following computer programs are used in the static and dynamic analyses of reactor
internals, fuel, and CEDMs.

3.9.1.2.2.1 ANSYS
ANSYS is a general-purpose linear and nonlinear finite element program with structural
and heat transfer capabilities, and is described in Reference 22. Finite element analyses of

reactor internal structures such as flanges and the lower support structure are performed
with ANSYS to determine vertical and lateral stiffnesses. The program is also used to
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perform the static and dynamic analyses of the reactor internals to determine its structural

stress responses.

The developer, ANSYS, has published an ANSYS verification manual with numerous

examples of its usage.

39.1.2.2.2 ASHSD

ASHSD is used to obtain the dynamic response of the core support barrel under normal
operating conditions and loss-of-coolant accident (LOCA). The program yields the
dynamic shell and beam mode response of the structural system.

ASHSD has been verified by demonstration that its solutions are substantially identical to
those obtained by hand calculations or from accepted experimental tests or analytical
results. The details of these comparisons are provided in References 23 and 24.

39.1.2.23 CESHOCK

The CESHOCK program is used to obtain the transient response of the reactor internals and
fuel assemblies due to pipe break and seismic loads.

The computer program CESHOCK solves the equations of motion for the response of
structures that can be represented by lumped-mass and spring systems and are subjected to
a variety of arbitrary type loadings. Further description is provided in Reference 25.

CESHOCK has been verified by demonstration that its solutions are substantially identical
to those obtained by hand calculations or from accepted analytical results via an
independent computer code. The details of these comparisons are available in References
24 and 25.

39.1.224 CEFLASH-4B
The CEFLASH-4B computer code (Subsection 3.9.10, Reference 26) predicts the reactor

coolant system pressure and flow distribution during the subcooled and saturated portion of
the blowdown period of a LOCA. The equations for conservation of mass, energy, and
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momentum, along with a representation of the equation of state, are solved simultaneously

in a node and flow path network representation of the primary RCS.

CEFLASH-4B provides transient pressures, flow rates, and densities throughout the
primary system following a postulated pipe break in the RCS.

The CEFLASH-4B computer code is a modified version of the CEFLASH-4A code
(Subsection 3.9.10, References 27 and 28). The CEFLASH-4A computer code has been
approved by the NRC (Subsection 3.9.10, References 29 through 31). The capability of
CEFLASH-4B to predict experimental blowdown data is presented in Subsection 3.9.10,
Reference 26.

3.9.1.3 Experimental Stress Analyses

When experimental stress analysis is used, it is performed in accordance with Appendix II
of ASME Section III, Division 1.

39.14 Consideration for the Evaluation of the Faulted Condition

3.9.1.4.1 Seismic Category I RCS Items

The major components of the RCS are designed to withstand the forces associated with the
design basis pipe breaks described in Section 3.6 in combination with the forces associated
with the safe shutdown earthquake (SSE), in-containment refueling water storage tank
(IRWST) discharge load, and normal operating conditions. For structural evaluation, the
design basis pipe breaks are those breaks for which a leak-before-break (LBB) cannot be
demonstrated. Since the dynamic effects of breaks in piping systems listed in Subsection
3.6.3 are eliminated by LBB, the pipe break loads analysis procedure considers only those
branch line pipe breaks not eliminated by an LBB.

See Subsection 3.9.3 for descriptions of loading combinations.

Analyses are performed to generate component loads and motions due to the forces
associated with branch line pipe breaks. The analyses account for the reactor vessel and
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supports, major connected piping and components and the reactor internals. The results of
the analyses include loads on major component supports and RCS piping loads.

The analyses performed for branch line breaks use the ANSYS (Subsection 3.9.1.2.1.7)
code.

The resultant component and support reactions are specified, in combination with the
appropriate normal operating and seismic reactions, for design verification by the methods
described below and in Subsection 3.9.3.

The system or subsystem analysis used to establish or confirm loads that are specified for
the design of components and supports is performed on an elastic basis.

When an elastic system analysis is used to establish the loads that act on components and
supports, elastic stress analysis methods are also used in the design calculations to evaluate
the effects of the loads on the components and supports. In particular, inelastic methods
such as plastic instability and limit analysis methods, as defined in the ASME Section III,
are not used in conjunction with an elastic system analysis. The RCS and associated
supports, which are analyzed using elastic methods, are shown in Figure 3.9-1.

Inelastic methods of analysis are used in cases where deemed desirable and appropriate to
permit significant local inelastic response. In these cases, if any, the system or subsystem
analysis performed to establish the loads that act on components and component supports
are modified to include the inelastic strain compatibility in the local regions of the
components and component supports at which significant local inelastic response is
permitted.

Inelastic methods defined in the ASME Section III as plastic instability or limit analysis
methods are not used.

39.14.1.1 Non-Code Items

The components not covered by the ASME Code but related to plant safety include:

a. Reactor internal structures (Class IS)
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b. Fuel

c. Control element drive mechanisms (CEDMs)

d. Control element assemblies (CEAs)
Each component is designed in accordance with the relevant criteria to provide reasonable
assurance of its operability as related to safety. The fuel assembly and CEA design is
described in Section 4.2. The non-code components of the CEDMs are proven by testing

as described in Subsection 3.9.4.4.

