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(57) Abrégée/Abstract:

VWhen a power source Is lost after an operation stop of a nuclear power plant, a first open/close valve Is opened by electricity of a
first battery at an early stage and steam In a reactor pressure vessel (RPV) Is condensed in a suppression pool. The heat of the
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(57) Abrege(suite)/Abstract(continued):

cooling water In the suppression pool Is transmitted to cooling water of a cooling water pool located below inner space between a
first reactor containment vessel (PCV) surrounding the RPV and a second PCV surrounding it. A second open/close valve Is
opened by electricity of a second battery at the early stage and cooling water in a water tank is injected into the RPV. After a lapse
of the early stage, a third open/close valve I1s opened by electricity of a third battery, and a cooling medium becomes steam by an
evaporator in the RPV, and this steam Is condensed by a condenser disposed In the inner space to become a liquid of the cooling
medium and Is returned to the evaporator.
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When a power source is lost after an operation stop

F

of a nuclear power plant, a first open/close valve 1is

opened by electricity of a first battery at an early

stage and steam in a reactor pressure vessel (RPV) 1s

condensed in a suppression pool. The heat of the

cooling water in the suppression pool 1s transmitted to

cooling water of a cooling water pool located below

inner space between a first reactor contalnment vessel
(PCV) surrounding the RPV and a second PCV surrounding
it. A second open/close valve is opened by electricity

of a second battery at the early stage and cooling

water in a water tank 1s injected 1nto the RPV. After a

lapse of the early stage, a third open/close valve 1s

p—

opened by electricity of a third battery, and a cooling

medium becomes steam by an evaporator in the RPV, and

this steam 1s condensed by a condenser disposed 1in the

inner space to become a liquid of the cooling medium

and 1s returned to the evaporator.
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TITLE OF INVENTION

NUCLEAR POWER PLANT

BACKGROUND OF THE INVENTION

{ Technical Field]
The present 1nvention relates to a nuclear power

plant and more particularly to a nuclear power plant

applicable to a boiling water nuclear power plant
having comparatively low thermal power.
[Background Art]

In the nuclear power plant (for example, the

bolling water nuclear power plant), even after the

operation stop, 1t 1s necessary to supply cooling water
to a core 1n a reactor pressure vessel and cool a

plurality of fuel assemblies loaded in the core to

remove decay heat generated in a nuclear fuel material
included in the fuel assemblies. Generally, after the
operation stop of the nuclear power plant, a part of
the cooling water in the reactor pressure vessel 1is
discharged into a pilpe connected to the reactor
pressure vessel, and the discharged cooling water 1is

cooled by heat-exchanging i1t with seawater 1n a heat
exchanger connected to the pipe, and 1s returned to the

reactor pressure vessel through a return pipe of the

cooling water that is cooled. As mentioned above, after
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P

the operation stop of the nuclear power plant, the

-

cooling water in the reactor pressure vessel is heat-
exchanged with seawater, thus the decay heat of the
nuclear fuel materilal 1s removed.

Such a nuclear power plant uses a motor-driven pump
to supply the cooling water in the reactor pressure
vessel to the heat exchanger and supply seawater to the
heat exchanger, and electricity for driving the motor-
driven pump 1s necessary to remove the decay heat after
the stop 0of the nuclear power plant. When an abnormal
event of external power loss occurs at the time of stop
of the nuclear power plant, an emergency generator 1s
driven, and the motor-driven pump 1s driven, and the
decay heat when the nuclear power plant 1s not 1in
operation 1s removed.

A reactor coolling system where, when a loss-of-

coolant accident occurs, the safety of the core can be

ensured by forces of nature without using a dynamilc

pr—

device and both removal of the decay heat in the

reactor and a water injection function are achieved by
a same facility, 1s proposed in Japanese Patent Laid-

Open No. 62(1987)-182697. 1In this reactor cooling
system, a tank 1ncluding a body filled with water
disposed at a higher position than the reactor pressure

vessel and a pipe passing through longitudinally 1n the
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body 1s disposed at a higher position than the reactor

pressure vessel. At the time of a loss-of-coolant
accldent, the steam 1n the reactor pressure vessel 1s
discharged and condensed 1n the water in the body and
the water 1n the body i1is injected i1nto the reactor
pressure vessel. At the time of an anticipated
operational occurrence that a main condenser cannot be

used due to a turbine trip, the steam in the reactor

pressure vessel 1s 1ntroduced into the pipe and 1s
cooled by the water in the body, and the steam 1s
condensed 1in the pipe by thils cooling and the generated

condensed water 1s injected i1into the reactor pressure

vessel. In the reactor cooling system described 1in
Japanese Patent Laid-Open No. 62(1987)-182697, 1t 1is
possible to cool the steam in the reactor pressure
vessel and inject the condensed water i1nto the reactor
pressure vessel by gravity both 1n a loss-of-coolant
acclident and at an anticipated operational occurrence.
Japanese Patent Laid-open No. 2011-5886¢66 describes
a nuclear power plant having a reactor 1solation
condenser for cooling the fuel assemblles in the core

when a station blackout occurs and the reactor enters

an isolation state, and a gravity-driven cooling system.

