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(57) ABSTRACT 

A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant comprises forming a 
ferrite film by contacting a first chemical including iron (II) 
ions, a second chemical for oxidizing the iron (II) ions to 
iron (III) ions, and a third chemical for adjusting the pH of 
a processing solution containing a mixture of the first and 
second chemicals to be 5.5 to 9.0 with the metal member 
Surface in a time period from a finishing stage in decon 
tamination step of removing contaminants formed on the 
Surface of metal member composing the nuclear power 
plant, and Suppressing deposition of radionuclides on the 
metal member by the ferrite film. 

S2 

S3 

  

  

  

    

  

  



Patent Application Publication Mar. 30, 2006 Sheet 1 of 14 US 2006/0067455A1 

FIG. 1 

C 

TEMPORARY CONNECTION OFA 
TREATMENT APPARATUS OF THE 
NVENTION TO PPING TO BE 
FERRITE-FILM-FORMED 

PERFORMANCE OF CHEMICAL S2 
DECONTAMINATION 

S3 

S1 

TEMPERATURE ADJUSTMENT OF 
ENVIRONMENT TREATMENT 
SOLUTION (HEATING TO 60 - 
100C 

NJECTION OF RON (II) ION 
SOLUTION 

OXDZER INJECTION 

PHADJUSTMENT 

IS FERRITE FILM 
FORMATIONFINISHED 

WASTE DISPOSAL 

S9 

REPLENISHMENT OF CHEMICALS 

S8 

  

  

  

  



Patent Application Publication Mar. 30, 2006 Sheet 2 of 14 US 2006/0067455A1 

FIG. 2 

O 200 400 600 800 1,000 

SOAKING TIME / H 

FIG. 3 
  



US 2006/0067455A1 

4 FIG 

Patent Application Publication Mar. 30, 2006 Sheet 3 of 14 

FERRITE FILM FORMATION APPARATUS 

  

  

  

  



Patent Application Publication Mar. 30, 2006 Sheet 4 of 14 US 2006/0067455 A1 

49 
N-N ill, 4 

GE) GE 31 
34 45 38 33 
/ Ny. Ny. 3. 32 

TO 22 SK D AY To 22 -u-37 <-3 
/X X X 65 46 40 \ 
() Giy G).36 X 

48 \ 

F : y 57/4 X 50? \43 \42 MNN64 
53 55 56 V 

/ T\ G). Y66 
G-67 



Patent Application Publication Mar. 30, 2006 Sheet 5 of 14 US 2006/0067455A1 

FIG. 7 
Ehy) Fe - H2O - System at 25°C,60°C and 100°C 

4.0 5.0 6.0 7.0 8.0 9.0 10.0 

  



Patent Application Publication Mar. 30, 2006 Sheet 6 of 14 US 2006/0067455A1 

FIG. 9 

C 
/X V7 V7 7 c.10 65 

46-1 4 T40 TV - 
-() (9 9- X 

39 7 RF7 

50? 43 Y42 57 X. 
53 55 56 VA 

/ T\ 66 
e Clk 9. FROM 22 - Dk DK FROM22 ?: - m 

51 .. o: \68 W-Dk 

  



Patent Application Publication Mar. 30, 2006 Sheet 7 of 14 US 2006/0067455A1 

FIG 11 

46-?: 40 r13 55 
4s- 9 G). X 

39 7 RF 
?A N/ l l R. Sri X. 

53 55 56 MM 
/ / TN 66 

Dk-G Dk 9. 

  



Patent Application Publication Mar. 30, 2006 Sheet 8 of 14 US 2006/0067455A1 

FIG. 12 

  

  



Patent Application Publication Mar. 30, 2006 Sheet 9 of 14 US 2006/0067455A1 

FIG. 13 
  



Patent Application Publication Mar. 30, 2006 Sheet 10 of 14 US 2006/0067455 A1 

FIG. 14 
  



Patent Application Publication Mar. 30, 2006 Sheet 11 of 14 US 2006/0067455A1 

FIG. 15 

5. 55 56 X 
M / SN66 

Rowa); e P< g 

  



Patent Application Publication Mar. 30, 2006 Sheet 12 of 14 US 2006/0067455 A1 

49 
N-N ill, 4 

GE) NG) 
31 

/ X 35 
TO 22 Dk / Dk-C 

V V7 V7 

46?A A 30 /Y Y 55 
G) () GS) X 

"T" if : Y 571 4 
50? 42 ()- 

89 

5 55 56 
m 



Patent Application Publication Mar. 30, 2006 Sheet 13 of 14 US 2006/0067455A1 

FIG. 17 

CHEMICAL DECONTAMINATION S11 

S12 UNDER 
FERRITE FILM FORMATION TREATMENT REGULAR 

INSPECTION 

S13 TERMINATION OF REGULAR INSPECTION 

STARTING OF TEMPERATURE UP S14 
OF REACTOR 

REACTORWATER TEMPERATURE 150 °C 

NOBLE METAL INUECTION 

KEEPING FOR 48 HOURS 

RESTARTING OF TEMPERATURE UP S17 
OF REACTOR 

RATED OPERATION S18 

  



Patent Application Publication Mar. 30, 2006 Sheet 14 of 14 US 2006/0067455 A1 

CHEMICAL DECONTAMINATION S21 

FERRITE FILM TREATMENT S22 
UNDER 
REGULAR 

-- s2 ( INSPECTION NOBLE METAL DEPOSTION TREATMENT 

COMPLETION OF REGULAR INSPECTION S24 

STARTING OF TEMPERATURE UP S25 
OF REACTOR 

S26 RATED OPERATION 



US 2006/0067455 A1 

SUPPRESSION METHOD OF RADIONUCLIDE 
DEPOSITION ON REACTOR COMPONENT OF 
NUCLEAR POWER PLANT AND FERRITE FILM 

FORMATION APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method of Sup 
pressing deposition of radionuclides on components of a 
power plant such as a nuclear power plant, and a ferrite film 
formation apparatus for performing the radionuclide depo 
sition Suppression method. 
0003 2. Background Arts 
0004 For example, in a nuclear power plant of boiling 
water type reactor (hereunder abbreviated as BWR), the heat 
generated by fuel is effectively transferred to cooling water 
by forcibly circulating the cooling water by a primary loop 
recirculation pump and internal pumps inside the nuclear 
reactor comprising a reactor pressure vessel and control rods 
contained therein. Most of the steam generated from the 
cooling water in this way is used for driving a steam turbine 
generator, the steam exhausted from the steam turbine is 
condensed in a condenser, and the condensate condensed in 
the condenser is almost fully deaerated and Supplied again as 
cooling water of the nuclear reactor. In this case, in the 
condenser, oxygen and hydrogen generated by decomposi 
tion of water by radiation are also almost completely 
removed. Further, the condensate to be returned to the 
nuclear reactor is Supplied to the nuclear reactor after 
removing mainly metal impurities by an ion-exchange resin 
filter and being heated to nearly 200°C., in order to suppress 
occurrence of activated corrosive products in the nuclear 
reactOr. 

0005 Further, since the activated corrosive products are 
generated inside the rector pressure vessel and at water 
contact portions of a recirculation system, stainless steel 
Such as nickel-base metal which is less in corrosion is used 
for components of the main primary system. Further, for a 
reactor pressure vessel made of low alloy steel, inside 
building up of stainless steel is performed, thereby to 
prevent the low alloy steel from contacting directly with the 
reactor water. In addition to taking into a consideration the 
above-mentioned matters, a part of the reactor water is 
purified by a reactor-water cleanup facility and metal impu 
rities produced slightly in the reactor water are positively 
removed. 

