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(57) ABSTRACT 

In a nuclear reactor in which a primary coolant is contained, 
the primary coolant moves upwardly from the core by an 
operation thereof. An annular steam generator is arranged in 
an upper side of the core into which the upwardly moving 
primary coolant flows and transfers heat in the primary 
coolant into water therein to generate a steam. A passage 
structure defines a coolant passage for the primary coolant to 
an outside of the core. The heat-transferred primary coolant 
in the annular steam generator flows downwardly in the 
coolant passage so as to flow into the core, thereby moving 
upwardly. A reactor vessel is arranged to Surround the 
coolant passage so as to contain the core, the annular steam 
generator and the passage means therein. 
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REACTIVITY CONTROL ROD FOR CORE, CORE 
OF NUCLEAR REACTOR, NUCLEAR REACTOR 

AND NUCLEAR POWER PLANT 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention relates to a reactivity control 
rod for a core, a core of a nuclear, a nuclear reactor and a 
nuclear power plant. 

1. Field of the Invention 

0003 More particularly, the present invention relates to a 
reactivity control rod for a core, which can elongate the 
lifetime of the core, a core of a nuclear reactor composed of 
the reactivity control rod, which can have a long lifetime, a 
nuclear reactor which is cooled by a liquid metal and is able 
to reduce scattering of the liquid metal so as to be made into 
a small size thereof and a nuclear power plant which 
comprises the nuclear reactor. 
0004 2. Description of The Related Art 
0005. A conventional liquid metal cooled nuclear reactor 
with a small size, that is, a fast reactor is disclosed in U.S. 
Pat. No. 5,420,897. 

0006 Moreover, a conventional fast reactor has a struc 
ture for moving a neutron reflector in a vertical direction so 
as to adjust (control) a leakage of neutron from the core 
thereof, thus to compensate a change of reactivity of the core 
due to a burn-up (combustion) thereof. 
0007. In the aforesaid conventional liquid metal cooled 
nuclear reactors, an intermediate heat exchanger is arranged 
in a reactor vessel. A primary coolant performs the heat 
exchanging operation with a secondary coolant in the inter 
mediate heat exchanger, and the exchanged secondary cool 
ant is circulated to a steam generator arranged outside the 
reactor vessel so as to generate a steam. Namely, the 
conventional liquid metal cooled nuclear reactor has a 
structure of requiring a steam generator for generating a 
steam, an electromagnetic pump for circulating a secondary 
coolant between the reactor vessel and the steam generator, 
and piping equipments connecting them. 
0008 An activated liquid metal such as sodium is used as 
each of the coolants. For this reason, the reactor vessel and 
a facility using the liquid metal arranged around the reactor 
vessel have complicated structures, so that there is the 
possibility that an auxiliary facility is required in preparation 
for a leakage of the activated liquid metal, fire caused 
thereby or the like. 
0009 Moreover, in the conventional liquid metal cooled 
nuclear reactor, the liquid metal which is easily activated, 
Such as sodium is used as the coolant. That is, in the steam 
generator, the liquid metal which is easily activated reacts to 
water to generate a steam. For this reason, in cases where a 
water leakage occurs in a heating tube of the steam genera 
tor, it is difficult to avoid an occurrence of an accident caused 
by the reaction between the sodium and the leaked water. 
0010. The reaction between the sodium and the leaked 
water causes a reaction product, so that, in order to prevent 
the reaction product from directly being radiated, a second 
ary cooling system facility must be required. 
0011. In addition, a facility for housing the reaction 
product must be required so that there is the possibility that 
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the reactor system, as a whole, is made into a large size 
thereof, and that the cost of manufacturing the reactor 
system is made to be increased. 
0012 Furthermore, the electromagnetic pump is arranged 
in a liquid metal; however, it is coaxially arranged in series 
on a downstream side (lower side) of the intermediate heat 
exchanger in view of a heat resistant characteristic of a 
large-sized conductive coil of the electromagnetic pump or 
the like. On the other hand, each of tube plates arranged 
above and below the intermediate heat exchanger has a 
structure which is easy to receive a thermal stress, and an 
enlargement of its diameter causes an increase of the thermal 
stress so that it is taken into consideration to prevent each of 
the tube plates from being made into a large size thereof. 

0013 As described above, in the conventional liquid 
metal cooled reactor, the intermediate heat exchanger and 
the electromagnetic pump are vertically arranged in series; 
for this reason, the reactor is made into a large size thereof 
in its height direction (in its axial direction). 
0014. The reactor with a large size in its axial direction 
has a structure which is easily oscillated, thereby making it 
unstable. 

0015. On the other hand, in a conventional neutron 
reflector migration type of fast reactor, when elongating the 
lifetime of the core thereof, it must be necessary to make 
long the length of fuel assembly in the core. 

0016 That is, according to the progress of combustion of 
the fuel assembly, a reactivity of the fuel assembly becomes 
negative. 

0017. Therefore, in order to offset the negative reactivity, 
a neutron reflector is left up from a lower portion of the core 
to cover the height thereof so as to improve the ability of 
reflecting neutron, thereby increasing a positive reactivity of 
the neutron reflector, so that a reactivity of the whole core of 
the reactor needs to be set to 0; that is, it is necessary to make 
the reactor operate so as to keep a combustion in a critical 
State. 

0018 Thus, in order to elongate an operating period of 
the reactor, a fuel length of the fuel assembly must be made 
long. Furthermore, in cases where the fuel length of the fuel 
assembly is made long, the reactor vessel of the reactor 
becomes long as a whole; as a result, there is the possibility 
of deteriorating the economics of the reactor. Furthermore, 
there are problems of causing a change of reactivity by 
deformation of the core in the lifetime thereof the core, an 
increase of pullout force of the fuel assembly. 

SUMMARY OF THE INVENTION 

0019. The present invention is made in view of the 
aforesaid problems in the related art. 
0020. Accordingly, it is an object of the present invention 
to provide a nuclear reactor, which is capable of limiting a 
space for housing a liquid metal used as a coolant into an 
inside of a reactor vessel thereof So as to prevent scattering 
of the coolant to the outside thereof, whereby it is possible 
to make simple the whole structure of the nuclear reactor 
with a cooling facility, and to make compact the whole 
structure thereof, and to provide a nuclear power plant 
comprising the nuclear reactor. 
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0021. In order to achieve such object, according to one 
aspect of the present invention, there is provided a nuclear 
reactor in which a primary coolant is contained, including: 
a core composed of nuclear fuel, the coolant moving 
upwardly from the core by an operation thereof an annular 
steam generator arranged in an upper side of the core into 
which the upwardly moving coolant flows and adapted to 
transfer heat in the coolant into water therein to generate a 
steam; a passage structure that defines a coolant passage for 
the coolant to an outside of the core, the heat-transferred 
coolant in the annular steam generator flowing downwardly 
in the coolant passage so as to flow into the core, thereby 
moving upwardly; and a reactor vessel arranged to Surround 
the coolant passage so as to contain the core, the annular 
steam generator and the coolant passage therein. 

0022. In order to achieve such object, according to 
another aspect of the present invention, there is provided a 
nuclear power plant comprising a nuclear reactor in which a 
coolant is contained, the nuclear reactor including: a core 
composed of nuclear fuel, the coolant moving upwardly 
from the core by an operation thereof an annular steam 
generator having a plurality of heat transfer tubes and 
arranged in an upper side of the core into which the 
upwardly moving coolant flows, the annular steam generator 
transferring heat in the coolant with water in the heat transfer 
tubes to generate a steam; a passage structure that defines a 
coolant passage for the coolant to an outside of the core, the 
heat-transferred coolant in the annular steam generator flow 
ing downwardly in the coolant passage so as to flow into the 
core, thereby moving upwardly; and a reactor vessel 
arranged to Surround the coolant passage so as to contain the 
core, the annular steam generator and the passage means 
therein; a feed water branch pipe connecting to correspond 
ing to heat transfer tubes; a steam branch pipe connecting to 
corresponding to heat transfer tubes, the feed water branch 
pipe and the steam branch pipe independently penetrating 
through a reactor container facility; a first feed water pipe; 
a steam pipe, the feed water branch pipe and the steam 
branch pipe being connected to the first feed water pipe and 
the steam pipe outside the reactor container facility, respec 
tively; a steam bypass pipe branching from the steam branch 
pipe and provided with a steam separator having a bottom 
portion; an air conditioner provided for the steam separator 
via a steam facility pipe thereof, and a second feed water 
pipe with a feed-water pump, the bottom portion of the 
steam separator being connected through the second feed 
water pipe to the feed water branch pipe. 

0023. In order to achieve such object, according to further 
aspect of the present invention, there is provided a reactivity 
control rod for use in a reactor core and for controlling a 
reactivity therein, comprising: a tube portion; and a mixture 
filled in the tube portion, the mixture being made by mixing 
a neutron absorber that absorbs a neutron and a neutron 
moderator that moderates a neutron. 

0024. In order to achieve such object, according to still 
further aspect of the present invention, there is provided a 
reactor core in a core barrel of a nuclear reactor, comprising: 
a plurality of fuel assemblies contained in the core barrel; 
and a mixture contained in the core barrel, the mixture being 
made of a neutron absorber that absorbs a neutron in the core 
and a neutron moderator that moderates a neutron therein so 
that a reactivity of the core is controlled. 
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0025. According to the present invention, it is possible to 
reduce a heat value dispersed to the outside, thereby improv 
ing a heat efficiency thereof, and to make the reactor vessel 
compact into a small size as a whole, thereby securely 
preventing a leakage of the liquid metal. 
0026 Furthermore, according to the present invention, 
because the whole of the reactor vessel is kept at a suitable 
temperature, and is protected from a rapid heat transit, it is 
possible to secure a structural safety of the reactor, and to 
make an operation of the reactor for a long period. In 
addition, after a shutdown of the reactor, because a natural 
circulating force generated by heating of the core and 
radiation from the reactor vessel is effectively used, it is 
possible to stably carry out a decay heat removal operation 
of the reactor. 

