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Reliability of veactor systems under sefsmic events is a major concern for the safety of
the nuclear power plants. This paper deals with the effects of the core barrel on the seis-
mic response of veactor tanks. The main ewphases are the effects of core barrel on the free-
surface wave helght and the fluid coupling effects hetween the core barrel and primar
tank. This study represents an fnitial step to investigate the effects of in-tank Campo-
nents, structures on the seismically-induced hydrodynamic behavior of the veactor tanks.

To sTmplify the analysis, the tank used in the study is simulated by a two-dimensional
model. Two parametric studies were carrfed out, Tn which the wall #lexibility and location
of core barrel were used as parameter, respeciively.

The most important conclusions obtained from the study ave as follows:

L. The presence of core barral reduces the sloshing frequency which in turn way in-
crease or decrease the maximum wave hefght, depending on the response spectrum of the base
motion. The effective Fluid depth can be approximately taken as the fluid depih above the
core barrel.

2. The fluid pressures between the tank wall and barvel appsar to be uniform. They can
be significantly amplified whan the tank or core barrel becomes more flexible.

3. The fiuid in the tank can be approximately divided into three zones. TYhe fluid he-
Tow ihe top of core barrel can be considersd as "strong coupling zone", where the coupling
interaction between the fank and corve barrel is very significant. As the distance between
tank and core barrel becomes smaller, the coupling fnteraction is more pronounced. The
second zone, "medium coupling zone®, is the fluid around the toy of core barrel. Due to the
edge effect, the coupling Tnteraction s Vess significant than that fn the sireny coupling
zone. The thivd zone i3 the Fluid Tocated far away from the core barrel. The zone can be

considered as "weak coupling zone®, where the coupling effects are almost nagligible.
The results obtained from this study provide very useful information on the seismic re-
sponse of the fluid-tank systems with the in-tank components. They can be used for future

reactor designs.
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1. Introduction

The nature of the hydrodynamic loading 1ikely to be experienced by an LMFBR vessel
during a seismic event depends on the confinement of the fluid imposed by the surrounding
reactor components or structures. Generally, fluid within the reactor vessel can be classed
jnto three groups according to the confinement conditions.

in the first group, the' fluid is strongly confined by the survounding structures. For
example, the fluid in cold pool region of pool-type veactor or inlet plenum of loop-type re-
actor is strongly confined by the vessel bottom and core support structure. For all practi-
cal purposes, this fluid can be treated as completely confined for no relative movement
exists between the fluid and the surrounding structures under seismic excitations. The hy-
drodynamics is entirely due to the fluid inertial effect which can be modeled by a rigid mass
attached to the surrounding structures.

In the second group, the fluid is found in various annulii between concentric cylinders,
such as fluid between the thermal liner and reactor vessel and fiuid between the core barrel
and reactor vessel. Hydrodynamic phenomena in this group include both the fluid inertial
effect and the fluid coupling effect [1-5]. The latter is caused by the relative motion of
the cylinders, since motion of one has an effect on the other.

The third group is the fluid in the hot pool of pool-type reactor or outlet plenum of
Toap-type reactor which is confined by the thermal liner and thermal baffle. This group of
fluid is characterized by having a large fluid volume, large free surface, and, in some
cases, by the presence of many deck-mounted components projecting down into the pool. Due to
the presence of large free surface, portions of the fluid will participate the seismically-
induced sloshing motion, characterized by a low-freguency oscillation with standing waves on
the free surface moving up and down [6-101.

This paper deals with the effects of the core barrel on the seismic response of reactor
tank. The main emphases are the effects of core barrel on the free-surface wave height and
the fluid coupling effects between the core barrel and primary tank. To simplify the anal-
ysis, the reactor tank and core barrel are simulated by a two-dimensional modei. Two para-
metric studies were carried out, in which the wall flexibility and location of core barrel
were used as parameters, respectively. The results obtained from this study provide very
useful information on the seismic response of the fluid-tank systems with the in-tank com-
ponents. They can be used for future reactor design. In the paper, the mathematical model
of the reactor tank and core barrel is first described. Then, the results of the parametric
study on the wall flexibility and location of core barrel are discussed. Finally, the con-
clusions are given.

2. Parametric Study on Tank Wall Flexibility

The two dimensional finite element model is shown in Fig. 1 in which the reactor tank
and core barrel are simulated by the plane strain cantilevered beams. The reactor coclant in
the tank is treated by the continuum fluid element. The dimension of the tank is 14.63 m
(48') x 21.94 m (72°) (width x height). The fluid depth is 18.26 'm (60'). The dimension of
the core barvel is 4.87 m (16') x 10.97 m (36') (width x height). The height of core barrel
is 60% of fluid depth. The flexibility of the tank wall and the Tocation of the core barré]
were used as parameters in the analysis.
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In the flexibility study, five cases were investigated. They are:

1. Rigid tank with no core barrel.

Z. Rigid tank with a rigid core barrel.

3. Rigid tank with a flexible core barrel.

4. Flexible tank with a rigid core barrel.

6. Flexible tank with a flexible core barrel.

If the tank wall and core barrel are flexible, five different wall thicknesses, 2.54 w
{100"), 1.27 m {50"), 0.762 m (30"), 0.381 m (15"), and 0.254 m (10"), were used. Therefore,
a total of 17 computer runs were made in the wall-flexibility parametric study. It should be
mentioned that cantilever beams have very small stiffness value. In order to simulate the
stiffness of the cylindrical core barrel properly, the thickness of the cantilever beam be-
comes extraordinarily thick. The above thicknesses of cantilever beams correspond to cylin-
drical core barrels having freguencies of 10.5, 5.3, 2.75, 0.8, and 0.6 Hz, which are within
the range of frequencies of core barrels in LMFBR design.