3.9.2 Dynamic Testing and Analysis of Systems, Components, and Equipment

3.9.2.1 Piping Vibration, Thermal Expansion, and Dynamic Effects

Piping vibration, thermal expansion, and dynamic effects are tested during the initial test
program (ITP) as delineated in Section 14.2. The ITP of piping systems is applicable to
the following systems:

a. ASME Section III Class 1, 2, and 3 piping systems

b. High-energy piping systems inside seismic Category I structures

c. High-energy portions of piping systems whose failure could reduce the
functioning of any seismic Category I plant feature to an unacceptable level.

d. Seismic Category I portions of moderate-energy piping systems located outside
the containment.

The ITP is conducted in accordance with the ASME OM (Reference 32).
The ITP is implemented to demonstrate that these piping systems, restraints, components,
and supports have been designed to withstand flow-induced dynamic loading under the

steady-state and operational transient conditions anticipated during service, to confirm that

proper allowance for thermal contraction and expansion is provided, and to demonstrate
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that piping vibrations are within the acceptable level. The supports and restraints
necessary for operation during the life of the plant are considered to be parts of the piping
system.

The ITP includes a list of systems, flow modes, and selected locations for visual inspections
and other measurements, the acceptance criteria, and possible corrective actions if
excessive vibration or indications of thermal motion restraint occur.

The proper installation and operation of snubbers is verified through visual inspections, hot
and cold position measurements, and observation of thermal movements during the ITP.
The list of snubbers on systems that experience sufficient thermal movements from cold to
hot position is provided as part of the ITP to measure snubber travel. In addition, the ITP
includes the procedure necessary to verify the snubber operability when snubber travel is
not measured.

3.9.2.1.1 Steady-State Vibration

The above piping systems in Subsection 3.9.2.1 with the potential to experience significant
vibration are monitored for steady-state vibration.

The details relating to this test are described in the test procedure prepared in accordance
with ASME OM (Reference 32), Part 3. The piping is monitored for normal operating and
test modes along with operating modes expected to result in the most severe vibration.
The piping is visually inspected and vibration movements are measured using portable
instrumentation at locations where the vibration is determined to be the most severe. The
piping, if necessary, is instrumented and monitored remotely.

The measured piping displacements are compared with allowable displacement limits that
are based on the allowable stress amplitudes, S,y;, calculated in accordance with ASME OM,
Part3. S,y is limited as defined below.

a. For ASME Section III Class 1 piping systems

— C2K2 M < Sc]

S
alt Z a
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Where:

C = secondary stress index as defined in ASME Section III

K, = local stress index as defined in ASME Section III

M = maximum zero to peak dynamic moment loading due to
vibration only, or in combination with other loads, as required
by the system design specification

Sa = 0.8 Sa, where S, is the alternating stress at 10° cycles in psi
from ASME Section III, Appendices, Figure 1-9.1; or S, at
10" cycles from the ASME Section III, Appendices, Figure I-
9.2.2. The user considers the influence of temperature on
the Modulus of Elasticity.

Z = section modulus of the pipe

o} = allowable stress reduction factor: 1.3 for materials covered by

the ASME Section III, Appendices, Figure 1-9.1; or 1.0 for
materials covered by the ASME Section III, Appendices,
Figure [-9.2.1 or 19.2.2

b. For ASME Section III Class 2 and 3 piping systems and ASME B31 piping

systems
S, = &M <=
Z o
Where:
CK, = 2i
i = stress intensification factor, as defined in ASME Section III,

Subsections NC and ND or ASME B31

The allowable stress reduction factor provides reasonable assurance that the alternating
stress S,i¢ is based on the number of cycles during the design life.

If the measured piping displacements exceed allowable limits, one or more of the following

actions are taken so that the vibration can be qualified.
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a. Analyses are performed to show that the measured displacements are acceptable.

b. Additional testing is performed to show that the peak stresses due to the vibration
are acceptable.

c. The source of the excessive vibrations is eliminated.

d. The pipe supporting arrangement is modified to reduce the vibration within
acceptable levels.

3.92.1.2 Dynamic Transient Vibration

The dynamic transient vibration differs from steady-state vibration in that it occurs in a
relatively short period of time and is usually generated by much larger forces.

In piping systems, the dynamic transient vibrations are most evaluated on the basis of pipe
deflections and reactions. The primary cause of the dynamic transient vibrations is a high-
pressure or low-pressure pulse traveling through the fluid. The dynamic transient
vibrations are usually induced by rapid start or trip of a pump or turbine, and the quick
closing or opening of valves such as turbine-stop valves and various types of control valves.
The dynamic transients also occur as a result of rapid actuation of safety/relief valve (SRV)
opening or as a result of unexpected events, such as condensed water accumulating at a low

point in steam piping during a plant outage.

The operational dynamic transient condition having significant impact on the piping system
is included in the test. The piping system is verified to operate appropriately by
monitoring piping and pipe supports, including snubbers, subjected to the effects of the
operational dynamic transient condition during the test.

The piping is instrumented to measure the system response during the dynamic transient
events. The measured responses are compared with analytically predicted values from the

piping stress reports.

If excessive system vibration is apparent during the dynamic transient events, an evaluation

is performed to determine the cause and to identify the corrective action.
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Alternatively, an analysis may be performed to demonstrate that the measured dynamic
transient vibration does not cause the piping system in question to exceed stress or fatigue

acceptance criteria.