The reactor isolation condenser 1s provided wilith a

condenser pool disposed above the reactor pressure
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vessel for storing cooling water, a condenser heat
exchanger i1nstalled 1in the cooling water 1n the
condenser pool, a steam supply pipe connected into a
steam space 1n the reactor pressure vessel and
connected to the condenser heat exchanger, and a
condensed-water return plipe connected to the condenser
heat exchanger, and the reactor pressure vessel. The
gravity-driven cooling system 1s provided with a
gravity-driven cooling system pool which 1s disposed
above the core in the reactor pressure vessel and 1s
filled with cooling water, and an injection pilpe for
connecting the gravity-driven cooling system pool and
the reactor pressure vessel.

When a station blackout occurred and the reactor
entered an isolation state, the steam 1n the reactor
pressure vessel 1s introduced to the condenser heat
exchanger through the steam supply pipe and 1is
condensed by the cooling water in the condenser pool.
The condensed water generated by the condensation 1is

returned to the reactor pressure vessel through the

condensed-water return pipe. The cooling of the core 1in

the reactor pressure vessel 1s enabled by the reactor

isolation condenser even 1f a station blackout occurs
and the reactor enters an isolation state. Further,

when a loss-of-coolant accident occurs, the cooling
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water 1in the gravity-driven coollng system pool 1s
supply to the core through the 1njection pipe.

[Citation List]

[Patent Literature]

[Patent Literature 1] Japanese Patent Laid-Open No.
62(1987)-182697

[Patent Literature 2] Japanese Patent Laid-open No.

2011-58866

SUMMARY OF THE INVENTION

[ Technical Problem]

In the reactor 1solation condenser and the gravity

falling reactor cooling system which are described in

Japanese Patent Laid-Open No. 2011-58866, even when a

station blackout occurs, the cooling of the core 1n the
reactor pressure vessel 1s enabled. The reactor cooling
system described in Japanese Patent Laid-Open No.
62(1987)-182697 can inject condensed water i1nto the

reactor pressure vessel by gravity and 1f a valve

installed on each pipe for connecting the reactor
pressure vessel and tank 1s structured so as to open

and close by a battery, the cooling of the core 1in the

reactor pressure vessel is enabled even 1f a station

blackout occurs.

However, an isolation condenser described 1n
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Japanese Patent Laid-Open No. ©2(1987)-182097, as

described above, can perform non-power operation,

though the cooling water quantity filled in the pool 1s

limited, so that to continuously cool the core in the

g

reactor pressure vessel for a long period of time,

cooling water needs to be supplied from the outside of

the nuclear power plant.

g

An object of the present invention 1s to provide a

nuclear power plant capable of cooling a core over a

longer period of time without supplylng cooling water
from outside of a nuclear power plant.

[Solution to Problem]

A feature of the present 1nvention for
accomplishing the above object 1s a nuclear power plant
comprising a first reactor containment vessel
internally having a dry well and a pressure suppression
chamber mutually isolated, the pressure suppression

chamber forming a suppression pool being filled with

cooling water; a reactor pressure vessel dlsposed 1n

the dry well in the first reactor containment vessel; a

second reactor containment vessel surrounding the first

reactor containment vessel and forming a cooling water
pool being filled with cooling water at a bottom, the
cooling water pool in the second reactor contalnment

vessel adjoining the suppression pool with the first
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reactor contalnment vessel 1ntervening between these
pools; a steam discharge apparatus; and a reactor
cooling apparatus,

wherein the steam discharge apparatus has a steam
discharge pipe connected to the reactor pressure vessel
and 1mmersed 1n the cooling water 1in the suppression
pool, and a first open/close valve installed in the
steam discharge pipe; and

the reactor cooling apparatus has an evaporator
installed in the reactor pressure vessel for

evaporating a cooling medium, a condenser disposed

above the cooling water pool between the first reactor

containment vessel and the second reactor containment

vessel for condensing steam of the cooling medium

generated by the evaporator, a first pipe path
connected to the evaporator and the condenser Dby
passing through a side wall of the reactor pressure

vessel and a side wall of the first reactor containment

vessel, the first pipe path introducing the steam of
the cooling medium generated 1n the evaporator, a

second pipe path connected to the condenser and the

g

evaporator by passing through the side wall of the

p—u

reactor pressure vessel and the side wall of the first

reactor containment vessel, the second pipe path

introducing a liquid of the cooling medium generated 1n



10

15

20

23

CA 02806041 2013-02-15

- 8 -

the condenser to the evaporator, and a second
open/close valve installed 1in either the first pipe
path or the second pipe path.

It 1is preferable that the nuclear power plant 1s
provided with a water injection apparatus having a
cooling water vessel being filled with cooling water, a
cooling water injection pipe connected to the cooling
water vessel and the reactor pressure vessel, and an
injection valve 1nstalled on the cooling water
injection pipe.

