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Abstract

Much effort is being done to standardize the PWR—type nuclear power plant in Korea. This
paper presents the development of seismic design criteria for the reactor internals as a part of
the standardization program for nuclear power plant. The seismic design loads of the reactor
internals are calculated using the reference input motions of reactor vessel taken from Yong-
gwang Nuclear Power Plant Units 3 and 4. An overview of analysis related to the basic
parameters and methodologies is presented. Also, the response of internal components for the
reactor vessel motions is carefully investigated.
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1. Introduction has been prepared in support of the Korea Elec-
tric Power Corporation’s effort to standardize nuc-
The Korean Standard Safety Analysis Report lear power plant designs (Ref.l). It demonstrates
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the compliance of the Korean Standard Design
with all current regulations for existing plants as
well as the guidelines for future plants outlined in
the US NRC’s Severe Accident Policy Statement.

The starting point for the standardization prog-
ram of the nuclear power plant was the Yong-
gwang Nuclear Power Plant Units 3 and 4 (YGN 3
and 4) design, which has two closed loops con-
nected in parallel to the reactor vessel and the
reactor core consisting of 177 fuel assemblies with
its thermal power level of 2825 MWt. In develop-
ing YGN 3 and 4 design referencing in System 80
design of Combustion Engineering (C-E), mod-
ifications from earlier C-E designs were made to
respond to utility needs and provide increased
conservatism. While the standard design contains
most of the features of YGN 3 and 4, a variety of
engineering and operational improvements are in-
cluded. Specifically, the Electric Power Research
Institute’s Advanced Light Water Reactor Require-
ment Document has been used as a guide for
utility requirements regarding plant design.

Since the standard design is based on the
assumed site—related parameters which were
selected to envelope most potential nuclear power
plant sites in Korea, the reactor vessel (RV) mo-
tions used for YGN 3 and 4 design are used as a
reference input to calculate the seismic design
loads of the reactor internals. As a result, the
seismic response spectra criteria at the reactor ves-
sel location are generated. An overview of the
analysis related to the basic seismic parameters
and methodologies is also presented. The re-
sponse of each internal component for the vessel
motions is carefully investigated.

2. Description of the Reactor Internals

The reactor intemals consist of the core support
barrel (CSB) assembly, the lower support structure
(LSS) & incore instrumentation nozzle assembly,
the core shroud, and the upper guide structure

(UGS) assembly (Fig.l). The core support barrel, a
right circular cylinder supported by a ring flange
from a ledge on the reactor vessel, carries the
entire weight of the core. The lower support struc-
ture transmits the weight of the core to the core
support barrel by means of a beam structure. The
core shroud surrounds the core and minimizes the
amount of bypass flow. The upper guide structure
provides a flow shroud for the CEAs, and limits
upward motion of the fuel assemblies during
pressure transients. Lateral snubbers are provided
at the lower end of the core support barrel
assembly.

The principal design bases for the reactor inter-
nals are to provide the core with vertical supports
and horizontal restraints during all nommal operat-
ing, upset, and faulted conditions.

The core should be supported and restrained
during normal operation and postulated accidents
to ensure that core will be held in place and
adequate coolant path is preserved for heat re-
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Fig. 1. Schematic Diagram of the Reactor Internals
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3. Structural Model

The mathematical model of the reactor internals
consists of lumped masses and elastic beam ele-
ments to represent the beam-like behavior of the
internals, and nonlinear elements to simulate the
effects of gaps between components (Fig.2).
Typical component gaps represented by nonlinear
elements are the core support barrel/reactor ves-
sel snubber gap and core shroud guide lug gap.
The gap between the core shroud and core sup-
port barrel or between the core support plate and
core support barrel is sufficiently large and there-
fore no interference occurs.

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 points is to provide for accu-
rate representation of the modes of vibration for
each of the intemal components. For the beam
element connecting two nodes, properties are
calculated for moments of inertia, cross—sectional
areas, effective shear areas, stiffnesses and length.
Stiffnesses for the complex internal structures such
as UGS and CSB flanges, CSB snubber, hold-
—down ring and CEA guide tubes are determined
by finite element analyses.

The effects of fluid/structure interaction be-
tween internal components due to their immersion
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Fig. 2. Lumped Mass Model of Reactor Internals
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in a confining fluid are considered (Ref.2). The
hydrodynamic mass matrix is applied to the analy-
tical model representing the reactor internal struc-
tures in the horizontal direction. Fluid/structure
interaction is characterized by the full hydrodyna-
mic mass matrix including the off-diagonal hyd-
rodynamic coupling terms which will affect signifi-
cantly the dynamic characteristic of the solid struc-
ture with narrow gap or annulus.

Fluid/structure interaction for the remaining
components is characterized by hydrodynamic
added masses. The diagonal hydrodynamic added
mass matrix components consist of two terms, i.e.,
contained water mass and displaced water mass.
The contained water mass representing the effect
of internal liquid on the structure is the mass of
the intemal liquid carried by the structure as it
responds horizontally in the beam bending mode.
The displaced water mass represents the effect of
surrounding liquid on the structure. It is due to the
force required to move the structure through the
surrounding liquid. The displaced water mass is
equal to the mass of liquid displaced by the struc-
ture assuming it to be solid.

The fluid/structure interaction of the core region
is determined experimentally. The complex con-
figuration of fuel assemblies, closed spaced fuel
rod arrays, and fuel assembly intemal hysteresis
and friction preclude a formal evaluation of the
hydrodynamic mass matrix. Test data is used to
obtain the net effect of fluid/structure interac-
tion on the fuel assemblies’ natural frequencies.
The fuel assembly hydrodynamic added mass is
then evaluated to vield natural frequencies consis-
tent with test data.