0027 Still furthermore, in particular, the shape of the 
reactor is miniaturized in its longitudinal direction, and 
therefore, it is possible to prevent a contact of the liquid 
metal with the water so as to make an operation of the 
reactor for a long period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. Other principles of the present invention will 
become apparent from the following description of embodi 
ments of the present invention with reference to the accom 
panying drawings in which: 
0029 FIG. 1 is a longitudinal cross sectional view illus 
trating a liquid metal cooled nuclear reactor according to a 
first embodiment of the present invention; 
0030 FIG. 2 is a cross sectional view taken along a line 
II-II of FIG. 1; 
0031 FIG. 3 is an enlarged view illustrating a portion B 
shown in FIG. 1; 
0032 FIG. 4 is an enlarged view illustrating a portion C 
shown in FIG. 1; 
0033 FIG. 5 is an enlarged view illustrating a portion D 
shown in FIG. 1; 
0034 FIG. 6 is an enlarged view illustrating the portion 
B shown in FIG. 1 to explain an operation when removing 
decay heat; 
0035 FIG. 7 is an enlarged view illustrating the portion 
C shown in FIG. 1 to explain the operation when removing 
decay heat; 
0036 FIG. 8 is an enlarged view illustrating the portion 
D shown in FIG. 1 to explain the operation when removing 
decay heat; 
0037 FIG. 9 is a view corresponding to FIG. 3 accord 
ing to a second embodiment of the present invention; 
0038 FIG. 10 is a view corresponding to FIG. 4 accord 
ing to the second embodiment of the present invention; 
0.039 FIG. 11 is a view corresponding to FIG. 5 accord 
ing to the second embodiment of the present invention; 
0040 FIG. 12 is a view corresponding to FIG. 6 accord 
ing to the second embodiment of the present invention; 
0041 FIG. 13 is a view corresponding to FIG. 7 accord 
ing to the second embodiment of the present invention; 
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0.042 FIG. 14 is a view corresponding to FIG. 8 accord 
ing to the second embodiment of the present invention; 
0043 FIG. 15A is a view corresponding to FIG. 3 
according to a third embodiment of the present invention; 
0044 FIG. 15B is an enlarged cross sectional view of a 
heat transfer tube in FIG. 15A; 

0045 FIG. 16 is a view corresponding to FIG. 4 accord 
ing to the third embodiment of the present invention; 
0046 FIG. 17 is a view illustrating a liquid metal cooled 
reactor according to a modification of the third embodiment; 
0047 FIG. 18 is a view illustrating a system configura 
tion of a liquid metal cooled nuclear power plant according 
to a fourth embodiment of the present invention; 
0.048 FIG. 19A is a lateral sectional view illustrating a 
fast reactor according to a fifth embodiment of the present 
invention; 

0049 FIG. 19B is a longitudinal sectional view sche 
matically illustrating the fast reactor in FIG. 19 A; 
0050 FIG. 20 is a lateral sectional view illustrating a 
reactivity control assembly in FIG. 19A and FIG. 19B; 
0051 FIG. 21 is a characteristic diagram to explain an 
operation of the fast reactor according to the fifth embodi 
ment of the present invention; 
0052 FIG. 22 is a view illustrating a neutron absorption 
cross section of gadolinium according to the fifth embodi 
ment of the present invention; and 
0053 FIG. 23 is a longitudinal sectional view illustrating 
a fast reactor according to a sixth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0054 The preferred embodiments of the present inven 
tion will be described below with reference to the accom 
panying drawings. 

0055. In these embodiments, as one example of a nuclear 
reactor according to the present invention, a liquid metal 
cooled reactor is described 

First Embodiment (FIG. 1 to FIG. 8) 
0056. A liquid metal cooled nuclear reactor of this first 
embodiment is generally constructed in the following man 

. 

0057 More specifically, the liquid metal cooled nuclear 
reactor Schematically comprises a reactor vessel housing 
therein a reflector and a neutron shield, and a partition wall 
structure defining a coolant passage capable of utilizing a 
heat generated by these reflector and neutron shield as an 
output of the reactor. 
0.058. Furthermore, the liquid metal cooled nuclear reac 
tor comprises an electromagnetic pump and a steam gen 
erator annularly arranged, and the electromagnetic pump is 
arranged so as to be included in a downstream side of the 
steam generator so that an upper portion of the electromag 
netic pump and a lower portion of the steam generator is 
overlapped in the axial direction thereof. 
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0059. The liquid metal cooling facility including the 
partition wall structure deciding the coolant passage, the 
electromagnetic pump and the Steam generator and the 
reactor core are housed in the reactor vessel so as to make 
small a heat value dispersed to the outside thereof, thereby 
improving a heat efficiency of the reactor core, thus it is 
capable of making compact the reactor vessel as a whole, 
thereby reducing the possibility of leakage can be reduced to 
the utmost. 

0060 FIG. 1 is a view illustrating a structure of a liquid 
metal cooled nuclear reactor. The liquid metal cooled 
nuclear reactor 1 has a core 2 composed of nuclear fuel 
assemblies each of which is packed with a nuclear fuel, and 
the core 2 is formed into a substantially cylindrical shape. 
The outer periphery of the core 2 is surrounded by a core 
barrel 3 for protecting the core 2. An annular reflector 4 is 
arranged outside of the core barrel 3 so as to surround the 
core barrel 3. An inner partition wall 6 is provided outside 
the reflector 4. The inner partition wall 6 surrounds the outer 
periphery of the reflector 4 so as to define an inner wall of 
a coolant passage 5 of liquid metal which is used as a 
primary coolant. An outer partition wall 7 defining an outer 
wall of the coolant passage 5 is arranged outside the inner 
partition wall 6 at a predetermined space. In the coolant 
passage 5, a neutron shield 8 is disposed so as to Surround 
the core 2. A reactor vessel 9 is provided outside the outer 
partition wall 7 so as to house it, and further, a guard vessel 
10 for protecting the reactor vessel 9 is arranged outside the 
reactor vessel 9. 

0061 The reflector 4 is suspended by a plurality of 
driving shafts (not shown) penetrating through an upper plug 
11, and is supported so as to be vertically movable by a 
reflector driving device (not shown). The inner partition wall 
6 is extended upwardly from a base plate 12 on which the 
core 2 is mounted so as to form the annular coolant passage 
5 between it and the outer partition wall 7, in which the 
neutron shield 8 is disposed. 
0062. In the coolant passage 5 above the disposed neu 
tron shield 8, an electromagnetic pump 13 and a steam 
generator 14 are annularly arranged, and the electromagnetic 
pump 13 is arranged so as to be included in a downstream 
side of the steam generator 14 So that an upper portion of the 
electromagnetic pump and a lower portion of the steam 
generator is overlapped in the axial direction thereof. 
0063. The steam generator 14 has a shell side through 
which the liquid metal, which is a primary coolant, flows, 
and a tube side including a plurality of heat transfer tubes 16 
through which water, which is a secondary coolant, flow so 
that a heat exchange is performed via walls of the heat 
transfer tubes 16 in the steam generator 14. 
0064. The steam generator 14 and the electromagnetic 
pump 13 are arranged so that a predetermined space as a part 
of the coolant passage 5 is formed between an inner periph 
ery of the steam generator 14 and an outer periphery of the 
electromagnetic pump 13, whereby the primary coolant 
discharged from a lower end portion of the steam generator 
14 is Sucked from the upper end portion of the electromag 
netic pump 13 via the formed part of the coolant passage 5. 
0065 FIG. 2 is the lateral sectional view taken along a 
line II-II shown in FIG. 1. 

0066. As shown in FIG. 2, the core 2 is formed into a 
shape of circle in its lateral cross section, and the core barrel 
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3 is provided outside the core 2. Moreover, the reflector 4 
comprises several split cylindrical elements each having 
both end Surfaces, which are annularly arranged outside the 
core barrel 3 with the adjacent end surfaces of the adjacent 
cylindrical elements jointed to each other. The inner parti 
tion wall 6 is arranged outside the reflector 4. In this case, 
the end surfaces of the several split cylindrical elements 
extend over the entire length of the reflector 4 in the 
longitudinal direction thereof. 
0067. In this embodiment, for example, the reflector 4 is 
divided into six cylindrical elements which are suspended by 
the driving shafts (not shown) so as to be movable in the 
longitudinal direction thereof without interference with each 
other. In FIG. 2, the neutron shield 8 comprises a plurality 
of cylinders 21 annularly arranged to be spaced out each 
other, and the cylinders 21 are arranged outside the outer 
periphery of the inner partition wall 6. 
0068. In this first embodiment, six driving shafts (not 
shown) Suspending the six divided cylindrical elements are 
arranged at a position equally separated from the center axis 
of the reactor vessel 9. 

0069. The electromagnetic pump 13 is arranged outside 
the driving shaft above the core 2 via the inner partition wall 
6, shown in FIG. 1. Furthermore, the steam generator 14 is 
arranged outside the electromagnetic pump 13 via an outer 
shell 22 of the electromagnetic pump 13 and the coolant 
passage 5 for the primary coolant. The steam generator 14 
has an inner shell 23 arranged outside the outer shell 22 of 
the electromagnetic pump 22 so as to Surround the upper 
portion of the inner shell 22 thereof, an outer shell 24 
arranged outside the inner shell 23 at a predetermined space 
so as to surround the inner shell 23, and the heat transfer 
tubes 16 arranged between the inner shell 23 and the outer 
shell 24. 

0070 Still furthermore, the reactor core 1 comprises an 
inlet nozzle 18 which is mounted on the upper side of the 
reactor vessel 9 so as to be penetrated in sealed state 
therethrough, and an outlet nozzle 19 which is mounted on 
the-upper side of the reactor vessel 9 so as to be penetrated 
in sealed State therethrough. 
0071 Next, the following is a description on an operation 
of the liquid metal cooled nuclear reactor 1 according to the 
first embodiment. 

0072. In the liquid metal cooled nuclear reactor 1, the 
core 2 uses the nuclear fuel containing plutonium or the like, 
and, in the actual operation of the reactor 1, the nuclear fuel 
including the plutonium or the like is split to generate heat, 
and, simultaneously, to cause excessive fast neutrons to be 
absorbed in depleted uranium, thereby generating plutonium 
on an amount equally to that to be burned up. The reflector 
4 reflects the neutrons irradiated from the core 2 to thereby 
facilitate burn-up and breeding of the nuclear fuel in the core 
2. 