[Advantageous Effect of the Invention]

B

According to the present 1nvention, the cooling o!

the core can be executed over a longer period of time

without supplying cooling water from the outside of the

nuclear power plant.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural diagram showing a nuclear

power plant according to embodiment 1 which 1s a

F

preferred embodiment of the present 1invention.

FIG. 2 is an explanatory drawling showing a change

g

with time of decay heat generated i1n a core 1n a

reactor pressure vessel after stop of a nuclear power

plant.

FIG. 3 1s a structural diagram showlng a nuclear
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power plant according to embodiment 2 which 1s another

—

preferred embodiment of the present 1nvention.

FIG. 4 is a structural diagram showing a nuclear

power plant according to embodiment 3 which 1s other

pr—

preferred embodiment of the present 1nvention.

FIG. 5 1s a structural diliagram showlng a nuclear

power plant according to embodiment 4 which 1s other

preferred embodiment of the present 1nvention.

DETAILIL

L+

D DESCRIPTION OF THE PREFERRED EMBODIMENTS

The decay heat generated by a nuclear fuel material

included in a fuel assembly loaded in the core 1n the

reactor pressure vessel after stop of a nuclear power

F

plant becomes initially large due to a short-half-life

radionuclide included in the nuclear fuel material as

shown in FIG. 2, and is slowly reduced in process of

om0

-li1fe radionuclide 1s

time because the short-hal:

F

reduced in process of time from the stop time of the

nuclear power plant. Based on this result, the

inventors concluded that it i1is desirable to remove the

ﬁ

initial decay heat after the stop of the nuclear power

plant using water having latent heat due to phase

change and a high heat capacity and, in the long run,

r—

construct a hybrid type reactor coolling system IOr

removing the heat continuously by air.
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This will ensure that, when the power of the

nuclear power plant 1s lost, the reactor can be cooled

continuously over a long period of time without support

from the outside of the nuclear power plant such as

F

supply ot cooling water.

pr—

The embodiments of the present invention reflecting

the aforementioned study results will be explained

below.
[Embodiment 1]

A nuclear power plant which 1s a preferred

embodiment of the present invention will be explained

by referring to FIG. 1.

A nuclear power plant 1 of the present embodiment
1s a boilling water nuclear power plant and 1s provided
with a reactor pressure vessel 2 having a core (not
shown) disposed 1n the reactor pressure vessel 2 and

loaded with a plurality of fuel assemblies (not shown),
a reactor containment vessel 3 (hereinafter referred to

as a first reactor contailnment vessel) made of steel, a

water injection apparatus 9, and a reactor cooling

apparatus 14. The reactor pressure vessel 2 1s disposed

in a dry well 4 of the reactor containment vessel 3.

The reactor containment vessel 3 i1ncludes the dry well

4 and a pressure suppression chamber 5 1solated from

the dry well 4. 1In the pressure suppression chamber 5,
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a suppression pool 6 filled with cooling water 1s

formed. An opening formed at a lower end portion of a
vent path (not shown) with an upper end portion

communicated with the dry well 4 is i1mmersed 1in cooling

water of the suppression pcol 6. A steam discharge pipe
20 connected to the reactor pressure vessel 2 and

having an open/close valve 21 reaches inside the

pressure suppression chamber 5. An opening formed at a

lower end portion of the steam discharge pipe 20 1s
immersed in the cooling water of the suppression pool 6.
The steam discharge pipe 20 having an open/close valve
21 structures a steam discharge apparatus. The
open/close valve 21 is opened or closed by supply of
electricity from a normal power source (or an outside

power source and an emergency power source). In

preparation for loss of these power sources, the

open/close valve 21 is connected to a battery 13C with

a wire via a first switch (not shown).

The reactor containment vessel 3 1is 1nstalled 1n a

reactor containment vessel (or a reactor building) 7/

(hereinafter referred to as a second reactor

containment vessel). In the second reactor containment

vessel 7 and on a bottom thereof, a cooling water pool

8 filled with cooling water is formed. The cooling

water pool 8 adjoins the suppression pool 6 with the
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first reactor containment vessel 3 1ntervening
therebetween. An ailr supply plpe 30 provided with an
open/close valve 31 is installed on a side wall of the

second reactor containment vessel 7 above a liguid

surface of the cooling water pool 8 and below a

condenser 16. A plurality of air supply pipes 30

provided with the open/close valve 31 as necessary are

attached to the side wall of the second reactor

contailinment vessel 7 at 1ntervals 1n the

circumferential direction of the second reactor

containment vessel 7. An alr discharge pilipe 32 provided

with an open/close valve 33 1is attached to a ceiling of

the second reactor containment vessel 7.

The water 1njection apparatus 9 has a water tank 10
filled with cooling water, an injection valve 11, and
an injection pipe 12. The injection pilipe 12 provided

with the i1njection valve 11 connects the water tank 10

and the reactor pressure vessel 2. The 1njection valve

11 1s opened or closed by supply of the electricity

b

from the normal power source (or the outside power

source and the emergency power source). In preparation

for loss of these power sources, the injection valve 11

is connected to a battery 13A with a wire vlia a second

swlitch (not shown).