39.2.13 Thermal Expansion

For piping systems expected to experience significant thermal movements, the thermal
expansion test is performed to verify that the piping system expands and contracts within
the acceptable limits based on analytically predicted movements from the piping stress
analyses during the ITP and is performed in accordance with the requirements of ASME
OM, Part 7.

Prior to heatup, the locations of potential thermal interferences are identified and
appropriate corrective restraints are installed through a pre-heatup walkdown. One

complete thermal cycle (i.e., cold to hot position and back to cold position) is monitored.

The piping and components are visually inspected and piping displacements are monitored
at predetermined locations. The measurement locations are based on those of snubbers,
hangers, and expected large displacements.

3922 Seismic Analysis and Qualification of Seismic Category I Mechanical
Equipment
3.9.2.2.1 Seismic Qualification Testing

The recommended guidance and requirements in NRC RG 1.100 (Reference 33) and IEEE
Std. 344-2004 (Reference 34) are used for the development and implementation of methods
and procedures for seismic qualification of mechanical and electrical equipment. The

seismic qualification testing methods for safety-related mechanical equipment are described
in Subsection 3.10.2.2.

3.92.2.2 Seismic System Analysis Methods

The seismic system analysis methods (e.g., response spectra analysis, time-history analysis,
equivalent static load analysis) are described in Subsections 3.7.2 and 3.7.3. The method
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of analysis for piping and supports is described in Section 3.12. Seismic analysis methods
for mechanical equipment and supports use the guidelines in IEEE Standard 344-2004
(Reference 35) and Subsection 3.10.2 and 3.10.3. The seismic analysis of mechanical
4equipment is performed by vendors to provide a seismic qualification report that
demonstrates the structural integrity in accordance with the requirement of the design
specification. The RCS seismic analysis is described in Appendix 3A.

39223 Determination of Number of Earthquake Cycles

The OBE is chosen as 1/3 of the SSE for the APR1400 (see Section 3.7). When the OBE
is less than or equal to 1/3 SSE, design or analysis is not required for the OBE.

With the elimination of the OBE, to account for fatigue in analysis and testing, the guidance
for determination of the number of earthquake cycles described in SECY-93-087
(Reference 35) is used to account for fatigue in analysis and testing. For piping analysis,

the number of earthquake cycles to be considered is defined in Subsection 3.7.3.1.

Alternatively, an equivalent number of fractional vibratory cycles to that of 20 full SSE
vibratory cycles may be used (but with an amplitude not less than one-third of the
maximum SSE amplitude) when derived in accordance with Appendix D of IEEE Standard
344-1987.

39224 Basis for Selection of Frequencies

The seismic analysis is accomplished to account for the resonant frequencies and the
seismic responses of structures, subsystems, and components in their design. The stiffness
of the restraints and supports system is designed to be greater than the zero period
acceleration (ZPA). The seismic responses of equipment and subsystems are maintained
within the established limits. If the natural frequencies of the equipment and supporting
structures are in the same range where resonance can occur, the resonance is considered for

the seismic design.
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39225 Three Components of Earthquake Motion

The combination of three directional components of earthquake motion is in accordance
with NRC RG 1.92 (Reference 36) as described in Subsections 3.7.2.6 and 3.12.3.2.

3.9.2.2.6 Combination of Modal Responses

The combination of modal responses is applicable when the response spectrum method of
analysis is used, because the phase relationship between various modes is not identified and
only the maximum responses for each mode are determined. Modal responses are
combined by the methods described in Subsection 3.7.2.7.

For piping analysis, the guidance on combining the individual modal results in NRC RG
1.92 is used as described in Subsection 3.12.3.2.

3.9.2.2.7 Analvtical Procedures for Piping

All seismic Category I and II piping is analyzed for seismic effects as described in
Subsection 3.12.3.

3.92.2.8 Multiple-Supported Equipment Components with Distinct Inputs

When the equipment or component is supported at points with different elevations within a
building and between buildings, either the envelope of these elevation response spectra or
multiple supports excitation is used for the seismic qualification of the equipment.

For analyzing the piping systems supported at multiple locations within a single structure or

multiple structures, the used method is described in Subsection 3.12.3.2.

3.9.2.2.9 Use of Constant Vertical Static Factors

A constant static factor is not used for the seismic design of seismic Category I structures,
systems, and components specified in Subsections 3.7.2.10 and 3.7.3.6.
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3.9.2.2.10 Torsional Effects of Eccentric Masses

All concentrated loads in a piping subsystem, such as valves and valve operators, are
modeled as massless members with the mass of each component lumped at its center of
gravity. Massless members are modeled by connecting the center of gravity of
components to the centerline of piping so that the torsional effects of the eccentric masses
are considered.

Torsional effects of eccentric masses are also considered in the analysis of seismic Category
I subsystems other than piping.

392211 Buried Seismic Category I Piping Conduits, and Tunnels

The seismic criteria and methods used to analyze buried seismic Category I piping, conduit,
and tunnels are addressed in Subsections 3.7.3.7 and 3.12.3.8.

3.9.2.2.12 Interaction of Other Piping with Seismic Category I Piping

Interaction of other piping with seismic Category I piping is addressed in Subsection
3.12.3.7.