0073. With the burn-up of the nuclear fuel, the reflector 
4 is gradually moved vertically in the axial direction of the 
core 2, while maintaining the criticality of the nuclear fuel. 
0074 According to the vertical movement of the reflector 
4, a new portion of the fuel in the core 2 is then gradually 
burned up, and thus keeping an operation of the reactor 1 for 
a long period with the burn-up maintained. 
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0075. In the operation of the reactor 1, the reactor vessel 
9 is filled with a liquid metal, which is a primary coolant, and 
the core 2 is cooled by the primary coolant while taking, the 
outside of the core 2, heat generated by the nuclear fission 
therein. In FIG. 1, solid line arrow “a” of a solid line shows 
a flowing direction of the primary coolant. As shown by 
these solid line arrows, the primary coolant moves down 
ward by the operation of the electromagnetic pump 13, and 
then, flows downwardly through the inside of the neutron 
shield 8 so as to enter into the bottom portion of the reactor 
vessel 9. Therefore, since the primary coolant flows through 
the inside of the neutron shield 8, it is possible to effectively 
cool the neutron shield 8. 

0076) Next, the primary coolant moves upwardly while 
flowing through the core 2 and being heated therein, and 
after that, flows into the shell side of the steam generator 14 
at the upper portion of the reactor vessel 9. 
0.077 On the other hand, as shown in FIG. 3, water used 
as a secondary coolant flows into the tube side of the steam 
generator 14. In detail, the water flowing via the inlet nozzle 
18 enters into downcomer tubes 16a in the heat transfer 
tubes 16 to flow downwardly in the axial direction thereof. 
0078. Then, the water enters into a tube side, that is, heat 
transfer tubes (riser tubes) 16b which are arranged in layers 
to flow upwardly through the heat transfer tubes 16b in the 
axial direction thereof. 

0079 Therefore, the primary coolant flows upwardly 
through the shell side of the steam generator 14 and the 
water flows upwardly through the tube side (heat transfer 
tubes 16b) thereof so that heat in the primary coolant is 
transferred into the water in the steam generator 14, and 
thereafter, is discharged from the lower end portion thereof. 
0080. The discharged primary coolant passes through the 
coolant passage 5 on the lower side of the steam generator 
14 to enter into the coolant passage 5 formed as the space 
between the inner periphery 23 of the steam generator 14 
and the outer periphery 22 of the electromagnetic pump 13. 
thereby moving upwardly along the coolant passage 5. 
0081. The primary coolant flowing out from the coolant 
passage 5 is Sucked from the upper end portion of the 
electromagnetic pump 13 via the primary coolant passage 5 
formed on the upper side thereof, and is again moved 
downwardly by the operation of the electromagnetic pump 
13. 

0082 On the other hand, after the water is heated by the 
primary coolant in the -heat transfer tubes 16b of the steam 
generator 14, the water flowing through the outlet nozzle 19 
flows out, as a steam, to the outside of the nuclear reactor 1 
(reactor vessel 9) so that a thermal power that the steam has 
is converted into an electric power or the like. 
0083. In this first embodiment, a decay heat after the 
shutdown of the reactor 1 is passed through the steam 
generator 14 via a turbine bypass system to be removed by 
a condenser and a natural radiation of the reactor 1. 

0084 As described above, according to the liquid metal 
cooled nuclear reactor 1 of this first embodiment, the all 
elements required for cooling the core 2 by using the liquid 
metal, such as the core reactor barrel 3, the reflector 4, the 
partition wall structure having the inner partition wall 6 and 
the outer partition wall 7, the neutron shield 8, the electro 
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magnetic pump 13 and the steam generator 14 are contained 
in the reactor vessel 9. Therefore, it is possible to make small 
a heat value dispersed to the outside of the reactor 1, thereby 
improving the heat efficiency thereof. 
0085. Furthermore, according to the liquid metal cooled 
nuclear reactor 1 of this first embodiment, it is possible to 
make compact the whole size of the reactor vessel 9, thereby 
reducing a possibility of leaking the liquid metal from the 
reactor vessel 9. 

0.086 Still furthermore, according to the nuclear reactor 
1, because the Steam generator 14 is provided in the reactor 
vessel 9 without providing therein an intermediate heat 
exchanger, it is also possible to make reduce the scale of the 
power plant (reactor system) using the nuclear reactor 1, and 
to reduce the cost of manufacturing the reactor system 
(power plant). 

0087. In addition, according to the nuclear reactor 1 
according to the first embodiment, because the electromag 
netic pump 13 is arranged so as to be included in the 
downstream side of the steam generator 14 So that the upper 
portion of the electromagnetic pump 13 and the lower 
portion of the steam generator 14 is overlapped in the axial 
direction thereof, as compared with the conventional liquid 
metal cooled reactor having the structure that the interme 
diate heat exchanger and the electromagnetic pump are 
vertically arranged in series, it is possible to make Small the 
length of the reactor 1 in the axial direction thereof so as to 
prevent the reactor 1 from being oscillated, thereby making 
the reactor 1 stable. 

0088 Next, the following is a description on the details 
of the liquid metal cooled nuclear reactor 1 of the first 
embodiment. 

0089. As shown in FIG. 1, the steam generator 14 and the 
electromagnetic pump 13 are constructed integrally with an 
upper structural member 15 of the reactor 1. The upper 
structural member 15 is used for suspending the steam 
generator 14 and the electromagnetic pump 13 together. The 
outer shell 24 of the steam generator 14 forms an outer 
shroud of the structural member 15. A seal structural mem 
ber 17 comprising a piston ring or the like is interposed 
between the upper end portion of the inner partition wall 6 
and the lower end portion of the electromagnetic pump 13. 
The seal structural member 17 is adapted to absorb expan 
sion and shrinkage of the liquid metal cooled nuclear reactor 
1 due to heat generated thereby so as to define the coolant 
passage 5. 

0090 Moreover, the upper structural member 15 has a 
structure of integrally Suspending the steam generator 14 
and the electromagnetic pump 13. The expansion and 
shrinkage of the upper structural member 15 by thermal 
expansion with the operation of reactor 1 is absorbed by the 
seal structural member 17. A structural portion for support 
ing the core 2 is provided at the bottom portion of the reactor 
vessel 9 via the base plate 12, and the expansion and 
shrinkage of the reactor vessel 9 and the core 2 by heat is 
absorbed by the seal structural member 17. 
0.091 As a result, it is possible to disperse a weight 
loaded onto the reactor vessel 9. Moreover, the upper portion 
of the core 2 is a hollow space so that it is possible to 
perform a work of exchanging the core 2 without removing 
the electromagnetic pump 13 and the steam generator 14. 
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0092. Therefore, according to the first embodiment, in 
addition to the effect for making compact the reactor vessel 
9 into a small size, it is possible to perform the work of 
exchanging the core 2 without removing the electromagnetic 
pump 13 and the steam generator 14. Moreover, the upper 
structural member 15 is provided for the reactor vessel 9 so 
that the upper structural member 15, the electromagnetic 
pump 13 and the steam generator 14 are permitted to be 
integrally removed therefrom, making it possible to improve 
the transportation and the installation of the reactor vessel 9. 
0093 Subsequently, the liquid metal cooled nuclear reac 
tor 1 will be more detailedly explained below with reference 
to FIG.3 to FIG. 5. FIG. 3, FIG. 4 and FIG.5 are enlarged 
views of the portions B, C and D shown in FIG. 1, 
respectively. Especially, FIG. 3 illustrates a state of a liquid 
Surface of the primary coolant contained in the reactor vessel 
9 when the reactor 1 is operated. In FIG.3, FIG. 4 and FIG. 
5, a solid line arrow “as shows a flowing direction of the 
primary coolant when the reactor 1 is operated in the first 
embodiment. 

0094. As shown in FIG. 5, a plurality of bypass passages 
26 are formed on the structural portion Supporting the base 
plate 12 on which the core 2 is placed, at the lower portion 
of the reactor vessel 9. These bypass passages 26 commu 
nicate with an annular space defined between the outer 
partition wall 7 and the reactor vessel 9, and the upper end 
portion of the outer partition wall 7 is opened in the upper 
space of the reactor vessel 9. 
0095. As shown by these arrows “a”, the primary coolant 
moves downward by the operation of the electromagnetic 
pump 13, and then, flows downwardly through the inside of 
the neutron shield 8 so as to enter into the bottom portion of 
the reactor vessel 9. 

0096) Next, most of the primary coolant is moved 
upwardly while flowing through the core 2 and being heated 
therein, and after that, flows into the shell side of the steam 
generator 14 at the upper portion of the reactor vessel 9. 
0097. On the other hand, a part of the primary coolant 
flows into the annular space between the reactor vessel 9 and 
the outer partition wall 7 via the plurality of bypass passages 
26 formed on the structural portion Supporting the base plate 
12, as shown in FIG. 5. The primary coolant moving up via 
the annular space flows over the upper end portion of the 
outer partition wall 7 to invert thereat, as shown in FIG. 3, 
and then, flows into an annular space formed between the 
outer partition wall 7 and the outer shell 24 of the steam 
generator 14. Because the primary coolant is in a low 
temperature state before flowing into the core 2, and is 
moved upwardly while cooling the whole of the reactor 
vessel 9, it is possible to keep, by securing a flow rate of the 
primary coolant, a wall surface of the reactor vessel 9 at a 
low temperature. 

0098. Therefore, according to the first embodiment, in the 
operation of the reactor 1, the whole of the reactor vessel 9 
is maintained at a low temperature, and thereby, it is possible 
to secure a structural safety of the reactor vessel 9, and to 
make an operation for a long period while reducing a 
possibility of leaking a liquid metal. 

0099 Next, a decay heat removal operation will be 
described below with reference to FIG. 6 to FIG.8. FIG. 6, 
FIG. 7 and FIG. 8 are correspondent to FIG. 3, FIG. 4 and 



US 2006/021 0010 A1 

FIG. 5, respectively. In FIG. 3, FIG. 4 and FIG. 5, the solid 
line arrows “a show flowing directions of the primary 
coolant when removing a decay heat in this first embodi 
ment, and broken line arrows “b' show flowing directions of 
air which flows in the reactor 1 through an inlet port to flow 
out from an outlet port. 
0100. As shown in FIG. 6, the steam generator 14 has an 
intermediate shell 25 arranged between the inner shell 23 
and the outer shell 24 for partitioning heat exchange portions 
(the heat transfer tubes 16b) and downcomer portions (the 
downcomer tubes 16a). An upper end portion of the inter 
mediate shell 25 is projected to have a height which is higher 
than a liquid Surface of the primary coolant in the reactor 
vessel 9 in a normal operation of the reactor 1. 
0101 The outer shell 24 is formed with an opening 
portion (outer shell opening portion) 27 at a position higher 
than the liquid surface of the reactor vessel 9 in the normal 
operation of the reactor 1. Moreover, an air duct 28 is 
arranged to Surround the outer periphery of the guard vessel 
10 at a predetermined space. 