The reactor cooling apparatus 14 has an evaporator
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15 including heat exchanger tubes, the condenser 16

including heat exchanger tubes, a steam pipe (a first
pipe path) 18, and a liquid pipe (a second pipe path)
19. The evaporator 15 and the condenser 16 are a kind

g

of heat exchanger. In the nuclear power plant 1 shown

in FIG. 1, a plurality of reactor cooling apparatuses

14 are installed, though only one of them 1s shown. The
evaporator 15 1s disposed 1n the reactor pressure
vessel 2 and the condenser 16 1s disposed 1n an 1lnner
space 22 1in the second reactor containment vessel

outside the first reactor containment wvessel 3. The

inner space 22 is formed between the first reactor

containment vessel 3 and the second reactor contalnment

vessel 7. The steam pipe 18 connects each outlet of the

heat exchanger tubes of the evaporator 15 and each

inlet of the heat exchanger tubes of the condenser 160

and the liquid pipe 19 connects each outlet of the heat

P

exchanger tubes of the condenser 16 and each 1nlet of

pr—

the heat exchanger tubes of the evaporator 15. The

condenser 16 is disposed at a higher position than the

evaporator 15. Therefore, the steam pipe 18 and the
liquid pipe 19 penetrating the reactor pressure vessel

2 and the first reactor containment vessel 3 are

disposed at a slope from the condenser 16 toward the

evaporator 15. An open/close valve 17 1s 1installed on
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the liquid pipe 19. The open/close valve 17 1s opened

pr—

or closed by supply of the electricity from the normal

power source (or the outside power source and the

)

emergency power source). In preparation for loss of

these power sources, the open/close valve 17 1s

connected to a battery 13B with a wire via a third

switch (not shown). The open/close valve 17 may Dbe

P

installed on the steam pipe 18 instead of the liquid

pipe 19.

F

Consider a situation in which the operation of the

nuclear power plant 1 is stopped and the normal power
source, the outside power source, and the emergency

power source are lost. At this time, an operator closes

the first switch, thus electricity 1is supplled from the
battery 13C to the open/close valve 21, and the

open/close valve 21 is opened. The steam 1n the reactor
pressure vessel 2 is discharged in the coollng water 1in
the suppression pool 6 through the steam discharge pipe
20 and condensed by the cooling water. The steam 1n the
reactor pressure vessel 2 1s discharged into the

suppression pool 6, so that the pressure 1n the reactor

pressure vessel 2 drops. At an early stage after the

stop of the nuclear power plant, the steam 1n the
reactor pressure vessel 2 1is discharged 1nto the

suppression pool 6 and is condensed by the cooling
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water, thus the decay heat generated 1n each fuel
assembly loaded in the core in the reactor pressure
vessel 2 can be removed by sensible heat and latent

P

heat of the cooling water in the suppression pool 6 at

an early stage after the stop of the nuclear power

ﬁ

plant. The temperature of the cooling water 1n the

suppression pool 6 rises due to the condensation of the

steam. However, the guantity of heat possessed by the
cooling water in the suppression pool 6 1s transmitted

to the cooling water in the cooling water pool 8 via

the side wall of the first reactor contalinment vessel 3

P

made of steel. Therefore, the decay heat generated from

each fuel assembly can be removed by the sensible heat
and latent heat of the cooling water in the cooling

water pool 8.

The operator closes the second switch

simultaneously with opening of the open/close valve 21

(or after the pressure in the reactor pressure vessel Z

drops due to discharge of steam into the suppression

pool 6), thus the electricity is supplied from the
battery 13A to the injection valve 11 and the 1njectilon

valve 11 is opened. The cooling water in the water tank

10 is injected into the reactor pressure vessel 2 Dy

gravity falling through the injection pipe 12. Each

fuel assembly loaded in the core in the reactor
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pressure vessel 2 1is cooled by the cooling water

injected by the injection pipe 12. The cooling water

quantity in the reactor pressure vessel 2 can be

reserved by injection of cooling water from the water

tank 10 and the submergence of the core can be

maintalned.

When the predetermined time elapses after the stop

F

of the nuclear power plant, the operator closes the

4

third switch, thus the electricity 1s supplied from the

battery 13B to the open/close valve 17, and the
open/close valve 17 is opened. Furthermore, the
operator opens the first switch, and the open/close
valve 21 1s closed totally due to stop of the
electricity from the battery 13C. The heat exchanger

-

tubes of evaporator 15, the heat exchanger tubes of the

condenser 16, the steam pipe 18, and the liquid pipe 19

are filled with a cooling medium (for example, water).