4. Seismic Analysis

The design basis earthquake has maximum free
field horizontal ground accelerations at the found-
ation level of 0.20g for the safe shutdown earth-
quake (SSE) and 0.10g for operating basis earth-
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quake (OBE). The maximum vertical ground
accelerations at the foundation level are 0.13g for
the SSE and 0.067g for the OBE. The site design
response spectra for these maximum acceleration
values are defined by Ref.3.

The forcing function to the model consists of
acceleration time histories at the RV flange and
snubber elevations determined from the reactor
coolant system analysis. RV is so stiff comparing
with internal components that its local effect is
negligible. Therefore, only translational accelera-
tions on the RV between the flange and snubbers
are computed by linear interpolation and are input
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into the model. These translational accelerations
along the vessel are required for the calculation of
hydrodynamic forces between CSB and RV annu-
lus. The acceleration time histories of RV flange
and snubber which were generated from the reac-
tor coolant system analysis and the corresponding
response spectra are shown in Fig.3.

The response of the intemals is computed by
the SHOCK code (Ref.4), which solves for the
response of the structures represented by lumped
mass and spring systems under a variety of load-
ings. This is done by numerically solving the dif-
ferential equations of motion for an N degree of
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Fig. 3. Acceleration Time Histories of RV Flange and Snubber and the Corresponding

Response Spectra (2% Damping) for OBE
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freedom system using the Runge—Kutta—Gill tech-
nique. The equation of motion can represent an
axially responding system or a horizontally re-
sponding system i.e., an axial motion or a coupled
horizontal and rotational motion. The code is de-
signed to handle a large number of options for
describing load environments and includes such
transient conditions as time—dependent forces and
moments, initial displacements and rotations, and
initial velocities. Options are also available for de-
scribing steady—state loads, preloads, accelera-
tions, gaps, nonlinear elements, hydrodynamic
mass, viscous damping, friction, and hysteresis.

The results of analysis consist of minimum and
maximum values of shears and moments of each
component which will be used for design loads,
and motions for fuel alignment plate and core
support plate which will be used for the detailed
core analysis.

5. Results and Discussion

The design loads of each component are gener-
ated for the designer to determine the initial sizing
of the internals (Table 1). Fig.4 shows the re-
sponse ratio based on the OBE excitation, where
a big jump is noticed at the multiplication factor of
1.75. This means beyond that factor the CSB
snubber contacts reactor vessel frequently and its
non-linear characteristics give out high response
loads. The non-linear characteristics of responses
are severer in the CSB lower region and also in
LSS. But the responses of CEA shroud, UGS
assembly and CEA guide tube show less non-
—linearity. This is caused by the fact that the load
path is from RV through CSB snubber and CSB
lower to CSB upper flange and to LSS and core
shroud, and that the load decreases in intensity as
it moves to another point.

The relative displacement time histories of CSB
snubber to RV are shown in Fig.5. The CSB snub-
ber gap, which is normally 0.02 inches, is closed
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Table 1. Maximum Loads of Internals for OBE

COMPONENT SHEAR | MOMENT
(1bXE5) | (in-1bsXE6)
CSB Upper Flange 3.90 323
CSB Upper Cylinder 3.90 25.0
CSB Nozzle Cylinder 1.30 193
CSB Center Cylinder 1.30 8.2
CSB Lower Cylinder 1.20 8.2
CSB Lower Flange 1.10 9.1
CSB Snubber 0.68 -
LSS 0.98 9.1
CS Guide Lug 0.51 -
Core Shroud 0.84 82
UGS Upper Flange 3.90 265
UGS Lower Flange 0.58 19
CEA Guide Tube 0.25 1.6
CEA Shroud Assembly 0.36 1.5
CEA Snubber 0.24 -
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even for the OBE excitation, and therefore the 10

impact occurs. The gap closed more frequently as RV Flange
the multiplication factor becomes bigger. This can
be explained by Fig.5, where the frequency is
about 8 and 12 cycles per second for OBEX1.00
and OBEX2.75, respectively. Fig.6, the shear
force time histories of CSB snubber, also indicates
that impact pulses for the first 3 seconds are 3—~6
and 36~58 for OBEX1.0~0OBEX1.75 and OBE
X2.00~0OBEX2.75, respectively.

The loads which do not exceed the allowable

ACCELERATION (G)

limit were quantitatively determined in the design
of YGN 3 and 4. These values were used to 1
determine the acceptable multiplication factor in

1 10 100

Fig.4 and the response spectra at that point are
FREQUENCY (HZ)

chosen as the upper bound of the acceptable

limit. The acceptable criteria of response spectra

for reactor internals design were generated as 10

shown in Fig.7, which were broadened by+15% RV Snubber

and smoothened according to Reg. Guide 1.122

(Ref.5).

6. Conclusions

The seismic design criteria of the reactor inter-

nals were suggested for the future nuclear power

ACCELERATION (G)

plant. The acceptance criteria aim at predicting
the seismic responses of reactor internals and

minimizing additional analysis tasks to generate

design loads. The acceptance criteria were pro- 1

vided as a form of response spectra at the reactor 1 10 100
vessel location. Also, the resulting responses
showed that the CSB lower part and LSS are
more sensitive to the RV motions than CEA Fig. 7. Response Spectra Criteria of RV Flange and
shroud and UGS assembly. Snubber for 2% Damping

FREQUENCY (H2)
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