0102 Moreover, the inner shell 23 of the steam generator 
14 is formed at its a predetermined portion with an opening 
window 23a, and the predetermined portion of the opening 
window 23a is lower than the position of the opening portion 
27 of the intermediate shall 25. 

0103) In the operation of the reactor 1 shown in FIG. 3, 
the primary coolant heated by the core 2 flows upwardly 
through the upper portion of the reactor vessel 9 into the 
shell side of the steam generator 14. When the primary 
coolant flows in the shell side thereof, a liquid surface on the 
shell side of the steam generator 14 is the same as the liquid 
surface of the reactor vessel 9 on the assumption that a 
pressure loss of the opening window 23a may be ignored. 
The upper end portion of the intermediate shell 25 is 
projected to have the height which is higher than the liquid 
surface of the reactor vessel 9 in the normal operation of the 
reactor 1 so that it is possible to prevent the primary coolant 
from flowing into the downcomer tubes 16a in the heat 
transfer tubes 16, which are formed between the intermedi 
ate shell 25 and the outer shell 24, thereby preventing a 
reduction of heat efficiency of the steam generator 14. 
0104. On the contrary, as shown in FIG. 6, in an opera 
tion of the reactor 1 when removing a decay heat, the liquid 
metal used as the primary coolant is expanded in its Volume 
by a rise of its temperature so that the primary coolant flows 
over from the upper end portion of the intermediate shell 25 
to flow into the annular space formed between the reactor 
vessel 9 and the outer partition wall 7 via the opening 
portion 27 formed in the outer shell 24. The primary coolant 
flows down through the annular space formed between the 
reactor vessel 9 and the outer partition wall 7, while, 
simultaneously, making a heat exchange with the air, shown 
by the arrow “b”, moving upwardly through the annular 
space formed between the guard vessel 10 and its outer 
periphery of the air duct 28 via a wall surface of the reactor 
vessel 9 and the wall surface of the guard vessel 10. 
0105 Thereafter, as shown in FIG. 8, the primary coolant 
flows into the bottom portion of the reactor vessel 9 via the 
plurality of bypass passages 26 formed at the structural 
portion Supporting the base plate 12 for placing the core 2. 
The primary coolant flowing into the bottom portion of the 
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reactor vessel 9 and having a low temperature is sucked by 
a natural circulating force based on the heating in the core 
2 so as to flow thereinto. 

0106 Therefore, in the first embodiment, in the normal 
operation of the reactor 1, it is possible to highly maintain 
the heat efficiency of the steam generator 14, and in addition 
to the effect, after the shutdown of the reactor 1, it is possible 
to perform the operation of the reactor 1 when removing the 
decay heat by effectively using a natural circulating force 
caused by a heat generated in the core 2 and a radiation from 
the wall surface of the reactor vessel 9. Therefore, it is able 
to surely perform the removal of decay heat in the reactor 1 
itself, making it possible to secure a structural safety of the 
reactor vessel 9, to make an operation of the reactor 1 for a 
long period while eliminating a probability of leaking the 
liquid metal. 

Second Embodiment (FIG. 9 to FIG. 14) 
0107 FIG. 9 to FIG. 14 illustrate a second embodiment 
of the present invention. FIG. 9, FIG. 10 and FIG. 11 are 
correspondent to FIG. 3, FIG. 4 and FIG. 5, respectively, 
which show a state of a liquid Surface and a flow of primary 
coolant in an operation of the reactor. FIG. 12, FIG. 13 and 
FIG. 14 are correspondent to FIG. 3, FIG. 4 and FIG. 5, 
respectively, and show an operation in the removal of decay 
heat. In FIG. 9 to FIG. 14, solid line arrows “a show 
flowing directions of the primary coolant, and broken lines 
arrow “b' show flowing directions of air. 
0108) A liquid metal cooled nuclear reactor 1A of this 
second embodiment has basically the same structure as that 
of the above first embodiment and therefore, the overlapping 
explanation is omitted with reference to FIG. 1 and FIG. 2. 

0.109. In this second embodiment, as shown in FIG. 11 
and FIG. 14, no bypass passage of the first embodiment is 
formed on a structural portion Supporting the base plate 12 
placing the core 2 at the lower portion of the reactor vessel 
9. On the other hand, as shown in FIG. 10 and FIG. 13, the 
outer partition wall 7 is formed with a plurality of opening 
portions 29 in the vicinity of an outlet bottom portion 14a of 
the steam generator 14. 

0110. According to the above structure of the reactor 1A, 
in the normal operation of the reactor 1A, as shown by the 
arrows “a” in FIG. 9 to FIG. 11, the primary coolant moves 
downward by the operation of the electromagnetic pump 13, 
and then, flows downwardly through the inside of the 
neutron shield 8 so as to enter into the bottom portion of the 
reactor vessel 9. Next, the primary coolant moves upwardly 
while flowing through the core 2 and being heated therein, 
and after that, flows into the shell side of the steam generator 
14 at the upper portion of the reactor vessel 9. 
0111. On the assumption that a pressure loss is ignored at 
the portion of the opening window 23a in the inner shell 23 
of the steam generator 14, a liquid Surface of the liquid metal 
in the Steam generator 9 is the same as that in the reactor 
vessel 9. 

0.112. On the other hand, each liquid surface of the space 
between the intermediate shell 25 of the steam generator 14 
and the outer shell 24 thereof, the space between the outer 
shell 24 and the outer partition wall 7, and the space between 
the outer partition wall 7 and the reactor vessel 9, is as 
follows. 
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0113 More specifically, each liquid surface of these 
spaces is lower than the liquid Surface of the reactor vessel 
9 by the pressure loss on the shell side of the steam generator 
14 in the normal operation, and becomes the same liquid 
level. 

0114. Each primary coolant in the space between the 
intermediate shell 25 and the outer shell 24, the space 
between the outer shell 24 and the outer partition wall 7, and 
the space between the outer partition wall 7 and the reactor 
vessel 9, is as follows. More specifically, in the normal 
operation of the reactor 1A, the primary coolant in each 
space gets to be an equilibrium temperature state by heat 
balance of an heat input from the inside of the reactor vessel 
9 and a heat radiation to the air side via the reactor vessel 9 
and the guard vessel 10. 
0115. As a result, it is possible to protect a wall surface 
of the reactor vessel 9 from a rapid heat transit by a change 
of operating mode of the reactor 1A. 
0116. Moreover, in the operation of the reactor 1A while 
removing decay heat, as shown by the arrows “a” in FIG. 12 
to FIG. 14, the primary coolant flows over from the upper 
end portion of the intermediate shell 25 due to a volume 
expansion of the liquid metal by the rise of its temperature 
so that the primary coolant flows into the annular space 
formed between the reactor vessel 9 and the outer partition 
wall 7 via the opening portion 27 formed in the outer shell 
24. The primary coolant gets to have a high temperature by 
a decay heat of the core 2, and then, flows into the annular 
space formed between the reactor vessel 9 and the outer 
partition wall 7, while, as shown by the arrow “b’ in FIG. 
14, making a heat exchange with the air moving upwardly 
through the annular space formed between the guard vessel 
10 and the air duct 28 surrounding the outer periphery 
thereof via the wall surface of the reactor vessel 9 and the 
wall surface of the guard vessel 10. 
0117 Thereafter, the primary coolant flows into the cool 
ant passage 5 at the bottom portion of the steam generator 14 
via the opening portions 29 formed in the outer partition wall 
7 in the vicinity of the bottom portion on the outlet of the 
steam generator 14. Namely, the primary coolant flowing 
into the coolant passage 5 contributes mainly to the removal 
of decay heat in the wall surface of the reactor vessel 9 
positioning on the outer peripheral portion of the steam 
generator 14. 
0118. After passing through the coolant passage 5 at the 
bottom portion of the steam generator 14, the primary 
coolant is moved upwardly along an elongated portion of the 
coolant passage 5 formed as the space between the inner 
peripheral portion of the inner shell 23 of the steam gen 
erator 14 and the outer peripheral portion of the outer shell 
of the electromagnetic pump 13. Then, the primary coolant 
is Sucked from the upper end portion of the electromagnetic 
pump 13 via the primary coolant passage 5 formed at the 
upper portion of the electromagnetic pump 13 So as to flow 
through the electromagnetic pump 13, thus to be guided 
downwardly. Furthermore, the primary coolant passing 
through the neutron shield 8 to flow into the bottom portion 
of the reactor vessel 9, which has a low temperature, is 
Sucked by a natural circulating force based on heat genera 
tion in the core 2 to flow thereinto. 

0119) As described above, according to this second 
embodiment, it is possible to protect the wall surface of the 
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reactor vessel 9 from a rapid heat transit by a change of the 
operation mode of the reactor 1A, and to secure a structural 
safety of the reactor vessel 9, to make an operation of the 
reactor 1A for a long period while eliminating a probability 
of leaking the liquid metal. 
0120 Incidentally, in this second embodiment, various 
modifications may be made. For example, the outer partition 
wall 7 shown in FIG.9 to FIG. 11 may have a structure of 
removing the upper portion thereof from the vicinity of the 
bottom portion on the outlet of the steam generator 14, or 
may have a structure of forming no opening portion 29 of the 
outer partition wall 7. 
0121 According to the above structures of the modifica 
tions, in the normal operation of the reactor according to the 
modifications, the primary coolant moves downward by the 
operation of the electromagnetic pump 13, and then, flows 
downwardly through the inside of the neutron shield 8 so as 
to enter into the bottom portion of the reactor vessel 9. Next, 
the primary coolant moves upwardly while flowing through 
the core 2 and being heated therein, and after that, flows into 
the shell side of the steam generator 14 at the upper portion 
of the reactor vessel 9. 