In the heat exchanger tubes of the evaporator 15, the
cooling medium is heated by high-temperature cooling
water (or steam) in the reactor pressure vessel 2 and

gr—

evaporated to become steam. The steam of the cooling

medium ascends in the steam pipe 18 and reaches the

p—

heat exchanger tubes of the condenser 16. The steam oL

t}

the cooling medium in the heat exchanger tubes of the

condenser 16 is cooled by the air in the inner space 22
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existing above the coolling water pool 8 between the

first reactor contalnment vessel 3 and the second

e

the

reactor containment vessel 7 and become a liquid o:

F

cooling medium. The liguid of the cooling medium

descends in the liguid pipe 19 and flows i1into the heat

exchanger tubes of the evaporator 15. In the heat

P

exchanger tubes of the evaporator 15, as described

above, the cooling medium of the liguid 1s heated to
become steam by high-temperature cooling water (or
steam) in the reactor pressure vessel 2. And, the steam

of the cooling medium is condensed 1n the heat

exchanger tubes of the condenser 1o0.
The cooling medium is circulated through the heat
exchanger tubes of the evaporator 15, the steam pipe 13,

the heat exchanger tubes of the condenser 16, the

F

liquid pipe 19, and the heat exchanger tubes of the

F

evaporator 15, transmits the heat of the cooling water

in the reactor pressure vessel 2 to the air 1n the
inner space 22, and cools the cooling water 1n the
reactor pressure vessel 2. Namely, as described above,
the cooling medium cools the cooling water 1n the

reactor pressure vessel 2 by circulating between the

evaporator 15 and the condenser 16 and the decay heat

generated by the fuel assemblies 1n the core 1s

discharged into the inner space 22 by the reactor



10

15

20

2D

CA 02806041 2013-02-15

coolling apparatus 14.

F

In the state where the operation of the nuclear

power plant 1 1s stopped and the normal power source,
the outside power source, and the emergency power

source are lost, the open/close valves 31 and 33 are

opened by the electricity supplied from the batteriles

(not shown). By doing this, the 1nner space 22 and an

outside of the second reactor contalnment vessel 7 are

connected by an air supply pipe 30 and an air discharge

-

pipe 32. Therefore, air existing in an outside region

F

of the second reactor containment vessel 7 1s supplied

to the inner space 22 from the air supply pipe 30. The

ailr in the inner space 22 1s heated by the heat

.

discharged from the condenser 16, ascends in the 1nner
space 22, and is discharged the outside region of the

second reactor containment vessel 7 through the air

discharge pipe 32. Therefore, the cooling medium 1in the
reactor cooling apparatus 14 is circulated between the

reactor pressure vessel 2 and the inner space 22, thus

the decay heat generated in the fuel assemblies 1n the
core can be discharged continuously outside the second
reactor containment vessel 7. Further, the open/close

g
P

valves 31 and 33 are totally closed at the time ot

#

normal operation of the nuclear power plant 1.

In the present embodiment, at an early stage after



10

15

20

22

CA 02806041 2013-02-15

_19_

the stop of the nuclear power plant 1n the state where
the normal power source, the outside power source, and
the emergency power source are lost, the steam 1n the
reactor pressure vessel 2 1s discharged into the
cooling water of the suppression pool 6 through the
steam discharge pipe 20, so that the steam generated by

F

the decay heat of the nuclear fuel material 1n the fuel

assembly can be removed by the cooling water 1n the

suppression pool 6. Therefore, the aforementioned decay

heat generated at an early stage after the stop of the

nuclear power plant can be removed by water cooling ot

gpr—

the cooling water of the suppression pool 6. If the

= -

temperature of the cooling water of the suppression

pool 6 rises, the cooling water of the suppression pool

F

6 is cooled by the cooling water of the cooling water

pool 8. This results in that the decay heat 1is cooled

—

by the cooling water of the cooling water pool 8.

The injection valve 11 is opened simultaneously

P

with opening of the open/close valve 21 or after the

pressure in the reactor pressure vessel 2 drops due to

#

discharge of steam, so that at an early stage after the

gt

stop of the nuclear power plant, the cooling water 1in

the water tank 10 can be injected 1into the reactor

pressure vessel 2 by gravity falling. By doing this,

o~
—

the core loading a plurality of fuel assemblies can Dbe




10

15

20

2 D

CA 02806041 2013-02-15

- 20 -

submerged in the cooling water and these fue.

assemblies can be cooled by the cooling water.

As shown in FIG. 2, when a certailn period elapses

P

from the time of stop of the nuclear power plant, the

P

generation quantity of the decay heat generated by the

nuclear fuel material included in the fuel assembliles

in the core is reduced. At this time, the decay heat

can be removed by air cooling, not by water cooling.

The reactor cooling apparatus 14 using a cooling medlum

is used to remove the decay heat by air cooling. In the

evaporator 15, the cooling medium 1s heated by high-
temperature cooling water (or steam) 1n the reactor

pressure vessel 2 and 1is evaporated to become steam and

in the condenser 16, the steam of the cooling medium 1S

cooled by the air in the inner space 22 to become a

ligquid of the cooling medium. This way, since the
cooling medium is circulated between the evaporator 15

and the condenser 16, the decay heat generated by the

nuclear fuel material in the core can be removed over a

-

long period of time.