0006. However, even if the above-mentioned measures 
for corrosion prevention are taken, very slight metal impu 
rities exist inevitably in the reactor water, so that a part of the 
metal impurities deposits on the Surface of a fuel rod as 
metal oxide. Metal elements deposited on the surface of the 
fuel rod are irradiated by neutrons radiated from the fuel to 
cause nuclear reaction, whereby radionuclides Such as cobalt 
60, cobalt 58, chromium 51, manganese 54, etc are pro 
duced. Most of those radionuclides are, as they are, depos 
ited on the fuel rod surface in a state of oxide, however, a 
part of the radionuclides is solved out into the cooling water 
according to the solubility of oxides taken in and released 
again into the reactor water as insoluble solid called cruds. 
Radioactive substances in the reactor water are removed by 
a reactor-water purifying system, however, radioactive Sub 
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stances that can not be removed are accumulated on Surfaces 
of water-contact portions of the components while the 
Substances are recirculating in a recirculation system and so 
on together with the reactor water. As a result, radiations are 
radiated from the surface of the components, which becomes 
a cause of radiation exposure on person engaged with 
regular inspection during the inspection. A dose of radiation 
exposure under working is managed not to exceed a speci 
fied value for each person, however, recently the specified 
value is raised and there occurs the necessity that the 
exposure dose for each person is reduced as low as eco 
nomically possible. 

0007. Therefore, various methods such as a method of 
reducing deposition of radionuclides on piping, a method of 
reducing the concentration of radionuclides in the reactor 
water, etc. are studied. For example, there is proposed a 
method of injecting metal ions such as Zinc into the reactor 
water, forming a dense oxide film including Zinc on the 
water-contact surface of piping of a recirculation system and 
Suppressing to take radionuclides such as cobalt 60, cobalt 
58, etc. into the oxide film (Patent literature 1). Further, there 
is proposed a method of forming a pre-oxidation film under 
a certain condition on inner Surfaces of recirculation system 
piping and a reactor-water purifying system in which the 
reactor water flows during operation, before reaching to the 
condition that the radionuclides are solved out or released 
(Patent literature 2) 
0008 Patent literature 1: JP 58-79196 A 
0009 Patent literature 2: JP 62-95498. A 

DISCLOSURE OF THE INVENTION 

SUBJECT TO BE SOLVED BY THE 
INVENTION 

0010. The method of injecting metal ions such as zinc 
into the reactor water as described in Patent literature 1 has 
a problem that depleted zinc must be used to avoid zinc itself 
being radioactivated, in addition to the problem that injec 
tion of Zinc ions must be always continued during operation. 
0011 Further, since the method of forming an oxide film 
described in Patent literature 2 forms the oxide film in an 
operation-temperature range (250-300° C.) of BWR, for 
instance, it is found that there are following problems: 
Namely, according to the study of the inventors, it is found 
that in the case where material of components to be formed 
of oxide film is stainless steel, inner oxide film having much 
chromium component is formed first on the Surface of 
component, and an outer oxide film having less chromium 
component is formed on the inner oxide film Surface. 
Particularly, in the case of such a double layer structure 
oxide film, it has such a property that radioactive Co-60 and 
Co-58 are easily taken in the inner oxide film, and it is found 
that a Suppression effect of radioactive nuclide deposition is 
not so large. 
0012. It is an object of the present invention to effectively 
Suppress deposition of radionuclides on components of a 
nuclear power plant. 
Means for Solving the Above Subject 
0013 In order to solve the above subject or achieve the 
above object, various studies are conducted, as a result, the 
following is found. 
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0014 First, when an oxide film is formed in a high 
temperature atmosphere Such as a reactor water temperature 
range (for example 250-300 °C.) during service operation, 
the diffusion velocity of oxygen generated by radiolysis of 
water into metal parent material of a component that the 
oxide film is to be formed, and oxidation velocity of parent 
material is fast, so that the oxide film (inner layer) formed 
initially becomes much in chromium component contained 
in stainless steel. 

0.015 Secondly, a main component of the oxide film 
(outer layer) formed on the inner oxide film is iron because 
iron ions dissolved out from the parent material precipitate 
in high temperature water beyond the solubility. 

0016. Thirdly, when an oxide film is formed in a high 
temperature atmosphere such as in a temperature range 
during service operation, a film structure Such as crystal of 
the outer oxide film formed on the inner oxide film is not 
always densely formed. Therefore, radionuclides such as 
cobalt in the reactor water transmit the outer oxide film, and 
the radionuclides are taken in the inner oxide film in the 
form that they are replaced by ion components in the inner 
oxide film. 

0017. The experiments conducted by the inventors to get 
such knowledge are explained, referring to FIGS. 2 to 4. 
FIG. 2 shows an experimental result about stainless steel in 
which oxide film is not formed in advance, the experimental 
result being a deposit amount of Co-58 deposited on a 
sample, obtained with time passage, by soaking the sample 
in cooling water under the condition of service operation of 
BWR. In FIG. 2, the abscissa shows soaking time and the 
ordinate shows relative values of Co-58 deposit. As shown 
in FIG. 2, such a tendency is shown that Co-58 deposit 
increases with passage of soaking time and finally the 
deposit Saturates. This change in Co-58 deposition has a 
tendency similar to the tendency of oxide film growth. That 
is, a corrosion rate is fast at an initial time of soaking and a 
deposition rate of Co-58 also becomes fast because the film 
growth rate is fast. However, after passage of about 500 
hours, the CO-58 deposition rate becomes slow as the film 
growth rate becomes slow by diffusion resistance of an 
oxidizing agent in high temperature water due to the grown 
oxide film. 

0018 FIG. 3 shows an experimental result that a sample 
A that a pre-oxidation film is not formed on stainless Steel 
and a sample B that a pre-oxidation film is formed on 
stainless Steel are soaked in the cooling water under the 
condition of BWR service operation and relative values of 
deposit of Co-58 deposited on the samples A and B are 
compared. In those samples A and B, A1 and B1 each are an 
inner oxide film that chromium is a main component, and A2 
and B2 are each are an outer oxide film that iron is a main 
component. From this experimental result, it is found that 
radioactive cobalt is taken in the inner oxide film B of 
chromium of a main component in the case of pre-oxidation 
film formed in the high temperature water under the condi 
tion of BWR service operation as in the sample B. That is, 
it is found that a deposition Suppression effect of radionu 
clides is Small even if it is tried to Suppress taking in of 
cobalt by forming the pre-oxidation film in the high tem 
perature water under the condition of BWR service opera 
tion and making the growth rate of the oxide film formed 
during the service operation slow. On the contrary, in the 
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case of the sample A that the pre-oxidation film is not 
formed, it appears that taking in of cobalt is easily occurs in 
the course of growing of the outer oxide film A2 that iron is 
a main component. How ever, by providing the pre-oxida 
tion film as in the sample B, it is found that it becomes 
difficult to take cobalt into the outer oxide film B2 becoming 
slow in growth. It is found that the outer oxide films A2 and 
B2 that iron is a main component are ferrite films (hereun 
der, referred to as magnetite films) that magnetite is a main 
component from analysis of laser Raman spectral. From the 
above-mentioned matters, if it is possible to produce a 
magnetite film as an oxide film, it is expected to be able to 
Suppress deposition of cobalt. 

0019 However, when forming an oxide film in a water of 
high temperature close to a temperature in a BWR service 
operation, since it is impossible to Suppress having formed 
an inner oxide film B1 that chromium is a main component 
through diffusion of dissolved oxygen in the cooling water 
into the metal parent material, such a problem is left that the 
inner oxide film B1 becomes a source of taking in radioac 
tive cobalt and it is impossible to suppress deposition of 
radionuclides. 

0020. If it is possible to form only a magnetite film such 
as the outer oxide film A2, B2 under the temperature 
condition (for example, 100° C. or lower) that the diffusion 
rate of dissolved oxygen into metal parent material is slow, 
it is considered to be able to suppress taking in of cobalt of 
radionuclides. 