0.122 Each primary coolant in the space between the 
intermediate shell 25 and the outer shell 24, the space 
between the outer shell 24 and the outer partition wall 7, and 
the space between the outer partition wall 7 and the reactor 
vessel 9, gets to be an equilibrium temperature state by heat 
balance of an heat input from the inside of the reactor vessel 
9 and a heat radiation to the air side via the reactor vessel 9 
and the guard vessel 10. Furthermore, the primary coolant 
existing in the space between the intermediate shell 25 of the 
steam generator 14 and the outer shell 24 thereof merely 
receives an influence by the temperature of the downcomer 
tubes 16a, that is, a temperature of the water supplied to the 
downcomer tubes 16a so that the wall surface of the reactor 
vessel 9 is maintained at a relatively low temperature, and 
therefore, it is possible to protect a wall surface of the reactor 
vessel 9 from a rapid heat transit by a change of the 
operating mode of the reactor. 
0123. On the other hand, in the operation of the reactor 
while removing decay heat, according to the modification, 
the primary coolant flows over from the upper end portion 
of the intermediate shell 25 due to a volume expansion of the 
liquid metal by the rise of its temperature so that the primary 
coolant flows into the annular space formed between the 
reactor vessel 9 and the outer partition wall 7 via the opening 
portion 27 formed in the outer shell 24. The primary coolant 
gets to have a high temperature by a decay heat of the core 
2, and then, flows into the annular space formed between the 
reactor vessel 9 and the outer shell 24, while making a heat 
exchange with the air moving upwardly through the annular 
space formed between the guard vessel 10 and the air duct 
28 surrounding the outer periphery thereof via the wall 
surface of the reactor vessel 9 and the wall surface of the 
guard vessel 10. 
0.124. After passing through the coolant passage 5 at the 
bottom portion of the steam generator 14, the primary 
coolant is moved upwardly along an elongated portion of the 
coolant passage 5 formed as the space between the inner 
peripheral portion of the inner shell 23 of the steam gen 
erator 14 and the outer peripheral portion of the outer shell 
of the electromagnetic pump 13. Then, the primary coolant 
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is Sucked from the upper end portion of the electromagnetic 
pump 13 via the primary coolant passage 5 formed at the 
upper portion of the electromagnetic pump 13 So as to flow 
through the electromagnetic pump 13, thus to be guided 
downwardly. Furthermore, the primary coolant passing 
through the neutron shield 8 to flow into the bottom portion 
of the reactor vessel 9, which has a low temperature, is 
Sucked by a natural circulating force based on heat genera 
tion in the core 2 to flow thereinto. 

0125. As described above, according to the modifications 
of the second embodiment, it is possible to reasonably 
protect the wall surface of the reactor vessel 9 from a rapid 
heat transit by a change of the operation mode of the reactor, 
and to secure a structural safety of the reactor vessel 9, to 
make an operation of the reactor for a long period while 
eliminating a probability of leaking the liquid metal. 

Third Embodiment (FIGS. 15A, 15B and FIG. 16) 
0126 FIGS. 15A, 15B and FIG.16 show a third embodi 
ment of the present invention. These FIGS. 15A, 15B and 
FIG. 16 are correspondent to FIG. 3 and FIG. 4 as 
described before, respectively, and show a liquid surface 
state and a flow of primary coolant in an operation of reactor. 
In FIG. 15A and FIG. 16, arrows “a” show flowing direc 
tions of the primary coolant. A liquid metal cooled nuclear 
reactor 1B of this third embodiment basically has the same 
structure as that of the above first embodiment, and there 
fore, overlapping explanation is omitted with reference to 
FIG. 1 and FIG. 2. 

0127. The liquid metal cooled nuclear reactor 1B of this 
third embodiment differs from the above first embodiment in 
that the steam generator 14 is provided with an opening 
portion 44 of the inner shell 23 of the steam generator 14, 
which communicates with a cover gas space 45 of the 
reactor vessel 9, and is located at the upper portion from the 
liquid surface of the reactor vessel 9. Moreover, in this third 
embodiment, each of the heating tubes 16 of the steam 
generator 14 has a double pipe structure provided with an 
inner tube 16S and an outer tube 16T surrounding an outer 
periphery of the inner tube 16S, as shown in FIG. 15B. 
0128. In addition, the reactor 1B comprises a continuous 
leakage monitoring unit 46 that detects a leakage in both 
outer and inner tubes 16T and 16S. If a large-scale water 
leakage occurs in a liquid metal by simultaneous breakdown 
of the double tubes, a water vapor or bubble of the reaction 
product caused by contacting the liquid metal with the water 
is transferred to the Surroundings from the leakage portion. 
In this case, in the heat exchange portion, a gas transferred 
upwardly from the leakage portion flows to a cover gas 
space of the steam generator 14. On the other hand, a gas 
transferred downwardly from there flows through each liq 
uid surface of the space between the intermediate shell 25 
and the outer shell 24 and the space between the outer shell 
24 and the reactor vessel 9 to the cover gas space of the 
steam generator 14. 

0129. At that time, the opening portion 44 of the inner 
shell 23 operates so that the cover gas space 45 of the reactor 
vessel 9 communicates with the cover gas space of the steam 
generator 14. Therefore, the water vapor or bubble of the 
reaction product by the large-scale water leakage generated 
in the liquid metal is all guided to the cover gas space 45 of 
the reactor vessel 9 through the opening portion 44. 
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0.130. In this third embodiment, even if a large-scale 
water leakage occurs in the heating tube 16 of the steam 
generator 14, it is possible to maintain a safety of the reactor 
1B without mixing the bubble into the core 2. 
0131 Incidentally, in the third embodiment, partial modi 
fication may be made. For example, as shown in FIG. 16, 
the lower end portion 23b of the inner shell 23 of the steam 
generator 14 in the reactor 1C may be arranged at a position 
lower than the lower end portion 24a of the outer shell 24 
thereof and the lower end portion 25a of the intermediate 
shell 25 in the primary coolant outlet portion of the steam 
generator 14. 

0.132. According to the above construction of the modi 
fication, if a large-scale water leakage occurs, because the 
lower end portion 23b of the steam generator inner shell 23 
in the primary coolant outlet portion of the steam generator 
14 is arranged at the position lower than the lower end 
portion 25a of the intermediate shell 25 and the lower end 
portion 24a of the outer shell 24, a gas transferred down 
wardly of water vapor or reaction product generated by the 
leakage selectively flows to the upper cover gas space of the 
steam generator 14 via each liquid Surface of the space 
between the intermediate shell 25 and the outer shell 24 and 
the space between the outer shell 24 and the reactor vessel 
9. 

0.133 Moreover, the opening portion 44 of the steam 
generator 23 operates so that the cover has space 45 of the 
reactor vessel 9 communicates with the cover gas space of 
the steam generator 14, whereby the water vapor or bubble 
of the reaction product by the large-scale water leakage 
generated in the liquid metal is all guided to the cover gas 
space 45 of the reactor vessel 9. 

0.134. In this modification of the third embodiment, even 
if a large-scale water leakage occurs in the heating tube 16 
of the steam generator 14, it is possible to maintain a safety 
of the reactor 1C without mixing bubble into the core 2. 

0.135 Furthermore, in this third embodiment, another 
modification with a construction may be made. More spe 
cifically, as shown in FIG. 17, the reactor 1D comprises a 
detecting unit 47 that detects a peculiar change in flow rate 
generated due to a pressure rise of the shell side of the steam 
generator 14 by using a change in a current of the electro 
magnetic pump 13. In addition, the reactor comprises an 
operation control unit 48 that performs a control for stopping 
the operation of the electromagnetic pump 13 by a detected 
signal outputted from the detecting unit 47. In addition, the 
lower end portion 23b of the steam generator inner shell 23 
is arranged at a position lower than the lower end portion 
24a of the outer shell 24 and the lower end portion 25a of 
the intermediate shell 25. 

0.136. According to the above construction of the reactor 
1D in the another modification, the following operation is 
carried out. That is, if a water vapor or reaction product gas 
is generated in the steam generator 14 by a large-scale water 
leakage, the pressure rise brings about a change in a flow rate 
of the primary coolant in the steam generator 14. The change 
in the flow rate of the primary coolant in the electromagnetic 
pump 13 is detected by the detecting unit 47 via the outlet 
portion of the steam generator 14 and the coolant passage 5. 
and then, the electromagnetic pump 13 stopped by the 
control of the operation unit 47 and, after that, the electro 
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magnetic pump 13 is again operated. In this case, a gas 
transferred downwardly in the steam generator 14 is trans 
ferred selectively to the upward cover gas space thereof via 
each liquid surface of the space between the intermediate 
shell 25 and the outer shell 24 and the space between the 
outer shell 24 and the reactor vessel 9. 

0137 Because the lower end portion 23b of the steam 
generator inner shell 23 is arranged at the position lower 
than the lower end portion 25a of the intermediate shell 25 
and the lower end portion 24a of the outer shell 24. 
0138 Moreover, the opening portion 44 of the steam 
generator 23 operates so that the reactor vessel 9 commu 
nicates with the cover gas space 45 of the steam generator 
14. Therefore, the water vapor or bubble of the reaction 
product by the large-scale water leakage generated in the 
liquid metal is all guided to the cover gas space 45 of the 
reactor vessel 9 so that, even if a large-scale water leakage 
occurs in the heating tube 16 of the steam generator 14, it is 
possible to maintain a safety of the reactor 1D without 
mixing a bubble into the core 2. 
0139 Moreover, another construction of a further modi 
fication according to the third embodiment may be made 
according to the present invention. 
0140 For example, the outer tube 16T is arranged at a 
gap to the outer periphery of the inner tube 16S so that an 
inert gas Such as helium or the like is sealed in the gap. 
Furthermore, in order to detect a leakage in both inner and 
outer tubes 16S and 16T, a continuous leakage monitoring 
unit Such as a helium pressure gage, a moisture content 
concentration monitor or the like, is provided for the reactor 
according to the modification. 
0141 According to the above construction of the reactor 
in the further modification, the heating tube 16 has a double 
tube structure, and the continuous leakage monitoring unit 
detects a leakage in both inner and outer tubes 16S and 16T 
by the inert gas such as helium or the like sealed in the gap 
between the inner and outer tubes 16S and 16T so that it is 
possible to securely prevent a contact of the water in the 
tubes 16S and 16T with the liquid metal of the shell side of 
the Steam generator 14. Accordingly, with the above con 
struction, because of preventing the water from contacting 
the liquid metal, it is possible to make a stable operation of 
the reactor for a long period. 
Fourth Embodiment (FIG. 18) 
0142 FIG. 18 illustrates a liquid metal cooled nuclear 
power plant according to a fourth embodiment of the present 
invention. 