In the present embodiment, as described above, the
decay heat 1s removed by the water cooling using the
steam discharge apparatus and the water 1njection

apparatus 9 at an early stage where the heat gquantity

pr—

of the decay heat is large and furthermore, the decay
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heat 1s removed by the air cooling by the reactor

cooling apparatus 14 at the subsequent stage where the

p—

heat quantity of the decay heat 1s reduced. Therefore,

F

the cooling of the core in the reactor pressure vessel

g

? can be executed continuously over a longer period of

time without supplying cooling water from the outside

of the nuclear power plant.

Furthermore, the present embodiment uses the
batteries 13A, 13B, and 13C, so that even when the
operation of the nuclear power plant 1 1s stopped and
the normal power source, the outside power source, and
the emergency power source are lost, the 1njection
valve 11 and the open/close valves 17 and 21 can be

opened by the batteries 13A, 13B, and 13C and as

F

described above, the cooling of the core 1n the reactor

pressure vessel 2 can be executed continuously over a

longer period of time.

Further, after the stop of the nuclear power plant,

when the electricity 1is suppllied from any power source

among the normal power source, the outside power source,

and the emergency power source, the injectilion valve 11

and the open/close valves 13B and 13C are opened Dy

this electricity and the aforementioned cooling 1s

executed.

[Embodiment 2]
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A nuclear power plant according to embodiment 2

—

which 1is another preferred embodiment of the present

invention will be explained by referring to FIG. 3.

A nuclear power plant 1A of the present embodiment

has a structure that 1n the nuclear power plant 1 of

embodiment 1, the evaporator 15 1s disposed above a

water surface 34 forming water level (NWL) at the time

it

of normal operation in the reactor pressure vessel 2.

#

The other structures of the nuclear power plant 1A are

— -
o

the same as those of the nuclear power plant 1 ot

embodiment 1. The nuclear power plant 1A of the present

embodiment is a boiling water nuclear power plant.

The present embodiment can obtain each effect
generated in embodiment 1. Furthermore, according to
the present embodiment, the evaporator 15 1is disposed
in steam space having high dryness 1n the reactor

pressure vessel 2 and compared with the case that 1t 1s

disposed in cooling water, the heat transfer property

to the reactor cooling apparatus 14 1s excellent, sO

that the area required for the transfer can be reduced

and the evaporator 15 can be made compact.

[Embodiment 3]

A nuclear power plant according to embodiment 3

which is other preferred embodiment of the present

invention will be explained by referring to FIG. 4.
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A nuclear power plant 1B of the present embodiment

is a boiling water nuclear power plant and has a

structure that in the nuclear power plant 1 of

g

embodiment 1, the liguid pipe 19 of the reactor cooling

apparatus 14 is disposed in the cooling water pool 8

and the suppression pool 6. The other structures of the

—

nuclear power plant 1B are the same as those of the

nuclear power plant 1 of embodiment 1.

In the present embodiment, the liquid pipe 19
connected to each outlet of the heat exchanger tubes of

the condenser 16 disposed in the inner space 22 1s

disposed in the inner space 22 outside the first

reactor containment vessel 3, 1is extended toward the

-

bottom of the second reactor containment vessel 7, 1S

disposed in the cooling water pool 8, 1is extended 1n

-

the cooling water of the cooling water pool 8 along the

g

bottom, and 1s disposed in the cooling water of the

suppression pool 6. The liquid pipe 19 1s further

extended in the cooling water of the suppression pool 6

toward the dry well 4 along the bottom of the

suppression pool 6, 1is extended upward in the dry well

4, and is connected to each inlet of the heat exchanger

tubes of the evaporator 15 1n the reactor pressure

vessel 2.

F

fTect

Lk

The present embodiment can obtain each e:



10

15

20

25

CA 02806041 2013-02-15

_24_

generated 1n embodiment 1. In the present embodiment,
the liquid pipe 19 1s disposed in the cooling water of
each of the cooling water pool 8 and the suppression

pool 6, so that the liquid of the cooling medium can be

cooled by each of the cooling water pool 8 and the

suppression pool 6 and the temperature of the liquid of

the cooling medium can be further reduced. If the

fr—

temperature of the liquid of the cooling medium flowing

in the liquid pipe 19 falls, the flow rate of the steam
of the cooling medium generated by the evaporator 15 1is

reduced and the steam flow velocity in the steam pipe

18 1is reduced. The frictional loss 1in the 1liquid pipe
19 is increased, though in the pressure loss of the

entire reactor cooling apparatus 14, the frictional

loss in the steam pipe 18 i1s dominant. Therefore, the

reduction in the steam flow velocity in the steam pipe

18 makes the pressure loss of the entire reactor

cooling apparatus 14 smaller and 1lmproves the heat
transport limit 1n the reactor coollng apparatus 14.
[Embodiment 4]
A nuclear power plant according to embodiment 4