0021. After forming a magnetite film on a stainless steel 
Surface on the basis of this consideration, it is soaked in the 
high-temperature water under the condition of BWR service 
operation and a deposit amount of Co-60 is examined. As a 
result, it is found possible to Suppress greatly the deposit 
amount of Co as sown in FIG. 4. In FIG. 4, the ordinate 
shows relative values of deposit of Co-58 of samples C, D, 
E. The sample C is a sample that a Surface of stainless steel 
is mechanically grinded, the sample D is a sample that a 
pre-oxidation film is formed on the surface of stainless steel 
under the condition of BWR service operation, and the 
sample E is a sample that a magnetite film is formed on the 
surface of stainless steel at a temperature of 100° C. or less. 
As it is apparent from FIG. 4, the deposit amount of Co in 
the sample E in which the magnetite film is formed is greatly 
Suppressed as compared with the samples C and D. Further, 
as a method of forming the magnetite film, it is not technique 
of Suppressing corrosion of components of a nuclear power 
plant, but it is technique of forming a ferrite film of magnetic 
recording medium. However, a method described in JP 
63-15990 B can be applied for the method, for instance. 
Although the method of JP 63-15990 B uses chlorine, 
however, it is impossible for the components of nuclear 
power plant to use chlorine from a viewpoint of securing of 
Soundness of the components, so that it is necessary to take 
a method different from the method of JP 63-15990 B. 

0022. The present invention is made to solve the above 
mentioned subject and characterized by adsorbing iron (II) 
ions (ferrous ions) on Surfaces of metal members composing 
a nuclear power plant, oxidizing the adsorbed iron (II) ions 
to form ferrite films under the temperature condition from a 
normal temperature to 200° C., preferably from a normal 
temperature to 100° C., more preferably from 60° C. to 100° 
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C., and Suppressing deposition of radionuclides on the metal 
members by the ferrite films, on the basis of the acknowl 
edge. 

0023. According to the above, the ferrite films formed on 
the Surfaces of members composing a nuclear power plant 
are ferrite films that magnetite is a main component, corre 
sponding to the sample E in FIG. 4, because the temperature 
at time of forming the films is lower than the temperature in 
the core service operation. That is, in the case where the 
temperature at time of ferrite film formation is in a tem 
perature range at time of service operation of the core, since 
a diffusion velocity of an oxidizing agent (oxidizer) is fast, 
a conventional inner oxide film that chromium is a main 
component is formed, and cobalt is taken in there. On the 
contrary, in the case where the temperature at time of 
formation of the ferrite film is 60° C. to 100° C. which is 
low, since the diffusion velocity of the oxidizer is slow, the 
conventional inner oxide film that chromium is a main 
component is not formed, but a magnetite film that taking in 
of radionuclides is less and iron is a main component, 
corresponding to the sample E in FIG. 4 is formed, whereby 
it is possible to Suppress deposition of radionuclides onto 
components. 

0024. Further, after acting a solution including bivalent 
iron ion (iron (II) ion) obtained by solving iron in organic 
acid or carbonic acid onto the Surfaces of components, an 
oxidizer Such as oxygen is injected into the solution, 
whereby it is possible to form the oxide film. 
0025. When the radionuclide deposition suppression 
method according to the present invention is applied, it is 
preferable for a water-contact surface of a component to be 
treated to be bare (to have nothing thereon). Particularly, on 
the Surfaces of components having operated for service, 
oxide films for corrosion prevention are formed by oxygen 
of an oxidizer produced by radiolysis of water in the cooling 
water. The oxide film has been formed in a high-temperature 
range under service operation, so that the oxide film that 
chromium is a main component has been formed as in the 
inner oxide film B1 of the sample B in FIG. 3, and 
radionuclides have been already taken in. Therefore, even if 
a magnetite film according to the present invention is formed 
on the oxide film, it is impossible to obtain a sufficient 
exposure-dose reducing effect thereby. 

0026. Therefore, the radionuclide deposition suppression 
method according to the present invention is preferable to be 
practiced after termination of a decontamination process 
Such as chemical decontamination and so on conducted 
commonly in the nuclear power plant. Concretely, it is 
preferable to practice the method after a termination stage of 
the decontamination process and before starting the core. 
That is, the decontamination Such as chemical decontami 
nation or the like is a treatment for removing radionuclides 
deposited on the Surfaces of nuclear power plant compo 
nents in contact with reactor water together with oxide films. 
Therefore, the radionuclide deposition suppression method 
according to the present invention is practiced under the 
condition that Surfaces of parent material of components to 
be treated are exposed by the decontamination, and any 
natural oxide film does almost not exist. As a result, a 
magnetite film which is a kind of ferrite film according to the 
present invention is formed directly on the surface of 
component, so that it is possible to effectively suppress 
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deposition of radionuclides. Thereby, it is possible to reduce 
exposure dose at time of regular inspection working. 
0027. As components or members that the radionuclide 
deposition Suppression method according to the present 
invention is applied, components or members composing a 
reactor-water recirculation system or reactor-water purifying 
system of a BWR power plant are preferable, but the 
component or members are not limited thereto. Further, the 
present invention is not limited to the BWR plant, but it can 
be applied for Suppression technique of radionuclides depo 
sition on components in contact with reactor water in a 
pressurized water type (PWR) nuclear power plant. 
0028. A ferrite film forming apparatus for practicing the 
radionuclide deposition Suppression method according to 
the present invention comprises a Surge tank for storing a 
processing Solution, a recirculation pump for Sucking the 
processing solution in the Surge tank, processing solution 
Supply piping for Supplying the processing solution Sucked 
by the recirculation pump to piping for film formation, a first 
chemical tank for storing iron (II) ions to be injected into the 
processing solution in the processing solution Supply piping, 
a second chemical tank for storing an oxidizer to be injected 
into the processing solution in the processing solution Sup 
ply pipe, a third chemical tank for storing a pH adjuster to 
adjusting the pH of the processing solution in the processing 
Solution Supply piping to be 5.5 to 9.0, a processing Solution 
return piping for returning the processing Solution to be 
returned from the piping for film formation to the Surge tank, 
and a heater for heating the processing Solution to a tem 
perature of 60-100° C. 
0029 Further, when the apparatus is used both as film 
formation and as chemical decontamination, it is possible to 
construct the apparatus so as to fluidly communicate a 
chemical tank for oxidizer and reducer for chemical decon 
tamination of the piping that a film is to be formed to the 
above-mentioned processing Solution Supply piping. 

EFFECTS OF THE INVENTION 

0030. According to the present invention, it is possible to 
effectively suppress deposition of radionuclides on compo 
nents of a nuclear power plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 is a flow chart of an embodiment of a 
radionuclide deposition Suppression method of the present 
invention; 
0032 FIG. 2 is a graph showing an experimental result 
about stainless steel in which pre-oxidation film is not 
formed, the experimental result being deposit of Co-58 
deposited on a sample, obtained with time passage, by 
soaking the sample in cooling water under the condition of 
service operation of BWR: 
0033 FIG. 3 is a graph showing an experimental result 
that a sample A that a pre-oxidation film is not formed on 
stainless steel and a sample B that a pre-oxidation film is 
formed on stainless Steel are soaked in the cooling water 
under the condition of BWR service operation and relative 
values of deposit of Co-58 deposited on the samples A and 
B are compared; 
0034 FIG. 4 is a graph showing an experimental result 
that after forming a magnetite film on a stainless Steel 
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Surface, it is soaked in the high-temperature water under the 
condition of BWR service operation and deposit of Co-60 is 
examined; 
0035 FIG. 5 is a schematic diagram of a whole system 
construction of an embodiment in which the present inven 
tion is applied to recirculation piping of a nuclear power 
plant; 