0143 According to the fourth embodiment, a liquid metal 
cooled nuclear reactor 1E basically has the same structure as 
that described in the one of the above embodiments, and 
therefore, only different points will be described below. 
0144. In the liquid metal cooled nuclear reactor 1E of this 
fourth embodiment, the heat transfer tube 16 of the steam 
generator 14 shown in FIG.3 has a double tube structure, as 
shown in FIG. 15B, and each of the heat transfer tubes 16 
is arranged to be formed into a Substantially helical shape in 
the heat exchange portion, in contrast with the above first 
embodiment. Moreover, an inert gas Such as helium or the 
like is sealed in the space between the inner and outer tubes, 
and the reactor 1E is provided with a continuous leakage 
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monitoring unit, such as a helium pressure gage, a moisture 
content concentration monitor, in order to detect a leakage in 
both inner and outer tubes, similarly to the further modifi 
cation of the third embodiment. 

0145 As shown in FIG. 18, the heat transfer tube 16 of 
the steam generator 14 is divided into a plurality of heating 
tube groups, and each heating tube group is connected so as 
to correspond to feed water and steam branch pipes. A feed 
water branch pipe 30 and a steam branch pipe 31 penetrate 
through a reactor container facility 32 independently from 
each other, and are connected with a feed water pipe 33 and 
a main steam pipe 34 outside the reactor container facility 
32, respectively. 

0146 Moreover, in the liquid metal cooled nuclear reac 
tor 1E of this fourth embodiment, a steam separator 35 is 
provided via a main steam bypass pipe 37 branching from 
the steam branch pipe 31. The steam separator 35 is provided 
with an air condenser 36 via a steam auxiliary facility pipe 
38. In addition, an auxiliary feed water pipe 39 and an 
auxiliary feed water pump 40 are provided as a return line 
to the feed-water side of the steam separator 35. 
0147 According to the above construction of the fourth 
embodiment, in a normal operation of the reactor 1E, water 
flows into the feed water branching pipe 30 branching and 
separating from the feed water pipe 33. Then, the water 
flows into each of the heat transfer tubes 16 of the steam 
generator 14 in the reactor container facility 32, and there 
after, is heated in the heat exchange portion of each of the 
heat transfer tubes 16 so as to generate a steam. The steam 
generated in each of the heat transfer tubes 16 flows into the 
steam branching pipe 31 together with a steam of the 
identical heat transfer tube group, and passes through the 
reactor container facility 32. Thereafter, the steam joins with 
a steam from the Steam branching pipe 31 of another group 
in the main steam pipe 34, and then, reaches a turbine 41. 
0.148. In the operation while removing decay heat after 
stopping the reactor 1E of the fourth embodiment, a steam 
heated by a decay heat of the reactor 1E flows into the steam 
branching pipe 31, and passes through the reactor container 
facility 32. Thereafter, the steam joins with a steam from the 
steam branching pipe 31 of another group in the main steam 
pipe 34, and then, reaches a condenser 42 by controlling a 
valve via a turbine bypass pipe 43. Further, when the steam 
decreases, the main steam pipe 34 and the turbine bypass 
pipe 43 are both isolated, and then, the heat of the steam is 
removed by the air condenser 36 via the steam separator 35 
and the steam auxiliary facility pipe 38. In this case, the 
water condensed by the air condenser 36 passes through the 
steam separator 35, and then, is driven by the auxiliary feed 
water pump 40 so as to flow into the feed water branching 
pipe 30 via the auxiliary feed water pipe 39 and return to a 
feed-water side of the steam generator 14. In this manner, 
according to this fourth embodiment, it is possible to 
improve a reliability of the decay heat removal operation 
after a shutdown of the reactor 1E. 

0.149 Therefore, in the nuclear power plant of this fourth 
embodiment, the heating tube 16 of the steam generator 14 
has a double tube structure, and the continuous leakage 
monitoring unit detects a leakage in both inner and outer 
tubes of each of the heat transfer tubes. Furthermore, the 
heating tubes 16 of the steam generator 14 are divided into 
a plurality of heating tube groups, and the auxiliary cooling 
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air condenser 42 is arranged so as to be independently and 
correspondingly connected to these heating groups. There 
fore, it is possible to securely prevent a contact of the liquid 
metal with the water, thus making a stable operation of the 
reactor 1E for a long period. 

0150. In addition, even if a failure occurs in one heating 
tube group or the like, the operation of removing the decay 
heat of the reactor 1E after a shutdown thereof can be made 
by other heating tube having no failure and the auxiliary 
cooling air condenser 42. 
0151. As a result, even in the case where the decay heat 
removal operation after a shutdown of the reactor 1E is not 
made by the auxiliary cooling air condenser 42, a decay heat 
can be removed by an operation using a heat radiation via 
the wall surface of the reactor vessel 9 and a natural 
circulating force of the primary coolant. Therefore, it is 
possible to secure a structural safety, and to make an 
operation of the reactor 1E for a long period, and further, to 
reduce a possibility of leakage of the liquid metal. 

0152 Moreover, in this fourth embodiment, the heating 
tube 16 of the steam generator 14 has a double tube 
structure, and each heating tube 16 is formed into a helical 
shape in the heat exchange portion. Therefore, it is possible 
to arbitrarily set a dimension of the innermost layer heating 
tube array, and to readily provide a structure in which the 
electromagnetic pump 13 is housed inside the steam gen 
erator 14. In addition, each heating tube 16 has a double tube 
structure; therefore, it is possible to reduce a chance of 
contacting the water in the pipe with the liquid metal on the 
shell side of the steam generator 14. 
0153. Accordingly, in the liquid metal cooled nuclear 
reactor of this fourth embodiment and the nuclear power 
plant using the same reactor 1E, it is possible to miniaturize 
the reactor in its shape, in particular, in its longitudinal 
direction (axial direction). Further, it is possible to securely 
prevent a contact of liquid metal with water, and thus to 
make a stable operation of the reactor for a long period. 

0154) Incidentally, in this fourth embodiment, another 
modifications may be made. More specifically, the heating 
tube 16 of the steam generator 14 has a single tube structure, 
and each heating tube 16 is formed into a helical shape in the 
heat exchange portion. Further, the primary coolant is a 
liquid metal made of a heavy metal Such as lead, lead 
bismuth or the like. Furthermore, the heating tube 16 of the 
steam generator 14 is divided into a plurality of heating tube 
groups, and each heating tube group is connected so as to 
correspond to feed water and steam branching pipes. The 
feed water branch pipe 30 and the steam branch pipe 31 
penetrate through a reactor container facility 32 indepen 
dently from each other, and are connected with the feed 
water pipe 33 and the mainsteam pipe 34 outside the reactor 
container facility 32, respectively. 

0155 According to the above construction, although the 
heating tube 16 of the Steam generator 14 has a single tube 
structure, even if a large-scale water leakage by the break 
down of heating tube occurs in a liquid metal and a heavy 
metal such as lead, lead bismuth or the like contacts with 
water, there is no of generation of reaction product, and a 
steam bubble is transferred from the leakage portion to the 
Surroundings. In this case, a specific gravity of heavy metal 
is about ten times as much as water, therefore, most of gas 
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is transferred upwardly from the leakage portion, and then, 
is transferred to the cover gas space of the steam generator 
14. If the gas is transferred downwardly, the gas is trans 
ferred to the upward cover gas space via the liquid Surface 
of the space between the intermediate shell 25 and the outer 
shell 24 and the space between the outer shell 24 and the 
reactor vessel 9. In this case, the opening portion 44 of the 
inner shell 23 of the steam generator 14 operates so that the 
cover gas space 45 of the reactor vessel 9 communicates 
with the cover gas space of the steam generator 14. There 
fore, a water vapor or bubble of reaction product by a 
large-scale water leakage generated in the liquid metal is all 
guided to the cover gas space 45 of the reactor vessel 9, 
whereby, even if a large-scale water leakage occurs in the 
heating tube of the steam generator, it is possible to maintain 
a safety of the reactor without mixing the bubble into the 
core 2. 

Fifth Embodiment (FIG. 19 to FIG. 21) 
0156 With reference to FIG. 19A, FIG. 19B, FIG. 20 
and FIG. 21, a liquid metal cooled reactor according to the 
fifth embodiment of the present invention is a fast reactor 1F 
corresponding to the liquid metal cooled reactor 1 according 
to the first embodiment, and the fast reactor 1F has substan 
tially the same structure of the reactor 1 except for the core 
2A. 

0157 Therefore, only the structure and operation of the 
reactor core 2A are described hereinafter, and other elements 
of the fast reactor 1F are assigned to the same numerals of 
the reactor 1 so that the descriptions of the elements and the 
operations thereof are omitted. 
0158) As shown in FIG. 19A and 19A, the core 2A is 
composed of nuclear fuel assemblies 116 which are arranged 
to be formed into a Substantially cylindrical shape and a 
reactivity control assembly 119 arranged at a center portion 
of the fuel assemblies 116 and adapted to control the 
reactivity of the core 2A. 

0159. In this fifth embodiment, as shown in FIG. 19, each 
of the fuel assemblies 116 has a hexagonal shape in its lateral 
cross section and the core 2A has a diameter with approxi 
mately 80 cm and an effective length thereof with approxi 
mately 200 cm. 

0.160 The neutron reflector 4 outside the core 2A is 
composed of a structural member Such as stainless steel 
(SUS) or graphite including a cover gas space, and has a 
longitudinal length of approximately 200 cm and a thickness 
of about 15 cm. 

0.161 Incidentally, these measurements of the core 2A are 
one example of the core 2A. 
0162 The partition wall 6 is arranged outside the neutron 
reflector 4, and the neutron shield 21 is arranged outside the 
partition wall 6, and further, the reactor vessel 9 is arranged 
outside the neutron shield 21, as described in the first 
embodiment of the present invention. 
0.163 The reactivity control assembly 119 is mounted at 
the center portion of the core 2A (the fuel assemblies 116). 
0164. The reactivity control assembly 119 contains a 
mixture made by mixing neutron moderator, for example, 
Zirconium hydride and neutron absorber, for example gado 
linium. 
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0165. The reactivity control assembly 119 comprises, as 
shown in FIG. 20, a wrapper tube 120 with a hexagonal 
shape in its lateral cross section, and a plurality of neutron 
absorber rods 123, for example, seven neutron absorber rods 
123 assembled to be contained therein. Each of the neutron 
absorber rods 123 has a cladding tube 121 and a mixture 122 
which is produced by mixing a neutron moderator and a 
neutron absorber and is filled therein. 