*

which is other preferred embodiment of the present

invention will be explained by referring to FIG. 5.
A nuclear power plant 1C of the present embodiment

is a boiling water nuclear power plant and has a
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structure that a compressor 23 and a turbo-motor 24 are

added to the nuclear power plant 1 of embodiment 1. The

other structures of the nuclear power plant 1C are the

pr— ’
p—

same as those of the nuclear power plant 1 of

embodiment 1.
The compressor 23 coupled to the turbo-motor 24 1is
installed on the steam plpe 18. A steam pilpe 26

provided with an open/close valve 25 1s connected to a

steam inlet of the turbo-motor 24. A steam discharge
plipe 27 connected to a steam outlet of the turbo-motor
24 1s extended 1nto the cooling water of the
suppression pool 6. The open/close valve 25 1is opened
or closed by supply of the electricity from the normal
power source (or the outside power source and emergency
power source). In preparation for loss of these power
sources, a battery 13D is connected to the open/close

valve 25. In the present embodiment, an expansion valve

28 to which the battery 13B 1s connected 1s installed
on the liguilid pilipe 19.

Consider a situation 1n which the operation of the
nuclear power plant 1 is stopped and the normal power
source, the outside power source, and the emergency
power source are lost. After the operation of the
nuclear power plant 1C is stopped, the open/close valve

21 is opened by the electricity from the battery 13C at
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an early stage simllarly to embodiment 1 and the steam

1in the reactor pressure vessel 2 1s discharged into the
suppression pool 6 through the steam discharge pipe 20
and 1s condensed. In addition, simultaneously with
opening of the open/close valve 21 (or after the
pressure 1n the reactor pressure vessel 2 drops due to
discharge of steam into the suppression pool 6), the
injection valve 11 1s opened by the electricity from
the battery 13A and the cooling water 1n the water tank

10 1s 1njected 1into the reactor pressure vessel 2.

When the predetermined time elapses after the stop

of the nuclear power plant, the electricity 1s suppliled

from the battery 13B to the expansion valve 28, and the

expansion valve 28 1s opened. Furthermore, the
electricity is supplied to the open/close valve 25 from
the battery 13D, and the open/close valve 25 1s opened.
The heat exchanger tubes of the evaporator 15, the
steam pipe 18, the heat exchanger tubes of the
condenser 16 and the ligquid pipe 19 are fillled with a
cooling medium and similarly to embodiment 1, the

cooling medium 1s evaporated to become steam in the

heat exchanger tubes of the evaporator 15. The steam of
the cooling medium ascends 1n the steam pipe 18 and
reaches the condenser 23. Meanwhile, the steam 1in the

reactor pressure vessel 2 1s supplied to the turbo-
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motor 24 through the steam pipe 26 and the turbo-motor
24 rotates. The rotation of the turbo-motor 24 1is
transferred to the compressor 23 and the compressor 23
also rotates. The steam discharged from the steam
outlet of the turbo-motor 24 1s discharged 1nto the

cooling water of the suppression pool 6 through the

steam discharge pipe 27 and 1s condensed. When the

pressure 1n the reactor pressure vessel 2 1s high (for
example, 1 MPa or higher), the turbo-motor 24 1is driven
py the steam 1n the reactor pressure vessel 2 and

rotates the compressor 23. When the pressure 1in the

reactor pressure vessel 2 1s reduced to, for example,

less than 1 MPa, the rotation of the turbo-motor 24 1is
stopped. At thils time, the cooling medium in the
reactor cooling apparatus 14 1s circulated through the

—

heat exchanger tubes of the evaporator 15, the steam

pipe 18, the heat exchanger tubes of the condenser 16,
the liquid pipe 19, and the heat exchanger tubes of the
evaporator 15 similarly to embodiment 1. The steam of
the cooling medium flowing in the steam pipe 18 passes

through the compressor 23 and reaches the condenser 16.

n this way, the heat of the cooling water 1n the
reactor pressure vessel 2 1s transmitted to the air 1in
the 1nner space 22 and the cooling water 1n the reactor

pressure vessel 2 1s cooled.
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The steam of the cooling medlum reaching into the

compressor 23 1s compressed by the rotation of the
compressor 23 and rises 1n temperature. The steam of
the cooling medium rising in temperature 1s 1ntroduced
to the condenser 16, and then the steam 1s cooled and
condensed by the air in the inner space 22 1n the

-

condenser 16. The liguid of the cooling medium

generated by compression passes through the liquid pipe
19, is expanded by the expansion valve 28, falls 1n
temperature, and is supplied to the evaporator 15. The
liguid of the cooling medium becomes steam agalin 1n the
evaporator 15.
The present embodiment can obtain each effect

generated in embodiment 1. Furthermore, 1n the present
embodiment, the compressor 23 can raise the temperature

of the steam of the cooling medium, so that the

difference between the temperature of the steam of the
cooling medium in the condenser 16 and the temperature
of the air 1n the inner space 22, that 1s, the heat
drop, can be increased and the radiant heat transfer
effect is increased. As a result, the radiation rate

from the steam of the cooling medium to the 1nner space

22 can be increased. Further, the pressure of the

ligquid of the cooling medium after passing through the

expansion valve 28 can be made smaller, so that the
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p—

ference between the pressure of the liquid of the

I

di:

cooling medium flowing into the evaporator 15 and the

pressure in the reactor pressure vessel 2 1s 1ncreased,

thus the heat transfer property of the evaporator 15
can be improved and the evaporator 15 can Dbe

miniaturilized.