0.036 FIG. 6 is a schematic diagram of a detailed system 
construction of a film forming apparatus for practicing the 
radionuclide deposition Suppression method according to 
the present invention; 
0037 FIG. 7 is a graph showing relationship between 
Voltage and pH in an iron-water system, calculated by 
saturated solubility 0.065 g/100 g in atmospheric saturated 
water at 25° C. of iron(II) carbonate-iron concentration of 
water 5.6x10 mol/L.; 
0038 FIG. 8 is a schematic diagram of a partial system 
of a characteristic portion of another embodiment of a film 
forming apparatus according to the present invention; 
0.039 FIG. 9 is a schematic diagram of a partial system 
of a characteristic portion of another embodiment of a film 
forming apparatus according to the present invention; 
0040 FIG. 10 is a schematic diagram of a system of 
another embodiment of a film forming apparatus according 
to the present invention; 
0041 FIG. 11 is a schematic diagram of a system of 
another embodiment of a film forming apparatus according 
to the present invention; 
0.042 FIG. 12 is a schematic diagram of a system of 
another embodiment of a film forming apparatus according 
to the present invention; 
0.043 FIG. 13 is a schematic diagram of a system of 
another embodiment of a film forming apparatus according 
to the present invention; 
0044 FIG. 14 is a schematic diagram of a system of 
another embodiment of a film forming apparatus according 
to the present invention; 
0045 FIG. 15 is a schematic diagram of a system of 
another embodiment of a film forming apparatus according 
to the present invention; 
0046 FIG. 16 is a schematic diagram of a system of 
another embodiment of a film forming apparatus according 
to the present invention; 
0047 FIG. 17 is a flowchart showing a procedure for 
performing noble metal deposition treatment after forming 
of a ferrite film according to the present invention; and 
0.048 FIG. 18 is a flowchart showing another procedure 
for performing noble metal deposition treatment after form 
ing of a ferrite film according to the present invention. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

0049. Hereunder, embodiments concerning a method of 
Suppressing deposition of radionuclides on components of a 
nuclear power plant according to the present invention will 
be explained, referring to the drawings. 
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First Embodiment 

0050 FIG. 1 shows a flowchart of an embodiment of a 
radionuclide deposition Suppression method of the present 
invention, FIG. 5 shows a schematic diagram of a whole 
system construction of an embodiment in which the present 
invention is applied to recirculation piping of a nuclear 
power plant, and FIG. 6 shows a schematic diagram of a 
detailed system construction of a film forming apparatus for 
practicing the radionuclide deposition Suppression method 
according to the present invention. 

0051. As shown in FIG. 5, the nuclear power plant 
comprises a nuclear reactor 1 having fuel rods contained in 
a pressure vessel, main steam piping 2 connected to the top 
of the nuclear reactor 1, a steam turbine generator 3 con 
nected to the main steam piping 2, and a condenser 4 
connected to a steam outlet of the steam turbine generator 3. 
The condensate condensed in the condenser 4 is taken out by 
a condensate pump 5, and returned as feed water for the 
nuclear reactor 1 through a feed water piping system which 
comprises a condensate purifying apparatus 6, a feed water 
pump 7, a low pressure feed water heater 8, and a high 
pressure feed water heater 9. Heat sources of the low 
pressure feed water heater 8 and the high pressure feed water 
heater 9 are extraction steam from the steam turbine gen 
erator 3. 

0052 Further, a plurality of reactor-water recirculation 
systems are provided for recirculating cooling water in the 
nuclear reactor 1, and constructed so that the reactor water 
extracted by a plurality of recirculation pumps 21 connected 
to a bottom portion of the nuclear reactor 1 is returned to an 
upper portion of the nuclear reactor 1 through reactor-water 
recirculation piping connected to the respective recirculation 
pumps, thereby to be recirculated. Further, a reactor-water 
purifying system for purifying the reactor water in the 
nuclear reactor 1 is constructed so that the reactor water 
extracted by a purifying system pump 24 connected to the 
bottom portion of the nuclear reactor 1 is cooled through a 
regenerative heat exchanger 25 and a non-regenerative heat 
exchanger 26, and the cooled reactor water is purified by a 
reactor-water purifying apparatus 27 and returned into the 
nuclear reactor 1 from a downstream side of the high 
pressure feed water heater of the feed water piping system 
after rising the temperature of the purified reactor water by 
the regenerative heat exchanger 25. Further, FIG. 5 shows 
the case where the present invention is applied to the 
reactor-water recirculation system, and the State that a ferrite 
film formation apparatus 30 for practicing the radionuclide 
deposition Suppression method according to the present 
invention is connected to the reactor-water recirculation 
system by temporary piping. That is, when a service opera 
tion of the nuclear reactor 1 is stopped, connection between 
the nuclear reactor 1 and the reactor-water recirculation 
piping 22 is cut off, and the ferrite film formation apparatus 
30 is connected to the cut-off reactor-water recirculation 
system though the temporary piping so that a processing 
Solution can be recirculated. 

0053 An embodiment of the ferrite film formation appa 
ratus 30 is shown in FIG. 6. The film formation apparatus 
30 of the present embodiment is constructed so that it can be 
jointly used with chemical decontamination processing. 
Namely, the apparatus 30 comprises a surge tank 31 filled 
with water used for processing, and a recirculation pump 32 
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for extracting the water in the Surge tank 31 and feeding it 
to an end of the reactor-water recirculation piping 22 
through valves 33, 34. Chemical tanks 42, 43 and 44 each 
used for chemical decontamination are connected to a pro 
cessing solution piping 35 having the valves 33 and 34 
connected thereto through valves 36, 37 and 38 and injection 
pumps 39, 40 and 41. In the chemical tank 42, permanganic 
acid ions for oxidative dissolution of contaminated Sub 
stances inside the piping are stored. In the chemical tank 43. 
oxalic acid for reductive dissolution of contaminated sub 
stances in the piping is stored. In the chemical tank 44, 
hydrazine for pH adjustment is stored. Further chemical 
tanks 49 and 50 each used for ferrite film formation are 
connected to the processing Solution piping 35 through 
valves 45 and 46 and injection pumps 47 and 48. In the 
chemical tank 49, chemicals including iron (II) ions pre 
pared by dissolving iron with formic acid are stored. Further, 
chemicals for dissolving iron are not limited to the formic 
acid, but organic acid or carbonic acid, which becomes 
counter anion to the iron (II) ion, can be used therefor. In the 
chemical tank 50, water in which oxygen as oxidizing agent 
is dissolved is stored. Further, hydrazine stored in the 
chemical tank 44 is used for pH adjustment at time of ferrite 
film formation. 

0054 Meanwhile, the processing solution fed to the one 
end of the reactor-water recirculation piping 22 by the 
recirculation pump 32 is passed through an inside of the 
reactor-water recirculation piping 22 and returned to the 
valve 51 from the other end. The processing solution 
returned through the valve 51 is returned to the surge tank 
31 through a reciculation pump 52, a heater 53 and valves 
55, 56 and 57. A cooler 58 and a valve 59 are connected to 
the heater 53 and the valve 55 in parallel. The valve 56, a 
cation exchange resin tower 60 connected to a valve 61 in 
series and a mixed bed ion exchange resin 62 connected to 
a valve 63 in series are connected to the processing Solution 
piping 35 in parallel, respectively. Decomposition equip 
ment 64 is connected in parallel with a valve 57 via a valve 
65. A chemical tank 68 is connected to the decomposition 
equipment 64 via a valve and an injection pump 67, and 
constructed so that the hydrogen peroxide Solution stored in 
the chemical tank 68 can be injected into the decomposition 
equipment 64. 

0055. It is preferable that the position of the valve 46 for 
oxidizer injection is at a downstream side of the valve 45 for 
iron (II) ion injection and the valve 38 for pH adjuster 
injection, and possibly close to an object to be treated. 
Further, it is preferable to set a filter at an exit side of the 
Surge tank 31. Further, it is preferable for removing oxygen 
in solution to bubble inert gas such as nitrogen, argon gas, 
etc. in the chemical tank storing chemicals including iron 
(II) ions, the chemical tank 44 storing pH adjusting chemi 
cals, and the Surge tank 31. Further, the decomposition 
equipment 64 is constructed so that organic acid used as 
counter anion of iron (II) ion and hydrazine of pH adjuster 
can be decomposed. That is, as the counter anion of iron (II) 
ion, organic acid which can be decomposed into water and 
carbon dioxide taking into consideration of reduction in 
waste amount, or carbonic acid which can be released as gas 
and does not increase an amount of wastes is used. Further, 
it is preferable for Suppressing a use amount of chemicals to 
recover unreacted chemicals by separating and removing 
excessive reaction products and reuse them. 
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0056. Using the film formation apparatus 30 constructed 
as mentioned above, a processing procedure for practicing 
the radionuclide deposition Suppression method according 
to the present invention in the reactor-water recirculation 
system will be explained along the flowchart of FIG. 1. First 
of all, in practice of the method of the present invention, it 
starts from connection of the film formation apparatus 30 to 
the piping system including a component that a film is to be 
formed (S1). For example, as in FIG. 5, in the case where 
the reactor-water recirculation system is to be treated, con 
nection of the nuclear reactor 1 and the reactor-water recir 
culation piping 22 is cut off, and the film formation appa 
ratus 30 is connected to the cut-off reactor-water 
recirculation system through temporary piping. 