3.9.2.2.13 Analysis Procedure for Damping

The damping values used for seismic analysis are consistent with NRC RG 1.61 (Reference
37) as described in Table 3.7-7.

3.9.2.2.14 Test and Analysis Results

The test and analysis results are documented and available for review.  The
implementation program that includes milestones and completion dates is further described
in Section 3.10.

3923 Dynamic Response Analysis for Reactor Internals under Operational

Flow Transients and Steady-State Conditions
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The flow-induced vibration of the reactor internals components during normal operation
can be characterized as a forced response to both deterministic and random pressure
fluctuations in the coolant. Methods have been developed to predict the various
components of the hydraulic forcing function and the response of the reactor internals to

such excitation.

This analytical methodology is summarized in Figure 3.9-2. The method separates the
response calculations into two groups in accordance with the physical nature of the loading.
Methods for developing the deterministic component of the hydraulic forcing function are
described in Subsection 3.9.2.3.1.1, while those relating to the random component are
described in Subsection 3.9.2.3.1.2.

The responses of the reactor vessel core support and internal structures including core
support barrel assembly, upper guide structure assembly, and lower support structure
assembly to the normal operating hydraulic loads are calculated by finite element
techniques. The mathematical models used in these response analyses are described in
Subsection 3.9.2.3.2.  The methods used in calculating the structural responses are
described in Subsection 3.9.2.3.3.

39231 Hydraulic Forcing Function

39.23.1.1 Deterministic Forcing Function

An analysis based on a hydrodynamic model is used to obtain the relationship between
RCP pulsations in the inlet ducts and the deterministic pressure fluctuations on the core
support barrel. A detailed description of this model and subsequent solution are given in
References 38 and 39. The model represents the annulus of coolant between the core
support barrel and the reactor vessel. In deriving the governing hydrodynamic differential
equation for the model, the fluid is taken to be compressible and inviscid. Linearized
versions of the equations of motion and continuity are used. The excitation on the
hydraulic model is harmonic with the frequencies of excitation corresponding to pump

rotational speeds and blade passing frequencies.

The dynamic force on the upper guide structure assembly is due to flow-induced forces on
the tube bank. The deterministic components of these forces are caused by pressure
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pulsations at harmonics of the pump rotor and blade passing frequencies, and vortex
shedding due to crossflow over the tubes.

The in-core instrumentation (ICI) nozzles and the skewed beam supports for the ICI
support plate of the lower support structure are excited by deterministic and/or random,
flow induced forces. The deterministic component of this loading is due to pump-related

pressure fluctuations and vortex shedding due to crossflow.
Data from the System 80 pre-operational test (References 40 and 41) is used to determine
the magnitude of these pulsations at the pump rotor and blade passing frequencies and their

harmonics.

392312 Random Forcing Function

The random hydraulic forcing function is developed by experimental methods. The
forcing function is represented in the form of power spectral density together with
associated coherence area. The forcing function is modified to reflect the flow rate and
density differences based on an analytical expression found in Reference 42.

At normal operating conditions the shroud tubes of upper guide structure assembly are
excited by upstream and wake produced turbulent buffeting. The forcing function for this
type of loading can be represented as a band limited white noise power spectrum.

The ICI nozzles and ICI support plate support beams of the lower support structure
assembly are both subject to turbulent buffeting by the flow skirt jets. The outermost ICI
nozzles and beams receive full impact of the jets before the jets decay due to fluid
entrainment and the presence of inner tube rows. The force spectrum of these jets is
assumed to be represented as wide band white noise. The magnitude of this spectrum is
computed based on data from the System 80 pre-operational tests.

39232 Mathematical Models

A finite element analysis is performed on each of the reactor internals components using
mathematical models. These models are designed to provide the most efficient analysis

under the most significant loading condition to which each structure is exposed. The core
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support barrel (CSB) assembly is modeled as a shell using the ASHSD computer code
(Reference 23) as shown in Figure 3.9-3. The structure is fixed at the upper flange to
determine the beam modes and frequencies. The shell modes and frequencies are found
by considering the upper flange fixed and the lower flange pinned. These analyses
include hydrodynamic mass effects. All significant mode shapes and frequencies are used
in combination to perform the normal operating deterministic response analysis. A
simplified finite element model of the barrel assembly is generated on the ANSYS
(Reference 22) for use in the random response analysis.

The inner barrel assembly is modeled as plate and solid elements using ANSYS computer
code as shown in Figure 3.9-4. The model is used to determine the static and dynamic

characteristics as well as periodic and random response analyses.

The control element assembly (CEA) guide tubes, fuel alignment plate and UGS support
plate are modeled as beam and plate elements using the ANSYS code (Figure 3.9-5). The
model includes additional details in the regions of selected CEA guide tubes and HJTC
tubes to analyze detailed responses of these tubes.

The lower support structure is modeled as plate elements using the ANSYS computer code
to determine the modes, natural frequencies, and responses. The in-core instrumentation
assembly (Figure 3.9-6) is modeled as plate, beam, mass and spring elements using ANSYS

to analyze the dynamic characteristics and responses.