0166 The volume percent ratio of the neutron moderator 
and the neutron absorber in the mixture 122 is X to Y. 
wherein the X percent is bigger than the Y percent. 
0167 The cladding tube 121 is made of a structural 
material Such as a stainless steel or the like, and the mixture 
122 of the neutron moderator and the neutron absorber is a 
mixture of Zirconium hydride and gadolinium. As the gado 
linium, Gd-157, Gd-155 or other similar material are able to 
be used. 

0168 The reactivity control assembly 119, in addition to 
the functions for absorbing and moderating neutrons irradi 
ated from the fuel assemblies 116, is served as a shutdown 
rod for a shutdown of the core 2A, and however, the 
reactivity control assembly 119 is not drawn out from the 
core 2A in the operation thereof, which is different from a 
shutdown rod of the conventional core. 

0169. Next, the following is a description on an operation 
of the fifth embodiment. 

0170 FIG. 21 shows various reactivity changes in the 
operating period (the burn-up period) of the core 2A with 
respect to the final state thereof shown in FIG. 19. In FIG. 
21, there are shown a combustion reactivity change “a” of 
the fuel assembly 116, a value change “b” of the neutron 
reflector 4, and a reactivity change 'c' of the reactivity 
control assembly 119. 
0171 According to FIG. 21, the fuel assembly 116 
burned for 30 years has a great excess reactivity change; for 
this reason, the value change of the neutron reflector 4 can 
not cancel the excess reactivity of the initial fuel (fuel 
assembly 116). 
0172 Therefore, in the case of a core having the burn-up 
reactivity as shown in FIG. 21 and a long lifetime of 30 
years, neutron doubling is too great in the initial core even 
if the reactivity of the core is controlled by only the neutron 
reflector 4 so that no operation of the reactor 1F is per 
formed. 

0173 That is, the initial structure of the core greatly 
exceeds a criticality. 

0.174. On the contrary, in the fifth embodiment, the reac 
tivity control assembly 119 having a function for absorbing 
a neutron, for example, gadolinium is contained into the core 
2A so that the excessive neutrons irradiated from the core 2A 
are absorbed in the gadolinium in the reactivity control 
assembly 119, whereby the initial excess reactivity of the 
fuel assembly 116 is cancelled, as shown in FIG. 20. 
0175. In addition, the gadolinium in the reactivity control 
assembly 119 is burned to be reduced so that a burn-up 
reactivity of the fuel is reduced while a reactivity of the 
reactivity control assembly 119 itself is reduced. Therefore, 
it is possible to perform a control of burn-up of the core 2A 
for a long lifetime by a combination of the reactivity change 
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of the neutron reflector 4 by the control of the neutron 
reflector 4 and the reactivity change of the reactivity control 
assembly 119. 

0176 That is, the core 2A of the reactor 1F operates so 
that the excess reactivity of the fuel (fuel assembly 116) 
Substantially equals to the sum of the negative reactivity by 
the neutron reflector 4 and that by the reactivity control 
assembly 119, whereby the excess reactivity is cancelled by 
the sum of the negative reactivity by the neutron reflector 4 
and the reactivity control assembly 119 so as to keep critical 
the state of the core 2A 

0177. Furthermore, in this embodiment, the reactivity 
control assembly 119 in the core 2A of the fast reactor 1F 
comprises Zirconium hydride used as the neutron moderator 
mixed with the gadolinium used as the neutron absorber So 
that it is possible to effectively moderate and absorb the 
neutrons in the core 2A. 

0.178 Especially, in this embodiment, it is possible to use 
the reactivity control assembly 119 to the fast reactor in 
which neutrons in the core 2A have high energy of 1.00 
E+05 (eV), whereas, conventionally, it is hard to use the 
reactivity control assembly to the fast reactor. 
0.179 That is, FIG. 22 is a view illustrating a neutron 
absorption cross section of Gd-157, and that of Gd-158. 
0180 According to FIG. 22, a light water reactor oper 
ates in a thermal region wherein the neutrons in the core are 
thermal neutrons having the energy of for example, 1.00 
E-02 (eV). Therefore, when the gadolinium of Gd-157 
absorbs the neutrons in the core so as to get to be the 
gadolinium of Gd-158, because the absorption of the 
Gd-158 is strongly smaller than that of the Gd-157, the 
Gd-158 is burned so that it is unnecessary to draw the 
Gd-158. 

0181. However, a fast reactor operates wherein the neu 
trons in the core are high spectrum neutrons having the 
energy of, for example, 1.00 E+05 (eV). Therefore, in a case 
of containing the gadolinium of Gd-157 in the core of the 
fast reactor, when the gadolinium of Gd-157 absorbs the 
neutrons in the core so as to get to be the gadolinium of 
Gd-158, because the absorption of the Gd-158 is substan 
tially as well as that of the Gd-157, the Gd-158 is hardly 
burned so that it must be necessary to draw the Gd-158, 
whereby, conventionally, it may be hard to use the gado 
linium of Gd-157 to the fast reactor. 

0182. However, in this fifth embodiment of the present 
invention, because the core 2A containing the reactivity 
control assembly 119 including, in addition to the gado 
linium, the neutron moderator, it is able to moderate the 
neutrons in the core 2A So as to correspond to those in a 
water reactor, making it possible to use the reactivity control 
assembly 119 to the fast reactor 1F. 
Sixth Embodiment (FIG. 23) 
0183) Next, with reference to FIG. 23, a fast reactor 1G 
according to a sixth embodiment of the present invention 
will be described below. 

0.184 FIG. 23 shows principal parts of the fast reactor 1G 
in this sixth embodiment, and corresponds to FIG. 19A. In 
FIG. 23, for simplification of explanation, like reference 
numerals are used to designate the same parts as FIG. 19A. 
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The fast reactor 1G of the sixth embodiment is different from 
the fast reactor 1F of the above fifth embodiment in that a 
neutron absorber 124 with a neutron moderator is provided 
above the neutron reflector 4. The neutron absorber 124 with 
the neutron moderator includes a material produced by 
mixing a neutron moderator and a neutron absorber. 
0185. Conventionally, the upper portion of the neutron 
reflector 4 is formed into a cavity in order to improve its 
value. In this sixth embodiment, the neutron absorber 124 
with the neutron moderator is mounted into the cavity. 
0186 According to the structure, in addition to the effect 
of the fifth embodiment, because the neutrons irradiated 
from the core 2A is moderated to be absorbed in the neutron 
absorber 124, it is possible to give a neutron shielding 
function to the reactor 1G, and to simplify the upper 
structure of the reactor 1G. 

Seventh Embodiment 

0187 Next, a fast reactor according to a seventh embodi 
ment of the present invention will be described below. 
0188 According to this seventh embodiment, the reac 
tivity control assembly has the structure in that the distri 
bution of the neutron moderator in the diametrical direction 
of the cladding tube 121 is gradually dense toward an inside 
of the cladding tube 121. 

0189 The fast reactor of the seventh embodiment has 
almost the same effects as the fifth embodiment. Besides, 
according to the fast reactor of this seventh embodiment, it 
is possible to prevent a reduction of the initial neutron 
absorption effect, and to provide a linear reduction of the 
reactivity. Therefore, according to this seventh embodiment, 
the reactivity is linear, and the excess reactivity change by 
the burn-up is linear in appearance. Therefore, it is possible 
to linearly carry out the burn-up control by the operation of 
the neutron reflector 4, and thus, to carry out the operation 
of the neutron reflector 4 at an approximately constant 
speed, thereby readily performing the burn-up control. 

Eighth Embodiment 

0190. Next, a fast reactor according to an eighth embodi 
ment of the present invention will be described below. 
0191). According to this eighth embodiment, the mixture 
122 in the cladding tube 121 of the reactivity control 
assembly 119 is formed so that the neutron moderator and 
the neutron absorber are mixed to be filed in the cladding 
tube 121, and, in this embodiment, as the neutron moderator, 
graphite is used. The eighth embodiment has almost the 
same effects as the fifth embodiment. Besides, because of 
using the graphite as the neutron moderator, it is possible to 
improve the safety of the fast reactor under the condition of 
high temperature, to increase the flexibility of designing the 
fast reactor and to correspond to the fast reactor wherein a 
coolant outlet temperature thereof is made high. 
Ninth Embodiment 

0192 Next, a fast reactor according to a ninth embodi 
ment of the present invention will be described below. 

0193 In this ninth embodiment, as shown in FIG. 20 in 
the fifth embodiment, the neutron absorber rod 123 is 
produced by mounting, as the mixture 122, the neutron 
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moderator and the neutron absorber into the cladding tube 
121 by a vibration compaction process. 
0194 More specifically, in the case of mixing zirconium 
hydride and gadolinium as the mixture 122 of the neutron 
moderator and the neutron absorber, both zirconium hydride 
and gadolinium are weighted by a predetermined amount, 
and thereafter, are molded like granules. These granules are 
gradually put from a top opening portion of the cladding 
tube 121 whose bottom end is sealed, to be filled therein, 
while vibration is applied to the cladding tube 121 by a 
vibrator. After vibration filling, an upper plug is attached 
onto the top opening portion of the cladding tube 121 to be 
sealed thereto, and thus, the neutron absorber rod 123 is 
completed. In this case, the cladding tube 121 is attached on 
a vibration base of the vibrator, and then, a predetermined 
vibration is applied the cladding tube 121 thereby. 
0.195 According to this eighth embodiment, it is possible 
to simplify a process for forming the neutron absorber rod 
123 containing the neutron moderator, and to carry out a 
remote control in forming of the neutron absorber rod 123. 
Furthermore, even in the case where the neutron moderator 
or the neutron absorber is a dangerous material Such as a 
radioactive material, the neutron absorber rod 123 can be 
readily formed. 
Tenth Embodiment 

0196) Next, a fast reactor according to a tenth embodi 
ment of the present invention will be described below. 
0197). In this tenth embodiment, the cladding tube 121 or 
the wrapper tube 120 shown in FIG. 20 in the fifth embodi 
ment is provided at its inner Surface with an inside coat for 
preventing hydrogen from being transmitted, for example, a 
chromium coating layer. The chromium coating layer con 
tacts with the mixture 122 of the neutron moderator and the 
neutron absorber, for example, the mixture of Zirconium 
hydride and gadolinium. 
0198 According to this tenth embodiment, the reactivity 
control assembly 119 is provided at its inner surface with the 
inside coat for preventing hydrogen from being transmitted, 
and then, the reactivity control assembly 119 is mounted into 
the center portion of the core 2A as shown in FIG. 19A and 
FIG. 19B. According to the structure, it is possible to 
prevent hydrogen generated by the burn-up in the core 2A 
from leaking outside the reactivity control assembly 119. 
Other effects are the same as the above fifth embodiment. 