0057 Next, in the present embodiment, contaminated 
Substances Such as oxide films taken in radionuclides formed 
on the metal member surfaces in contact with the reactor 
water are decomposed by chemical processing, using the 
film formation apparatus 30 (S2). When the radionuclide 
deposition Suppression method of the present invention is 
practiced, it is preferable to conduct the chemical process 
ing, however, it is not limited to the chemical processing. It 
is necessary that the metal member Surface or Surfaces are 
exposed before practicing the radionuclide deposition Sup 
pression method, and it is possible to employ mechanical 
decontamination Such as grinding. 

0058. The chemical decontamination in step S2 is a 
conventional method, however, it will be explained briefly. 
First, the valves 33, 34, 51, 55, 56 and 57 are opened, under 
the condition that the other valves are closed, the recircu 
lation pumps 32 and 51 are started, and the processing 
solution in the surge tank 31 is recirculated into the reactor 
water recirculation system 22 that is to be chemically 
decontaminated. Further, the temperature of the processing 
solution is raised to a temperature of about 90° C. by the 
heater 53. Next, the valve 36 is opened and the injection 
pump 39 is started, permanganic acid ions in the chemical 
tank 42 is injected into the processing solution. Thereby, 
radioactive contaminant Such as oxide films formed on the 
object that is to be decontaminated is oxidatively dissolved. 

0059. After the oxidative dissolution of radioactive con 
taminant is finished in this manner, in order to decompose 
permanganic acid remained in the processing solution, the 
valve 37 is opened and the injection pump 40 is started, and 
oxalic acid in the chemical tank 43 is injected into the 
processing solution. Successively, in order to conduct reduc 
tive dissolution of the contaminant, the oxalic acid in the 
chemical tank 43 is further injected into the processing 
Solution, and in order to adjust the pH of the processing 
solution, the valve 38 is opened and the injection pump 41 
is started, and hydrazine is injected from the chemical tank 
44 into the processing Solution. After oxalic acid and hydra 
Zine are injected in this manner, the valve 61 is opened and 
the valve 56 is closed, the processing Solution is passed to 
the cation exchange resin tower 60, the metal cation dis 
Solved into the processing Solution is adsorbed on the cation 
exchange resin and removed from the processing Solution. 

0060. After, the reductive dissolution is finished, in order 
to decompose the oxalic acid in the processing solution, the 
opening of the valve 57 for bypassing the valve 65 at the exit 
side of the decomposition equipment 64 and the decompo 
sition equipment 64 is adjusted, whereby a part of the 
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processing solution is flowed into the decomposition equip 
ment 64. At this time, the valve 66 is opened, the injection 
pump 67 is started, and hydrogen peroxide in the chemical 
tank 68 is injected into the processing Solution flowing into 
the decomposition equipment 64, whereby the oxalic acid is 
decomposed in the decomposition equipment 64. After the 
oxalic acid is decomposed, in order to remove the impurities 
in the processing solution, the heater is turned off and the 
valve 55 is closed. At the same time, the valve 59 of the 
cooler 58 is opened and the processing solution is passed 
into the cooler 58 to be lowered in temperature. After the 
temperature of the processing solution is lowered to a 
temperature (for example 60° C.) at which it can be passed 
though the mixed bed resin tower 62 in this manner, the 
valve 61 of the cation exchange resin tower 60 is closed and 
the valve 63 at the side of the mixed bed resin exchange 
tower 62 is opened, and the processing Solution is flowed 
into the mixed bed ion exchange tower 62, thereby to 
remove impurities in the processing solution. 
0061 Those series of operations from temperature eleva 
tion, oxidizer dissolution, oxidizer decontamination, reduc 
tive dissolution, reductive decomposition and purifying 
operation are repeated twice or thrice, whereby contami 
nants including oxide films of the metal member that is to be 
decontaminated are dissolved and removed. 

0062. In this manner, after the contaminants including 
oxide films of the metal members are removed, the process 
ing is changed to a ferrite film forming processing according 
to the present invention. First, after finishing of the final 
purification operation, the processing solution is adjusted to 
be a prescribed temperature by the heater 53 (S3). The 
prescribed temperature at this time is preferable to be around 
100° C., however, it is not limited to the temperature. The 
point is that the formed ferrite film is sufficiently dense in 
film structure such as crystal to the extent that radionuclides 
in the reactor water during service operation of the nuclear 
reactor cannot be taken in. Therefore, at least, 200° C. or 
lower is preferable and although the lower limit is sufficient 
to be a normal temperature, 60° C. or higher at which a 
forming rate of the film becomes in a practical range is 
preferable. 

0063. Further, from a view point of suppression of a use 
amount of chemicals also, the temperature of the processing 
solution for forming a ferrite film is preferable to be 60-100° 
C. The reason is explained. FIG. 7 shows relationship 
between Voltage and pH in an iron-water system, calculated 
by saturated solubility 0.065 g/100 g in atmospheric satu 
rated water at 25°C. of iron(II) carbonate-iron concentration 
of water 5.6x10 mol/L. From FIG. 7, it is found that a 
stabilized region of magnetite (FeO) which is a kind of 
ferrite is expanding to a low pH side as the temperature rises 
from 25°C. to 60° C., and from 60° C. to 100°C. Therefore, 
it is possible to reduce an amount of chemical for adjusting 
the pH of the processing Solution by raising the temperature. 
In order to form a ferrite film, it is necessary that iron (II) ion 
is adsorbed on the surface of an object that a film is to be 
formed. However, iron (II) ion in the solution is oxidized to 
iron (III) ion by dissolved oxygen according to the following 
chemical formula 1, the iron (III) ion is precipitated as iron 
hydroxide according to the following chemical formula 2 
because the iron (III) ion is lower in solubility than iron (II) 
ion, so that the iron (III) ion comes not to contribute to ferrite 
film formation. Therefore, it is preferable to conduct bub 
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bling of inert gas or vacuum deaeration in order to remove 
oxygen in the processing Solution. 