39233 Response Analysis

3.9.233.1 Periodic Response

The normal mode method (Reference 43) is used to obtain the structural response of the
reactor internals to the periodic forcing functions developed in Subsection 3.9.2.3.1.1.
The method is applied to the appropriate finite element models described in Subsection
3.9.2.3.2. Generalized masses based on mode shapes and the mass matrices are calculated
for the modes of vibration of each component. Modal force participation factors are based
on the mode shapes and the predicted periodic forcing functions are calculated for each
mode and forcing function. The generalized coordinate response for each mode is then
obtained from the solution of the corresponding set of independent second order single-
degree of freedom equations. Using mode shapes, the modal responses of the reactor
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internals are obtained by means of the appropriate coordinate transformations. Response
to any specific forcing function is obtained through summation of the component modes for
that forcing function.

392332 Random Response

The normal mode method (Reference 43) is used to obtain the structural response of the
reactor internals subjected to random forcing functions. The random forcing functions are
assumed to be of both the band limited and wide band white noise varieties as described in
Subsection 3.9.2.3.1.2. Experimental and analytical expressions are used to define the
force power spectral density associated with flow related turbulence and jet impact. The
appropriate mathematical models described in Subsection 3.9.2.3.2 are used in the ANSYS
(Reference 22). This code computes the root mean square (RMS) displacements, loads
and stresses in a multi-degree-of-freedom linear elastic structural model subjected to

stationary random dynamic loadings, such as those described in Subsection 3.9.2.3.1.2.

A value of 3 x RMS is used for considering peak responses to random loading. These
peak values are then combined with results from other analyses and used in design
verification analyses. The use of the value 3 x RMS is common design practice based
upon the assumptions of Random Gaussian loading of structures made of ductile materials

as described in Reference 44.

3924 Preoperational Flow Induced Vibration Testing of Reactor Internals

In accordance with NRC RG 1.20 (Reference 45), a comprehensive vibration assessment
program (CVAP) is conducted for reactor internals. The APRI1400 is classified as
non-prototype Category I, as for NRC RG 1.20, with Palo Verde Unit 1, a Westinghouse
System 80 Reactor as the valid prototype (Reference 41). According to CVAP Report of
System 80 Reactor Internals (Reference 41), evaluation of the comparisons of analytical
predictions, test measurements, and visual inspection results leads to the conclusion that the
System 80 Prototype Reactor Internals are structurally adequate and acceptable for long-
term operation. Palo Verde Unit 1 design and the APR1400 design are substantially the
same with regard to arrangement, design, size, and operating conditions. A comparison of
the design arrangement is provided in Table 3.9-15. The comparison of nominal
dimensions for the reactor internals is shown in Table 3.9-16. The comparison of
operating conditions for the reactor internals is shown in Table 3.9-17.
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The CVAP for the APR1400 design consists of the analysis program and inspection
program. The analysis program is described in Subsection 3.9.2.3.

The inspection program consists of a pre-hot functional test inspection and a post-hot
functional test inspection of the reactor internals. The duration of the hot functional test is
established to provide reasonable assurance that 10° cycles of vibration have occurred
before the post-hot functional inspection. A detailed inspection of major load bearing
surfaces, contact surfaces, welds, and maximum stress locations identified in the analysis
program is performed. All observations made during the pre-hot and post-hot functional
test inspections are documented. A comparison of the structures is made to verify that no
loss in structural integrity due to flow-induced vibrations has occurred.

The evaluation, consisting of the analysis program and inspection program, confirms the
adequacy of the analysis prediction techniques and the structural integrity of the APR1400
design according to the guidance of NRC RG 1.20. The COL applicant is to provide the
inspection results for the APR1400 reactor internals classified as non-prototype Category I
in accordance with NRC RG 1.20 (COL 3.9(1)).

NRC RG 1.20, Revision 3, recommends that the potential adverse effects from pressure
fluctuations and vibrations in piping systems be considered for the steam generator
internals in PWRs, which may be adversely affected by the flow-excited acoustic
resonances and flow-induced vibrations. The steam dryers and separators in the APR1400
SG are subject to secondary side steam flow. Although there are instances of similar
components in BWR experiencing excessive vibration resulting from plant power uprate,
none have been reported for PWR SG designs to date. This is further supported by the
Operational Performance Information System for Nuclear Power Plant (OPIS) database,
which also does not have any incidents related to the flow-induced vibration problems for
PWR SG upper internals.

The design of the APR1400 SG upper internals and the flow conditions for which they are
subjected are similar to the existing and currently operating SGs in the Republic of Korea
and around the world. Based on the operational experience for the SG upper internals,
KHNP concludes that these non-safety-related components will not experience excessive
vibration. Consequently, no startup testing with measurement is planned for these

components.
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The vibration of the piping attached to the RCS as well as SG (main steam and main
feedwater lines) is measured during initial startup testing. These measurements will be
taken at discrete piping locations. Strain gages and accelerometers will be used to
measure the vibration at selected locations for both steady-state and transient flow

conditions.

The acceptance criteria for the piping will be based upon satisfying the appropriate
displacement, acceleration, stress, and fatigue. The acquired data will be used to confirm
that unexpected, abnormal vibrations do not occur, and that the vibration responses of the
piping are sufficiently small compared to an acceptance criterion based on the design
fatigue curves in ASME Section III.