Eleventh Embodiment 

0199 Next, a fast reactor according to an eleventh 
embodiment of the present invention will be described 
below. 

0200. In this eleventh embodiment, in order to improve a 
neutron absorptive power of the reactivity control assembly 
119, the neutron absorber rod 123 is formed with the mixture 
122 made by mixing a fission product (FP) as a neutron 
absorber and a Zirconium hydride as a neutron moderator, 
and the neutron absorber rod 123 is mounted in the core 2A. 

0201 According to this eleventh embodiment, the fission 
product (FP) is used as the neutron absorber, and thereby, it 
is possible to effectively use a radioactive material generated 
by another reactor, and thus, to contribute for a reduction of 
fission products. Other effects are the same as the fifth 
embodiment. 
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Twelfth Embodiment 

0202 Next, a fast reactor according to a twelfth embodi 
ment of the present invention will be described below. 
0203) In this twelfth embodiment, a mixture 122 of the 
neutron moderator and a thermal neutron absorber, for 
example, Zirconium hydride and gadolinium in the fifth 
embodiment, is filled in the fuel assembly 116 at the vicinity 
of the central portion of the core, and thereby improving a 
neutron absorptive power. 

0204 According to this twelfth embodiment, the fuel 
assembly 116 is provided with the mixture of the neutron 
moderator and a thermal neutron absorber, and thereby, there 
is no need of mounting the reactivity control assembly 119 
in the central portion of the core. Further, this serves to 
readily make a design of the neutron absorber rod mounted 
in the center of the core or a neutron absorptive channel. 
0205 Incidentally, in this embodiment, the mixture 122 is 
filled in the fuel assembly 116 in the vicinity of the central 
portion of the core. However, the present invention is not 
limited to the structure. That is, the neutron absorber may be 
filled in one of the fuel assemblies 116 in the vicinity of the 
central portion of the core, and the neutron moderator may 
be filled in another one of the fuel assembles 116 which is 
also in the vicinity of the central portion thereof. 
Thirteenth Embodiment 

0206 Next, a fast reactor according to a thirteenth 
embodiment of the present invention will be described 
below. 

0207. In this thirteenth embodiment, in each of the afore 
said fast reactors, a mixture of a neutron moderator and a 
neutron absorber, for example, Zirconium hydride and gado 
linium, is provided in a burnable poison assembly at the 
central portion of the core, and thereby, a void reactivity of 
the final burn-up is transferred to a positive side. The 
reflector control type of fast reactor of this embodiment has 
the same function as the fifth embodiment. 

0208. In general, in the fast reactor, with the burn-up of 
the core, a void reactivity rises to a positive side. This means 
that in the final burn-up, the positive reactivity is increased 
by spectral hardening in the case where void is generated. 

0209 However, as this embodiment, in the case of the 
fast reactor, which is provided with the neutron absorber rod 
with the neutron moderator, in the final burn-up, an absorp 
tive effect is reduced in a small neutron energy range. For 
this reason, in the final burn-up, the burn-up to fission is 
great in a low neutron energy range as compared with a 
general fast reactor. 

0210. As a result, in the final burn-up, no transfer to a 
positive reactivity is made with respect to spectral hardening 
by coolant void generation. Therefore, in the final burn-up, 
the void reactivity is hard to be transferred to the positive 
side, and therefore, it is possible to improve safety of the fast 
reactOr. 

Fourteenth Embodiment 

0211 Next, a fast reactor according to a fourteenth 
embodiment of the present invention will be described 
below. 
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0212. In this fourteenth embodiment, lead or lead-bis 
muth alloy is used in place of sodium used as the liquid 
metal coolant in the fifth embodiment. Other construction is 
the same as the fifth embodiment. 

0213. According to this fifteenth embodiment, a fast 
neutron is moderated so as to be absorbed in the neutron 
absorber, and thereby, it is possible to improve a neutron 
absorptive power, and to provide a fast reactor which has a 
high neutron breeding ratio, thereby elongating a lifetime of 
the core. 

Fifteenth Embodiment 

0214. In this embodiment, the volume percent ratios of 
the neutron moderator and the neutron absorber in the 
neutron absorber rod 123 in the reactivity control assembly 
119 mounted in the core 2A are not uniformed but different 
according to different positions in the axial direction of the 
core 2A. 

0215 That is, the volume percent ratio of a predeter 
mined portion of the mixture 122 in the neutron absorber rod 
123 of the reactivity control assembly 119, which has a 
height in the axial direction thereof corresponding to the 
height H1 of the core 2A, is X1 to Y1, wherein the X1 
percent is bigger than the Y1 percent, and the Volume 
percent ratio of another predetermined portion of the mix 
ture 122 in the neutron absorber rod 123 of the reactivity 
control assembly 119, which has a height in the axial 
direction thereof corresponding to the height H2 of the 
plenum is X2 to Y2, wherein the X2 percent is bigger than 
the Y2 percent, and the X1 percent and the Y1 percent are 
bigger than the X2 percent and the Y2 percent, respectively. 

0216) Incidentally, in the above embodiments, the pri 
mary coolant, such as the liquid metal is circulated by means 
of the electromagnetic pump, but the present invention is not 
limited to the structure. 

0217. That is, the electromagnetic pump is omitted in 
each reactor in each embodiment of the present invention, 
and the primary coolant is circulated by a natural circulating 
force generated by, for example, the heating of the core, the 
radiation from the reactor vessel and the like. 

0218. In this modification, it is further possible to reduce 
the cost of manufacturing the reactor, and because of no use 
of the electromagnetic pump, it is possible to improve the 
safety of each reactor in the present invention. 

0219. Furthermore, in the fifth embodiment to the fif 
teenth embodiment of the present invention, as a nuclear 
reactor, the liquid metal cooled type of fast reactor is 
applied, but the present invention is not limited to the 
Structure. 

0220) That is, in the fifth embodiment to the fifteenth 
embodiment, as a nuclear reactor, a light water reactor is 
able to be applied to the present invention, which has the 
described system for cooling the core, and furthermore, 
other nuclear reactors can be applied to the present inven 
tion. 

0221) While there has been described what is at present 
considered to be the preferred embodiments and modifica 
tions of the present invention, it will be understood that 
various modifications which are not described yet may be 
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made therein, and it is intended to cover in the appended 
claims all such modifications as fall within the true spirit and 
Scope of the invention. 
0222. The entire contents of Japanese Patent Applications 
H11-375240 filed on Dec. 28, 1999 and Japanese Patent 
Applications 2000-049031, filed on Feb. 25, 2000 are incor 
porated herein by reference. 
What is claimed is: 

1. A reactor core in a core barrel of a nuclear reactor, 
comprising: 

a plurality of fuel assemblies contained in the core barrel; 
and 

a mixture contained in the core barrel, 
said mixture being made of a neutron absorber that 

absorbs a neutron in the core and a neutron moderator 
that moderates a neutron therein so that a reactivity of 
the core is controlled. 

2. The reactor core according to claim 1, further com 
prising a reactivity control assembly arranged at a predeter 
mined portion in the fuel assemblies, 

said reactivity control assembly having a tube portion; 
and 

a neutron absorber rod assembly contained in the tube 
portion and having the mixture made of the neutron 
absorber and the neutron moderator. 

3. The reactor core according to claim 2, wherein said 
neutron absorber rod assembly has a plurality of neutron 
absorber rods each having a cladding tube and the mixture 
filled therein, said mixture being made of the neutron 
absorber and the neutron moderator, and wherein said 
absorber rod assembly is arranged at the center portion of the 
fuel assemblies. 

4. The reactor core according to claim 1, further com 
prising a reflector Surrounding an outer periphery of the core 
barrel and formed at its upper portion with a cavity; and a 
mixture filled in the cavity of the reflector, said mixture 
being made of a neutron absorber that absorbs a neutron and 
a neutron moderator that moderates a neutron. 

5. The reactor core according to claim 1, wherein said 
mixture is made by mixing gadolinium as the neutron 
absorber and Zirconium hydride as the neutron moderator. 

6. The reactor core according to claim 2, wherein said 
neutron moderator has a distribution in a diametrical direc 
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tion of the tube portion, said distribution being gradually 
dense toward an inside of the tube portion. 

7. The reactor core according to claim 1, wherein said 
mixture is made by mixing gadolinium as the neutron 
absorber and graphite as the neutron moderator. 

8. The reactor core according to claim 3, wherein said 
neutron absorber and the neutron moderator are molded to 
be granules, and said granules of the neutron moderator and 
neutron absorber are filled in the cladding tube by using a 
vibration compaction process. 

9. The reactor core according to claim 3, wherein at least 
one of said cladding tube and the tube portion is formed at 
its inner Surface with an inside cote for preventing hydrogen 
from being transmitted. 

10. The reactor core according to claim 3, wherein said 
neutron absorber of the mixture is formed with a fission 
product. 

11. The reactor core according to claim 13, wherein said 
neutron absorber and the neutron moderator are mixed 
according to a Volume percent ratio and wherein, assuming 
that the volume percent ratio of the neutron moderator and 
the neutron absorber is X to Y, said X percent is bigger than 
the Y percent. 

12. The reactor core according to claim 11, wherein said 
Volume percent ratios of the neutron moderator and the 
neutron absorber in the neutron absorber rod in the axial 
direction are different according to different positions in the 
axial direction of the core. 

13. A reactor core in a core barrel of a nuclear reactor, 
comprising: 

a plurality of fuel assemblies contained in the core barrel; 
a mixture contained in the core barrel, said mixture being 
made of gadolinium as a neutron absorber that absorbs 
a neutron in the core and Zirconium hydride as a 
neutron moderator that moderates a neutron therein so 
that a reactivity of the core is controlled; 

a reactivity control assembly arranged at a predetermined 
portion in the fuel assemblies, and having a tube 
portion; and 

a neutron absorber rod assembly contained in the tube 
portion and having a mixture made of the neutron 
absorber and the neutron moderator, said neutron 
absorber rod assembly being arranged at a central 
portion of the fuel assemblies. 
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