0064. When the temperature of the processing solution 
recirculated in this manner reaches a prescribed temperature, 
the valve 45 is opened and the injection pump 47 is started, 
chemicals containing iron (II) ion prepared by dissolving 
and adjusting iron by formic acid are injected into the 
processing solution from the chemical tank 49 (S4). 
Thereby, the iron (II) ion is adsorbed on the metal member 
surface that is to be treated. Successively, in order to oxidize 
the iron (II) ion adsorbed on the metal member surface to be 
iron (III) ion and to make it into ferrite, the valve 46 is 
opened and the injection pump 48 is started, whereby water 
having oxygen of oxidizer dissolved therein and stored in 
the chemical tank 50 is injected into the processing solution 
(S5). Successively, in order to adjust the pH of the process 
ing solution to 5.5-9.0, the valve 38 is opened and the 
injection pump 41 is started, and hydrazine is injected from 
the chemical tank 44 into the processing solution (S6). 
Thereby, an oxide film of ferrite film (hereunder, referred to 
as magnetite film) that magnetite is a main component is 
formed on the position of an object to be treated. 
0065. In step S7, when formation of the magnetite film is 
finished in this manner, the processing goes to a waste 
Solution processing step S8. However, when the magnetite 
film formation is not finished, the processing goes to step S9 
where chemicals are filled, and then a magnetite film of 
necessary thickness is formed. 
0066 Since formic acid and hydrazine remain in the 
processing Solution after forming of the magnetite film, it is 
necessary to have removed these impurities by practicing the 
waste liquid treatment in step S8 when the waste solution is 
discharged. Meanwhile, disposal of those impurities in the 
ion exchange resin tower 60 increases waste of the ion 
exchange resin. Therefore, in the waste liquid treatment in 
step S8, it is preferable to decompose and dispose the formic 
acid to carbon dioxide and water, and the hydrazine into 
nitrogen and water, using the decomposition equipment 64 
in the decontamination system. Thereby, it is possible to 
reduce a load of the ion exchange resin tower 60 and to 
reduce a waste amount of the ion exchange resin. Further, 
since the decomposing disposal causes a part of the pro 
cessing solution to flow in the decomposition equipment as 
in the decomposition of oxalic acid, formic acid and hydra 
Zine are decomposed by adjusting the openings of the valve 
57 bypassing the decomposition equipment 64 and the valve 
65 of the decomposition equipment 64, and injecting hydro 
gen peroxide into the processing solution flowing in the 
decomposition equipment 64. In this manner, by forming the 
magnetite film on the object to be treated while Suppressing 
the waste of ion exchange resin and a generation amount of 
radioactive waste, it is possible to suppress deposition of 
radionuclides or radioactive cobalt ions on the object to be 
treated during normal service operation of the nuclear reac 
tor. As a result, it is possible to reduce exposure at time of 
regular inspection by Suppressing a dose rate of the piping 
of the reactor-water recirculation system. 
0067 Further, chemicals such as chlorine are not used for 
the film formation processing, so that the Soundness of 
components of the nuclear power plant is not spoiled. 
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Second Embodiment 

0068 FIG. 8 shows a system of a concrete embodiment 
of a portion forming iron (II) ions stored in the chemical tank 
49 shown in FIG. 6. In FIG. 8, formic acid solution is stored 
in a chemical tank 70, and nitrogen from nitrogen bubbling 
equipment 71 is bubbled in the chemical tank 70, whereby 
dissolved oxygen is removed. The formic acid from which 
the dissolved oxygen is removed is transferred to a metal 
iron dissolution tank 73 by an injection pump 72. Metal iron 
74 is set in the metal iron dissolution tank 73, and iron (II) 
ion is dissolved by the formic acid transferred thereto. At 
this time, nitrogen from the nitrogen bubbling equipment 71 
is bubbled in the metal iron dissolution tank 73. The formic 
acid solution in the metal iron dissolution tank 73 does not 
Substantially include dissolved oxygen, so that the iron (II) 
ion is almost not oxidized to iron (III) ion. The formic acid 
solution which dissolved the iron(II) ion is transferred to the 
chemical tank 49 by an injection pump 75 and stored therein. 
Further, nitrogen from the nitrogen bubbling equipment 71 
is bubbled in the chemical tank 49. Nitrogen from the 
nitrogen bubbling equipment 71 is bubbled also during 
storage, and prevents the iron (II) ion from being oxidized 
to Iron (III) ion by oxygen in the air. 
0069. The iron (II) ion solution formed and stored in this 
manner is used for the film formation processing of the first 
embodiment shown in FIG. 6. Therefore, the iron (II) ion 
solution prepared according to the embodiment of FIG. 8 is 
not in contact with oxidizer until the solution is mixed with 
the oxidizer Such as oxygen to be injected from the chemical 
tank 50 in the film formation apparatus 30, so that an amount 
of the iron (II) ion as it is becomes much. Therefore, the 
amount of iron (II) ion adsorbed on the object portion to be 
treated increases and the formation reaction of magnetite 
film becomes easy to occur. 

Third Embodiment 

0070 FIG. 9 shows a system of another embodiment of 
iron (II) ion formation shown in FIG. 8. In the present 
embodiment, carbonic water instead of formic acid in the 
embodiment of FIG. 8 is used as an iron ion solution. 
Carbonic acid is stored in a chemical tank 76, carbon dioxide 
supplied form a carbon dioxide bubbling equipment 77 is 
bubbled into the chemical tank 76, and saturated carbonic 
water of one atmosphere is formed. The formed one atmo 
sphere saturated carbonic water is transferred to the metal 
iron dissolution tank 73 by the injection pump 72. Iron (II) 
carbonate 78 is contained in the metal iron dissolution tank 
73, and the one atmosphere saturated carbonic water is 
dissolved. Further, carbon dioxide from the carbon dioxide 
bubbling equipment 71 is bubbled into the metal ion disso 
lution tank 73. By the way, according to the literature 
(Chemical Unabridged Dictionary 5, page 729 (1997), 
Reduced-size edition), usually, the solubility of iron (II) 
carbonate is 0.065 g/100 g-water at 20°C., however, in the 
case of one atmosphere Saturated carbonic water, the Solu 
bility rises to 0.1 g/100 g-water. Further, it can exhaust 
dissolved oxygen and does not substantially contain dis 
Solved oxygen, so that the dissolve iron (II) ion is almost not 
oxidized to iron (III) ion. The saturated carbonic water 
solution in which iron (II) ion is dissolved is transferred to 
and stored in the chemical tank 49 by the injection pump 75 
via a filter 79 removing undissolved iron (II) ion. During 
storage, also, carbon dioxide from carbon dioxide bubbling 

Mar. 30, 2006 

equipment 77 is bubbled into the chemical tank 49, whereby 
the iron (II) ion is prevented from being oxidized to be iron 
(III) ion by oxygen in the air. 
0071. The iron (II) ion solution produced and stored in 
this manner is used for the film formation processing shown 
in FIG. 6. Since the iron (II) ion solution prepared in the 
embodiment shown in FIG.9 does not contact with oxidizer 
until it is mixed with the oxidizer Such as oxygen injected 
from the chemical tank 50 in the film formation apparatus 
30, an amount of iron (II) ion as it is and reached to an object 
portion to be treated becomes much. Therefore, an amount 
of iron (II) ion adsorbed on the object portion to be treated 
increases, and the reaction of magnetite film production 
becomes easy to occur. Further, since carbonic acid ion is 
used as counter anion of iron (II) ion, it is possible to reduce 
an amount of Solid waste. 

Fourth Embodiment 

0072 FIG. 10 shows a system of another embodiment of 
the film formation apparatus 30 according to the present 
invention. A difference of the present embodiment from the 
embodiment shown in FIG. 6 is that the nitrogen bubbling 
equipment 71 is connected to each of the surge tank 31, the 
chemical tank 44 for hydrazine and the chemical tank for 
iron (II) ion. Thereby, it is possible to make each solution 
contained in each tank into the solution Substantially not 
containing oxygen by exhausting dissolved oxygen in each 
tank. As a result, it is possible to reduce formation of iron 
(III) ion contained in the solution and not distributed to 
magnetite film formation and to Suppress decrease in mag 
netite film formation reaction, as well as the above-men 
tioned second and third embodiments. 

Fifth Embodiment 

0073 FIG. 11 shows a system of another embodiment of 
the film formation apparatus 30 according to the present 
invention. In the present invention, a filter 80 for removing 
side reaction products is provided between the recirculation 
pump 32 at the exit side of the surge tank 31 and the valve 
33, in addition to the embodiment shown in FIG. 10. In the 
magnetite film formation, iron (II) ion is adsorbed on an 
object surface to be treated, a part thereof is oxidized to iron 
(III) ion by oxidizer injected from the chemical tank 50 to 
form ferrite, and it grows as a film by repeating the adsorp 
tion and oxidization. However, in the solution being trans 
ferred, also, iron (II) ion reacts with oxidizer injected from 
the chemical tank 50, and a part thereof becomes iron (III) 
ion and turns into ferrite particles and iron (III) (ferric) 
hydroxide particles in the solution. Since those particles 
grow as time passes, they are easy to grow inside the Surge 
tank 31 in which they stay for a long time. When the grown 
those particles are Supplied again to the object portion that 
a film is to be formed, there is the possibility that they are 
taken in the magnetite film which is growing and uniform 
growth of the magnetite film is spoiled. Particularly, when 
ion (III) hydroxide is taken in, in Some cases, radioactive 
cobalt is taken in when hematite is produced by dehydration 
reaction. 