[REFERENCE SIGNS LIST]

1, 1A, 1B, 1C : nuclear power plant, 2 : reactor

-

pressure vessel, 3: first reactor containment vessel,

4 : dry well, 5 : pressure suppression chamber, 6
suppression pool, 7 : second reactor containment vessel,
8 : cooling water pool, 9 : water injection apparatus,

10 : water tank, 11 : injection valve, 12 : 1njection

pipe, 13A, 13B, 13C, 13D : battery, 1lo: evaporator,

16 : condenser, 17, 21, 25 : open/close valve, 18
steam pipe, 19 : ligquid pipe, 20, 27 : steam discharge
pipe, 23 : compressor, 24 : turbo-motor, 28 : expansion

valve.
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L)

D IS:

1. A nuclear power plant comprising:

a first reactor containment vessel 1nternally
having a dry well and a pressure suppression chamber

mutually isolated, sald pressure suppression chamber

forming a suppression pool being filled with cooling

water;

a reactor pressure vessel disposed 1n said dry well

in said first reactor containment vessel;

a second reactor containment vessel surrounding

N

.

sald

"irst reactor containment vessel and forming a

cooling water pool being filled with cooling water at a
bottom, said cooling water pool in said second reactor

containment vessel adjoining said suppression pool with

said first reactor containment vessel intervening

between these pools;

‘a steam discharge apparatus; and

a reactor cooling apparatus,

wherein said steam discharge apparatus has a steam
discharge pipe connected to salid reactor pressure

vessel and immersed in said cooling water 1in said

suppression pool, and a first open/close valve

installed in said steam discharge pipe; and

the reactor cooling apparatus has an evaporator

P

installed in said reactor pressure vessel for
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evaporating a cooling medium, a condenser disposed

above said cooling water pool between said first

reactor containment vessel and said second reactor

containment vessel for condensing steam of said cooling

medium generated in said evaporator, a first pipe path
connected to said evaporator and said condenser by
passing through a side wall of said reactor pressure
vessel and a side wall of said first reactor
containment vessel, said first pipe path 1ntroducing
sald steam of said cooling medium generated i1n said
evaporator, a second plpe path connected to said
condenser and said evaporator by passing through said
side wall of the reactor pressure vessel and sailid side
wall of said first reactor contalinment vessel, said
second pilipe path introducing a liguid of said cooling
medium generated 1n sald condenser to said evaporator,
and a second open/close valve installed in either said
first pilpe path or said second plpe path.

2. The nuclear power plant according to claim 1,

comprising a water 1njection apparatus having a cooling

water vessel being filled with cooling water, a cooling
water injection pipe connected to sald coollng water
vessel and saild reactor pressure vessel, and an
injection valve installed on said cooling water

injection pilpe.
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3. The nuclear power plant according to claim 1,

wherein said evaporator 1s disposed above a regular

water level 1n said reactor pressure vessel.

4. The nuclear power plant according to claim 2,
whereln sald evaporator 1s disposed above a regular
water level 1n sald reactor pressure vessel.

5. The nuclear power plant according to claim 1,

wherein said second pipe path 1s disposed in said

cooling water pool and said suppression pool.

©6. The nuclear power plant according to claim 2,
wherein sailid second pipe path 1s disposed 1n said
cooling water pool and said suppression pool.

7. The nuclear power plant according to claim 3,
wherein said second pipe path 1s disposed in said
cooling water pool and said suppression pool.

8. The nuclear power plant according to claim 4,
wherein said second pipe path 1is disposed 1n saild
cooling water pool and sald suppression pool.

9. The nuclear power plant according to claim 1,
wherein a compressor 1s 1installed in said first pipe

path, and a turbo-motor rotating with steam in said

reactor pressure vessel being supplied 1s connected to
sald compressor, and said second open/close valve
installed in sailid second pilipe path 1s an expansion

valve.
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10. The nuclear power plant according to claim 2,
wherein a compressor 1s installed in said first pipe
path, and a turbo-motor rotating with steam 1n said
reactor pressure vessel beling supplied 1s connected to
sald compressor, and said second open/close valve
installed 1n said second pipe path 1s an expansion

valve.

11. The nuclear power plant according to claim 1

wherein a battery is connected to said first open/close
valve and said second open/close valve.

12. The nuclear power plant according to claim 2,
whereln a battery 1s connected to said 1njection valve.

13. The nuclear power plant according to claim 9,
wherein a third open/close valve is installed on a
steam plipe connected to salid reactor pressure vessel
and sald turbo-motor; and a battery 1s connected to
said third open/close valve.

14. The nuclear power plant according to claim 10,
wherein a third open/close valve 1s installed on a
steam plpe connected to saild reactor pressure vessel
and said turbo-motor; and a battery 1s connected to

salid third open/close valve.
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