The 10 s duration 0.5 g modified E1 Centro acceleration time history was applied at the
tank base. The fluid-structure interaction time-history analysis was carried out using the
linear option of the FLUSTRl code. The results of rigid tank with a flexible core barrel,
flexible tank with a rigid core barrel and flexible tank with a flexible core barrel are dis-
cussed below.

2.1 Rigid Tank with a Flexible Core Barrel

The computed maximum sloshing wave height of the free surface, and the maximum fluid

pressure at various Tocations on the tank wall and core barrel for the rigid tank with a
flexible core barrel are depicted in Fig. 2. For comparison purposes, the resuits of rigid
tank with no core barrel and rigid tank with a rigid core barrel are also given. The
pressure distribution is antisymmetric with respect to the center Tine of the tank.

As can be seen from Fig. 2, the maximum wave height for the cases of rigid tank with
rigid or flexible core barrel is about 111 cm (44"}. This indicates that the flexibility of
core barrel has an insignificant effect on the free surface wave height. However, the wave
height for a rigid tank without core barrel is only 94 cm (37"). This indicates that the
presence of a core barrel in a tank system can change the sloshing freguency of the tank,
Figure 3 shows the free surface sloshing plots of the rigid tank for the cases with and with-
out a core barrel. The observed sloshing freguancies for the tank with and without a core
barrel are 0.215 Hz and 0.222 Hz, respectively. The theoretical sloshing frequencies [6,7]
of the tank system without a core barrel are given helow as a function of the fluid depth:

Fluid depth cm {in.) Sloshing frequency (Hz)

1828 (720} 0.232
1270 (500) 0.231
762 {300) 0.223
508 (200) 0.207
254 (100) 0.164
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Using the above table, the equivalent fluid depth for a tank with a cove barrel and a

frequency of 0.215 Hz s about 600 om {236"), which s
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As can be seen, the maximum fluid pressure, 0.29 MPa (42 psi),

This pressure is about four-
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teen times larger than the maximum pressure 0.0207 MPa (3 psil in the rigid tank and rigid
cove barrel case and three times larger than the maximun pressure 0.034 MPa (13.6 psi) in the
rigid tank and flexible core bsrrel caze and two times Tavger than the waximum pressure
(24 psi) in the flexible tank and vigid core barvel case. Again, it is found that the
pressures in the Tluid elements between the tank wall and core barrel are nearly uniform.
The TTuid pressures inside the core harrel are relatively small comparaed 0 the pressures
betweer tank and core barrel. The previous pavametric study of the 2-D flexible tanks
without in-tank components {11,127 indicated the waximun pressure exerted on the tank wall s
0.11 MPa (16 psi). Hence, the maximum hydrodynamic pressure experienced in the flexihle tank
with core barrel can be significantly higher than the waximum pressurs exparienced in the
tank without core barrel due %o the Ffluid coupling effect.

The maximum sloshing wave heiaht of those cases s 223 cm {88"). Again, this is due to
the superposition of tank wall vibrations on the sleshing motion.

3

3. Parametric Study on lLocation of Core Bariel

In this study, the wall thickness of the tank and core barvel was Fixed to he 1.27 w
{(50"}). Four computer runs were made, in which the distances between the tank and core barrel
were 6.90 m (20"}, 4.87 w {16'), 3.65 m (12}, and 2.43 w (8'], respectively. The finite
element wmeshes are shown in Fig. 6. The maximum fluid pressuves and wave height are depicted
on Fig. 7. As can be seen, the wave height does not vary too much among these cases. The
case of the smallest distance {8') between the tank and core barvel has the maximum fluid
pressure 0.427 WPa (52 psil. The Fluid in the tank can be approximately divided into three
zongs. The Tluid below the top of core barrel can be considered as "strong coupling zone",
where the coupling Tnieraction between the tank and core barrel {s wvery significant. As the
distance between tank and core barrel becomes smaller, the coupling interaction is wmore pro-
nounced. The second zone, "wedium coupiing zone", is the fiuid around the top of core
barrei. Due to the edge effect, the coupling interaciion is Tess significant than that in
the strong coupling zone. The third zone is the fluid located far away from the core
barrel. This zone can be considered as "weak coupling zonz®, where the coupling effects are
aimast negligible. As can be seen from Fig. 7, the presence of core barrel has very little
influence on the pressures exertad on the tank wall at the weak coupling zone.

4. Conclusions

This study represents an initial step to investigate the effacis of in-tank components
on the hydrodynamic response of reactor tanks. The most significant findings are as foilows:

1. The presence of core barrel reduces the sloshing frequency which in turn may in-
crease or decrease the maximum wave height, depending on the response spactrum of the base
wtion. The effective fluid depth can be approximately taken as the Fl1uid depth above the
core barrel.

2. The flexibiiity of core barrel has an insignificant effect on the sloshing wave
height.

3. The coulant inside the core barrel moves along with the core barrel during sefsmic
events. The pressuves inside the barrel are velatively Tow compared to the pressures outside
the barrel.

4. The fluid pressures between the tank wall and barrel appear to be uniforwm. They can
be significantly amplified when the tank or ceore barrel bzcomes wmore flexihle.
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5. The fluid can be approximately divided into “"strong", "medium", and "weak" coupling
zones. In the first two zones, when the distance between the tank and barrel becomes
smaller, the fluid coupling effect is more pronounced.
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