0074. In order to make the magnetite film grow uniformly 
on the object portion surface, it is preferable to remove 
particle-shaped products grown by side reaction, and it is 
effective to install a filter 80 for removing side reaction 
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products at the exit side of the surge tank 31 in which the 
particle-shaped products are easy to grow. Thereby, an 
amount of particle-shaped products grown by side reaction 
to the object portion to be treated decreases and the mag 
netite film easily grows uniformly. 

Sixth Embodiment 

0075 FIG. 12 shows a system of another embodiment of 
the film formation apparatus 30 according to the present 
invention. The present embodiment is a concrete example in 
which oxygen Saturated water is formed as oxidizer which is 
stored in the chemical tank 50, in addition to the embodi 
ment shown in FIG. 11. As shown in FIG. 12, water is filled 
in the chemical tank 50, and while recirculating the water by 
a recirculation pump 81, oxygen-containing gas is injected 
into the recirculating water from oxygen-containing gas 
injection equipment 82, whereby oxygen Saturated water at 
the oxygen concentration of the oxygen-containing gas is 
formed. The oxygen Saturated water is used as oxidizer for 
magnetite film formation. Thereby, waste does not occur 
from the oxidizer, and it is possible to reduce an amount of 
waste by the amount corresponding to the waste that does 
not occur from the oxidizer. 

Seventh Embodiment 

0076 FIG. 13 shows a system of further another embodi 
ment of the film formation apparatus 30 according to the 
present invention. In the present embodiment, oxygen-con 
taining gas is Supplied to micro-bubble generation equip 
ment 83 from the oxygen-containing gas injection equip 
ment 82 and oxygen-containing gas micro-bubble is injected 
into the processing solution piping 35 from the micro-bubble 
generation equipment 83, instead of the chemical tank for 
oxidizer in FIG. 6. The micro-bubble generation equipment 
83 is provided on branch piping branched from the process 
ing solution piping 35 to Supply a part of processing Solution 
Supplied to the object portion to generate micro-bubble, and 
the branched piping is formed so that the part of processing 
Solution is mixed with the oxygen-containing gas Supplied 
from the oxygen-containing gas injection equipment 82 at 
the branched piping, generates oxygen-containing gas 
bubble, and is returned to the processing solution piping 35. 
The air bubble micro-bubbled is very slow in rising velocity 
in liquid phase, so that it is not separated Soon into gas and 
liquid phases as in usual air bubble, and the air bubble as it 
is flows along the liquid phase in the field that flow exists. 
Therefore, according to the present embodiment, the oxi 
dizer reaches the object portion to be treated as micro 
bubble of oxygen-containing gas. 
0077. Further, according to the present embodiment, 
since the oxygen contained in the micro-bubble does not 
react directly with iron (II) ion in liquid phase because the 
oxidizer of micro-bubble is used, it is possible to reduce an 
amount of iron (II) ion oxidized to iron (III) ion in liquid 
phase before reaching to the object portion to be treated, as 
compared with the sixth embodiment. 

Eighth Embodiment 

0078 FIG. 14 shows a system of further another embodi 
ment of the film formation apparatus 30 according to the 
present invention. In the present embodiment, in addition to 
the embodiment shown in FIG. 13, ascorbic acid injection 
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equipment is provided. The ascorbic acid injection equip 
ment is constructed so that ascorbic acid solution is injected 
into the processing Solution piping 35 from a chemical tank 
84 storing ascorbic acid solution via a pump 85 and the valve 
86. The ascorbic acid solution in the chemical tank 84 is 
bubbled by nitrogen from the nitrogen bubbling equipment 
71, and dissolved oxygen is removed therefrom. The ascor 
bic acid injected in the processing Solution piping 35 is 
mixed with processing solution containing bubble of oxy 
gen-containing gas reaches to the object Surface to be treated 
together with iron (II) ion and pH adjuster. Meanwhile, a 
part of iron (II) ion has oxidized to iron (III) ion by a part 
of dissolved oxygen dissolved in liquid from micro-bubble 
of oxygen-containing gas. However, according to the 
present embodiment, ascorbic acid exists, so that iron (III) 
ion is reduced to the iron (II) ion, and it is possible to reduce 
a consumption amount of iron (II) ion. In this manner, most 
of the injected iron (II) ion as it is reaches to the object 
surface to be treated and adsorbed. A part of the adsorbed 
iron (II) ion is oxidized by oxygen contained in micro 
bubble, and causes ferrite forming reaction together with 
iron (II) ion adsorbed without being oxidized to form 
magnetite film. 
0079 Therefore, it is possible to form a magnetite film by 
using a chemical containing at least one of iron (II) ion and 
iron (III) ion instead of iron (II) ion in the present embodi 
ment, and contacting the processing solution formed by 
mixing ascorbic acid as a reducer reducing iron (III) ion and 
a chemical adjusting the pH of the processing solution to 5.5 
to 9.0 with a metal member surface. 

Ninth Embodiment 

0080 FIG. 15 shows a system of further another embodi 
ment of the film formation apparatus 30 according to the 
present invention. In the present embodiment, ultraviolet 
irradiation equipment 87 is used instead of the dissolution 
equipment 64 in FIG. 6. As in the first embodiment, in order 
to decompose formic acid and hydrazine after finishing of 
magnetite film formation, openings of the valve 57 and the 
valve 65 of the ultraviolet irradiation equipment 87 are 
adjusted, and a part of the processing Solution is flowed into 
the ultraviolet irradiation equipment 87. At the same time, 
the valve is opened and the injection pump 67 is started, and 
the hydrogen peroxide in the chemical tank 68 is injected 
into the ultraviolet irradiation equipment 87. Thereby, a part 
of the hydrogen peroxide received ultraviolet irradiation 
produces OH radical, and the OH radical conducts oxidative 
decomposition of formic acid and hydrazine into carbon 
dioxide and water, and into nitrogen and water, respectively. 
As a result, it is possible to decompose the chemical 
contained in a waste solution after finishing magnetite film 
formation and to reduce a waste amount. 

Tenth Embodiment 

0081 FIG.16 shows a system of further another embodi 
ment of the film formation apparatus 30 according to the 
present invention. The present embodiment is characterized 
in that micro-bubble generation equipment 89 is used 
instead of the decomposition equipment 64 in the embodi 
ment shown in FIG. 6. As shown in FIG. 16, the present 
embodiment is constructed so that oZone gas is blown in the 
micro-bubble generation equipment 89 from oZone gas 
Supply equipment 90. AS in the decomposition equipment 
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64, openings of the valve 57 and the valve 65 at the exit side 
of the micro-bubble generation equipment 89 are adjusted, 
whereby a part of the processing Solution in the micro 
bubble generation equipment 89 is passed through. Thereby, 
the oZone gas blown in the micro-bubble generation equip 
ment 89 becomes ozone micro-bubble in the processing 
Solution containing formic acid and hydrazine. The oZone 
dissolved in the processing Solution directly decomposes 
oxidatively formic acid and hydrazine or formic acid and 
hydrazine are oxidatively decomposed by OH radical gen 
erated by a reaction of OZone and water to becomes carbon 
dioxide, nitrogen and water. Thereby, a waste amount is 
reduced by decomposing chemicals contained in the waste 
after finishing of magnetite film formation to gas and water. 