3.9.2.5 Dynamic System Analysis of the Reactor Internals under Faulted

Conditions

Dynamic analyses are performed to determine the maximum structural responses of the
reactor internals including the core to postulated pipe breaks and seismic loadings and to
verify the adequacy of their design.

The results of the analyses are required to meet the stress limits of ASME Section III,
Subsection NG, for core support structures and the functional requirements of the reactor
internals design specification. More information on the reactor internals design is
provided Subsection 3.9.5.3.

3.9.2.5.1 Seismic Analysis of Reactor Internals

The seismic analyses of the reactor internals including the core are performed separately for
the horizontal and vertical directions.

In the horizontal direction, because the relative displacements between the core and core
shroud and between the core support barrel and reactor vessel snubbers are sufficiently
large to close the gaps that exist between these components, a nonlinear horizontal time
history analysis is performed. The horizontal nonlinear analysis is divided into two parts.
In the first part, the internals and core are analyzed to obtain the response of the internals

and the proper dynamic input for the reactor core model. In the second part, the core plate
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motion from the first part is applied to a more detailed nonlinear model of the reactor core.
The input excitation to the internals model is the response time-history of the reactor vessel
at the internals support determined from the RCS analysis. Coupling effects between the
internals and reactor vessel are accounted for by including a simplified representation of the
internals with the RCS model.

A nonlinear analysis is also performed in the vertical direction. Possible lifting of the core
off the core support surface, friction between the fuel rods and spacer grids and fuel
assembly holddown force are examples of nonlinear effects included in the vertical analysis.

In these analyses, two horizontal components and one vertical component of the seismic
excitation are considered and the maximum responses for the three components are
combined by the square root of the sum of the squares (SRSS) method.

Equivalent multi-mass mathematical models are developed to represent the reactor internals
and core. The mathematical models of the internals are constructed in terms of lumped
masses and linear elastic-spring elements. At appropriate locations within the internals
and core, nodes are chosen to lump the weights of the structure. The criterion for
choosing the number and location of mass concentration is to provide accurate
representation of the significant modes of vibration of each of the internals components.
Between the nodes, properties are calculated for moments of inertia, cross-sectional areas,
effective shear areas, and lengths. The model definitions employ the procedures
established in Westinghouse Topical Report CENPD-178 (Reference 46) and include
hydrodynamic coupling effects. Separate horizontal and vertical models of the internals
and core are formulated to more efficiently account for structural differences in these
directions. In the horizontal nonlinear lumped mass representation of the internals and
core, shown in Figure 3.9-16, gap and spring elements are used to represent contact
between the fuel and core shroud. Lumped-mass nodes in the core are positioned to
coincide with fuel-spacer grid locations. To simulate the nonlinear motion of the fuel,
nonlinear spring couplings are used to connect corresponding nodes to the fuel assemblies
and core shroud. The core is modeled by subdividing it into fuel assembly groupings and
choosing stiffness values to adequately characterize its beam response and contacting under
dynamic loading.

The horizontal nonlinear reactor core model consisting of one row of 17 individual fuel
assemblies is depicted in Figure 3.9-17. In this model, each fuel assembly is represented
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with mass points located at spacer grid locations. To simulate the gaps in the core,
nonlinear spring couplings are used to connect corresponding nodes on adjacent fuel
assemblies and core shroud. The impact stiffness and impact damping parameters for the
gap elements are derived from the impact tests, which are described in Section 4.2. The
spacer grid impact representation used for the analysis is capable of representing two types
of fuel assembly impact situations. In the first type, only one side of the spacer grid is
loaded. This type of impact occurs when the peripheral fuel assembly hits the core shroud,
or when two fuel assemblies strike one another. The second type of impact loading occurs
typically when the fuel assemblies pile up on one side of the core. In this case, the spacer
grids are subjected to a through-grid compressive loading.

The fuel assemblies in the coupled core/internals model and the detailed core model are
modeled with beam elements to represent the horizontal stiftness between mass points and
rotational springs at each end to simulate the end fixity existing at the top and bottom of the
core. The value used for fuel horizontal stiffness and end fixity is based upon a parametric
study in which analytic predictions are correlated with fuel assembly static and dynamic
test data. Fuel assembly structural damping as a function of vibrational amplitude is
derived from fuel assembly forced vibration and pluck tests. The damping values used in

the seismic analysis of the reactor internals are in accordance with the values in Table 3.7-7.

The vertical nonlinear model is shown in Figure 3.9-18. The vertical model stiffness
values are generally calculated using bar characteristic equations. Nonlinear couplings are
included between components to account for structural interactions such as those between
the fuel and core support plate, and between the core support barrel and upper guide
structure upper flanges. Preloads, which are caused by the combined action of applied
external forces, dead weights, and holddown forces, are also included. Friction elements
are used to simulate the coupling between the fuel rods and spacer grids.

It has been shown both analytically and experimentally (Reference 47) that immersion of a
body in a dense-fluid medium lowers its natural frequency and significantly alters its
vibratory response as compared to those in air. The effect is more pronounced when the
confining boundaries of the fluid are close to the vibrating body as in reactor internals.
The method of accounting for the effects of a surrounding fluid on a vibrating system has
been used to describe the system with additional or hydrodynamic mass. The
hydrodynamic mass of an immersed system is a function of the dimensions of the real mass
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and the space between the real mass and confining boundary. Hydrodynamic mass effects

for moving cylinders in a water annulus are discussed in References 47 and 48.