Eleventh Embodiment 

0082 Further another embodiment according to the 
present invention will be described, referring to FIG. 17. 
FIG. 17 shows a flowchart showing a procedure for per 
forming noble metal deposition treatment which is usually 
not conducted immediately after chemical decontamination. 
The noble metal deposition treatment is conducted for 
Suppressing stress corrosion cracking of components of a 
nuclear reactor. Usually it is conducted using about 48 hours 
when the temperature of reactor water reaches to 150° C. 
from a starting time of stopping operation in time when the 
nuclear reactor is going to be stopped or intermediately 
stopped to a time when the nuclear reactor is stopped. The 
reason that the treatment is not conducted immediately after 
chemical decontamination is that noble metal is difficult to 
deposit on the nuclear reactor component Surface from 
which an oxide film is removed by the chemical decontami 
nation. The noble metal deposition treatment is conducted 
after an oxide film grows to Some extent. The reason that it 
is conducted at 150°C. is that the efficiency to deposition is 
best as a result of studying of a noble metal deposition 
amount under various temperature conditions. 
0.083 Namely, as shown in FIG. 17, magnetite film 
formation processing is conducted (S12) immediately after 
chemical decontamination (S.11). Next, temperature eleva 
tion of the nuclear reactor is started (S13, S14) at the same 
time as an regular inspection terminates. After the tempera 
ture of reactor water is kept at 150° C. for 48 hours (S15), 
noble metal is injected (S16), and then temperature elevation 
of the nuclear reactor is restarted (S17) and the operation is 
shifted to the rated operation (S18). 
0084. In this manner, according to the present embodi 
ment, the magnetite film of metal oxide is formed on the 
object Surface to be treated by the magnetite film processing 
immediately after the chemical decontamination, so that a 
noble metal element is easy to be deposited by the noble 
metal deposition treatment. When the temperature of reactor 
water reaches to 150° C. from starting of the nuclear reactor, 
injection of a noble metal compound including platinum and 
rhodium is started and the condition is kept for about 48 
hours, whereby it is possible to conduct the noble metal 
deposition treatment. 

Twelfth Embodiment 

0085 FIG. 18 shows a flowchart showing another pro 
cedure for performing noble metal deposition treatment. In 
the present embodiment, after magnetite film processing is 
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finished, immediately, a noble metal deposition treatment is 
conducted by using the film formation apparatus 30 as it is. 
As noble metal injection equipment, the oxalic acid injection 
equipment as shown in FIG. 6, for instance can be used. 
That is, a solution of a noble metal compound containing 
platinum and rhodium is contained into the chemical tank 
43, and the Solution is injected into the processing Solution 
by using the injection pump 40. The temperature rises only 
to about 100° C., however, since no nuclear fuel is contained 
in the processing solution, it is unnecessary to worry about 
influence on Zircalloy, so that it is possible to raise the 
concentration higher than the usual noble metal deposition 
treatment and extend the treatment time, whereby it is 
possible to deposit noble metal of a prescribed amount. 
0086 Namely, as shown in FIG. 18, after chemical 
decontamination is conducted (S21), immediately, film for 
mation processing of magnetite film is conducted (S22), 
Successively, noble metal deposition treatment is conducted 
(S23), then elevation of the temperature of the nuclear 
reactor is started at the same time as the regular inspection 
finishes (S24, S25) and the nuclear reactor operation is 
shifted to the rated operation (S18). 

What is claimed is: 
1. A method of Suppressing deposition of radionuclides on 

components of a nuclear power plant, comprising the steps 
of: 

adsorbing iron (II) ions on a surface of a metal member 
composing the nuclear power plant; 

forming a ferrite film by oxidizing the adsorbed iron (II) 
ions under the temperature condition from a normal 
temperature to 200° C.; and 

Suppressing deposition of the radionuclides on the metal 
member by the ferrite film. 

2. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant according to claim 1, 
wherein the film formation processing of a ferrite film is 
conducted after removing contaminants including an oxide 
film deposited on the metal member surface. 

3. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant according to claim 2, 
wherein removing processing of the contaminants is chemi 
cal decontamination repeating oxidative removing and 
reductive removing. 

4. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant according to claim 1, 
wherein the film formation processing of a ferrite film is 
conducted under the temperature condition from 60° C. to 
1000 C. 

5. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant comprising the steps 
of: 

forming a ferrite film by contacting a first chemical 
including iron (II) ions, a second chemical for oxidiz 
ing the iron (II) ions to iron (III) ions, and a third 
chemical for adjusting the pH of a processing Solution 
containing a mixture of the first and second chemicals 
to be 5.5 to 9.0 with the metal member surface in a time 
period from a finishing stage in decontamination step of 
removing contaminants formed on the Surface of metal 
member composing the nuclear power plant; and 
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Suppressing deposition of radionuclides on the metal 
member by the ferrite film. 

6. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant comprising the steps 
of: 

forming a ferrite film by contacting a first chemical 
including at least one of iron (II) ions and iron(III) ions, 
a second chemical for reducing the iron (III) ions, and 
a third chemical for adjusting the pH of a processing 
Solution containing a mixture of the first and second 
chemicals to be 5.5 to 9.0 with the metal member 
Surface in a time period from a finishing stage in 
decontamination step of removing contaminants 
formed on the Surface of metal member composing the 
nuclear power plant; and 

Suppressing deposition of radionuclides on the metal 
member by the ferrite film. 

7. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant according to claim 5. 
wherein the first chemical is a solution in which metal iron 
is dissolved in organic acid. 

8. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant according to claim 7. 
wherein the first chemical is prepared by dissolving the 
metal iron in the Solution containing organic acid to iron (II) 
ions after bubbling by inert gas or vacuum deaeration of said 
Solution. 

9. A method of Suppressing deposition of radionuclides on 
components of a nuclear power plant according to claim 5. 
wherein the first chemical is a solution in which iron 
carbonate is dissolved in carbonic water or organic acid. 

10. A method of Suppressing deposition of radionuclides 
on components of a nuclear power plant according to claim 
5, wherein inert gas is bubbled in at least one of a tank 
storing the first chemical, a tank storing the third chemical 
and a Surge tank storing the processing solution. 

11. A method of Suppressing deposition of radionuclides 
on components of a nuclear power plant according to claim 
6, wherein the second chemical is ascorbic acid. 

12. An apparatus for forming a ferrite film on a Surface of 
component composing a nuclear power plant, comprising: 

a Surge tank for storing a processing solution; 
a recirculation pump sucking the processing Solution in 

the Surge tank; 
processing Solution Supply piping for Supplying the pro 

cessing Solution Sucked by said recirculation pump to 
piping for film formation; 
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a first chemical tank for storing iron (II) ions injected into 
the processing Solution in said processing Solution 
piping: 

a second chemical tank for storing oxidizer injected in the 
processing solution in said processing Solution Supply 
piping: 

a third chemical tank for storing pH adjuster adjusting the 
pH of the processing solution in said processing solu 
tion supply piping to 5.5 to 9.0: 

processing Solution return piping for returning the pro 
cessing solution returned from said piping for film 
formation to said Surge tank; and 

a heating means for heating the processing solution to be 
a temperature of 60-100° C. 

13. An apparatus for forming a ferrite film according to 
claim 12, wherein a chemical tank for oxidizer and reducer 
is fluidly communicated with said processing Solution pip 
ing. 

14. An apparatus for forming a ferrite film according to 
claim 13, wherein an ion exchange resin tower and a mixed 
bed resin tower each for removing contaminants in the 
processing Solution are inserted in said processing Solution 
return piping. 

15. An apparatus for forming a ferrite film according to 
claim 14, wherein a filter for removing Solid Substances 
contained in the processing solution is installed in said 
processing solution supply piping or said piping for film 
formation. 

16. An apparatus for forming a ferrite film according to 
claim 14, wherein the oxidizer stored in said second chemi 
cal tank generates oxygen-containing bubbles in the solu 
tion. 

17. An apparatus for forming a ferrite film according to 
claim 14, wherein decomposition equipment for at least a 
part of organic acid and nitrogen compound contained in the 
processing Solution in said processing solution return piping. 

18. An apparatus for forming a ferrite film according to 
claim 17, wherein said decomposition equipment is a 
decomposer employing at least one of active carbon catalyst, 
hydrogen peroxide, ultraviolet rays, and oZone. 

19. An apparatus for forming a ferrite film according to 
claim 14, wherein a chemical tank for storing noble metal or 
compound containing noble metal is connected to said 
processing solution Supply piping. 
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