The nonlinear seismic response and impact forces for the internals and fuel are determined
using the CESHOCK or ANSYS computer program (see Subsection 3.9.1.2.2.3). The
computer programs provide numerical solution to transient dynamic problems by step-by-
step integration of the differential equations of motion. The input excitation for the model
is the time-history accelerogram of the reactor vessel.

Input to the computer program consists of initial conditions, nodal lumped masses, linear-
spring coefficients, mass moments of inertia, nonlinear spring curves, and the acceleration
time-histories. The output from the computer program consists of displacements,
velocities, translational and angular accelerations, impact forces, axial forces, shears, and

moments.

The procedures used to account for damping in the analysis of the reactor internals and core
are provided in Subsection 3.7.2.15.

The nonlinear response loads for the internals, including impacting, if any exist, are
determined for the vertical and horizontal directions. Vertical loads for the fuel are
determined in the coupled model of internals and core and horizontal loads for the fuel are
determined in a separate reactor core nonlinear analysis. The results are determined for
the SSE.

39252 Pipe Rupture Analysis of the Reactor Internals

3.9.2.5.2.1 Input Excitation

According to the application of LBB, the postulated pipe breaks for the reactor coolant
system, reactor internals and fuel assembly are defined in Subsection 3.6.2. The
secondary side breaks, which imparts vibratory motion to the reactor internals does not
cause blowdown loads within the reactor vessel. However, the primary side break causes
blowdown loads as well as vibratory motion. The blowdown loads consist of transient
pressure, flow rate, and density distributions throughout the primary RCS.
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The transient pressure, flow rate and density distributions are computed for the subcooled
and saturated portions of the blowdown period during the pipe breaks. The computer code
that is used is based on a node flow path concept in which control volumes (nodes) are
connected in any desired manner by flow areas (flow paths). A complex node-flow path
network is used to model the primary coolant system. The modeling procedure has been
compared to a large-scale experimental blowdown test with excellent agreement. The
laws of conservation of mass, energy, and momentum along with a representation of the
equation of state are solved simultaneously. The hydraulic transient of the reactor is
coupled to the thermal response of the core by analytically solving the one-dimensional
radial heat conduction equation in each core node. Pre-blowdown steady-state conditions
in the primary coolant system are established through the use of specified input quantities.
The blowdown loads model uses a non-equilibrium critical flow correlation for computing

the subcooled and saturated critical fluid discharge through the break.

A break in the primary coolant system results in large local pressure differences across
various reactor internal components and an acceleration of the local fluid velocity in
various regions. The acceleration of the local fluid velocity can result in higher
component drag loads than during steady-state reactor operation.

The total instantaneous load across the core is given by the summation of the pressure
forces acting in the direction of the pressure gradient and the drag forces acting parallel to
the flow. The loads are obtained using a control volume approach using an integrated
fluid momentum equation. The drag forces are represented by the fluid shear term in this
equation and consist of both frictional and form drag.

39252.1.1 Reactor Internals Asymmetric Blowdown Loads

During an inlet break, dynamic lateral loads are developed on the core support barrel by the
time varying radial pressure disturbances. These are highly asymmetric in the
circumferential direction and are caused by the expansion of wave fronts and flow
redistributions acting on the surface of the barrel. In order to obtain these applied lateral
loads, the time-dependent Fourier coefficients that define the circumferential pressure
distributions are first obtained. A linear variation in pressure is assumed to act between
each elevation. The sine and cosine pressure distributions produce a response in the barrel,
which is analogous to a beam-bending mode. When integrated over the surface area of the
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core support barrel, these pressures produce resultant lateral loads that are applied to the
model.

39252.1.2 Control Element Tube Loads

During normal operation, the reactor coolant flows axially through the core into the upper
guide structure. Within the upper guide structure, the coolant flow changes direction so
that it exits through the hot leg nozzles.

During the pipe breaks, the transverse flow of the coolant across the control element guide
tubes gives rise to loads that induce deflections in these tubes. The transverse drag forces
are determined from flow model experiments that are geometrically and dynamically
similar to the full scale upper guide structure design for the System 80.

3925213 Vertical Hydraulic Loads

The vertical hydraulic loads on the reactor internals due to postulated pipe breaks are
considered. The loads are obtained using a control volume approach using an integrated
fluid momentum equation. This is based on control volumes that are consistent with both
fluid volumes and the lumped mass nodes of the vertical analysis model.

The resulting reactor internals blowdown loads are used in subsequent analyses to

determine the structural response of the internals and fuel.

392522 Analysis Model

The horizontal model of the reactor internals used for the pipe break model is similar to the
seismic model except for additional detail in the CSB and UGS upper flange region which
allows for relative displacements and rotations of these components and the reactor vessel
ledge. Friction, gap, and hysteresis elements are used to model the complex interactions
of these components. The horizontal model including this region is shown in Figure 3.9-
19. The same model with seismic analysis (Figure 3.9-18) is used for pipe break analysis

in the vertical direction.
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392523 Analysis Method

The nonlinear pipe break response and impact forces for the internals and fuel are
determined using the CESHOCK or ANSYS computer program. The computer programs
provide the numerical solution to transient dynamic problems by step-by-step integration of
the differential equations of motion. The input excitation for the model is the time-history
accelerogram of the reactor vessel.

Input to the computer program consists of initial conditions, nodal lumped masses, linear-
spring coefficients, mass moments of inertia, nonlinear spring curves, and the acceleration
time-histories. The output from the computer program consists of displacements,
velocities, translational and angular accelerations, impact forces, axial forces, shears, and

moments.

A cold leg branch line break causes a pressure transient on the core support barrel (CSB)
that varies circumferentially as well as longitudinally. The ASHSD finite element
computer code is used to analyze the shell response of the CSB to the pressure transient
from a cold leg branch line break. The CSB is modeled as a series of shell elements
joined at their nodal point circles, as shown in Figure 3.9-3. The length of the elements in
each model is selected to be a fraction of the shell attenuation length.

A damped equation of motion is formulated for each degree of freedom of the system.
Four degrees of freedom, radial displacement, circumferential displacement, vertical
displacement, and meridional rotation are considered in the analysis. The differential
equations of motion are solved numerically using a step-by-step integration procedure.

The circumferential variation of the pressure time-history is considered by representing the
pressure as a Fourier expansion. The pressure at each node in the model is determined by
linear interpolation. Thus a complete spatial time load distribution compatible with the
ASHSD computer program is obtained. Each load harmonic is considered separately by
ASHSD. The results for each harmonic are then added to obtain the nodal displacements,
resultant shell forces and shell stresses as a function of time.
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3.9.2.53 In-containment Refueling Water Storage Tank Discharge Analysis

The reactor internals and core are analyzed for the IRWST discharge loads.

The analytical models and the procedures of the reactor internals and core and the detailed

core for IRWST discharge loads are the same as those used in the seismic analyses.

The input excitation to the reactor internals and core model is the acceleration time histories
of reactor vessel flange and snubbers determined from the RCS IRWST analysis.

The maximum stresses resulting from IRWST, pipe break, and SSE are combined using the
SRSS method to obtain the total stress intensities.

39.2.6 Correlations of Reactor Internals Vibration Tests with the Analytical

Results
The results of the dynamic analysis of the reactor internals are compared with the results of
preoperational tests of the prototype reactor (Reference 41) since the APR1400 reactor

internals are classified as non-prototype Category I as described in Subsection 3.9.2.4.

The dynamic analysis models for the faulted condition are developed using the dynamic
characteristics measured in the test of the prototype.

3.9.2.7 Dynamic System Analysis of the CEDM

The pressure-retaining components of the control element drive mechanism (CEDM) are
designed to the appropriate stress criteria of ASME Section III for all loadings specified.
The structural integrity of the CEDM for the seismic loadings is verified by combination of
test and analysis. Methods of dynamic analysis using response spectrum analysis or time
history analysis are supported with experimentally obtained information.

3.9.2.7.1 Input Excitation Data

For the dynamic analyses, response spectra or time history definition of the excitation at the
base of the CEDM nozzle is obtained from the seismic analysis of the RCS. The
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excitation is applied simultaneously in three mutually perpendicular directions (two
horizontal and one vertical).

3.9.2.7.2 Analysis

A dynamic analysis of the mathematical structural model is performed using one or more of

the computer programs described in Subsection 3.9.1.2.

392.73 Functional Test

A functional test using a minimum drop weight was performed to verify that drop
characteristics meet the input design requirements. Results from this test are compared to
the calculated CEDM deflections under seismic loading for the individual site.
Verification of the proper function is thus established based on both analytical and test
results.

393 ASME Code Class 1. 2 and 3 Components, Component Supports and
Class CS Core Support Structures

This section describes the structural integrity of pressure-retaining components, component
supports, and core support structures that are designed and constructed in accordance with
the rules of the ASME Section III, Division 1, and GDC 1, 2, 4, 14, and 15.

The APR1400 design meets the SRP 3.9.3 criteria as described in the following respects:

a. 10 CFR 50.55a and 10 CFR 50, Appendix A, GDC 1, as they relate to structures
and components being designed, fabricated, erected, and tested to quality
standards commensurate with the safety-related functions to be performed.
These requirements provide reasonable assurance that safety-related components
and structures meet service loading conditions, stress limits, and quality
requirements of ASME Code permitted in 10 CFR 50.55a.

b. GDC 2 and 10 CFR 50, Appendix S, as they relate to structures and components
important to safety being designed to withstand the effects of earthquakes without
loss of capability to perform their safety functions. The effects of expected
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natural phenomena on the normal and accident conditions are considered in the

loading combinations for structures and components important to safety.

GDC 4 as it relates to structures and components important to safety being
designed to accommodate the effects of and to be compatible with the
environmental conditions associated with normal operation, maintenance, testing,
and postulated accidents, including lost-of-coolant accidents. The safety-related
structures and components are protected against dynamic effects including LOCA
by considering appropriate loading combinations as described in this section.

GDC 14 as it relates to the RCPB being designed, fabricated, erected, and tested to
have an extremely low probability of abnormal leakage, of rapidly propagating
failure, and of gross rupture. The RCPB components are designed in accordance
with the ASME Code requirements that follow with GDC 14.

GDC 15 as it relates to the RCS and associated auxiliary, control, and protection
systems being designed with sufficient margin to provide reasonable assura