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Description
Technical Field

[0001] The present disclosure relates to a systematic
decontamination method for a heavy water nuclear re-
actor.

Background Art

[0002] Inaheavy water nuclear reactor, heavy wateris
used as a moderator for slowing down neutrons and a
coolant for absorbing heat energy.

[0003] The development of decommissioning technol-
ogy and decontamination technology for a heavy water
nuclear reactor is required, as in a light water nuclear
reactor.

[0004] However, there is no development of technol-
ogy for systematic decontamination for a heavy water
nuclear reactor.

Disclosure
Technical Problem

[0005] Therefore, an object of the presentdisclosure is
to provide a systematic decontamination method for a
heavy water nuclear reactor.

Technical Solution

[0006] The object of the presentdisclosure is achieved
by a system decontamination method for a heavy water
nuclear reactor, the system decontamination method
including: performing decontamination of a moderator
system; and performing decontamination of a coolant
system after the decontamination of the moderator sys-
tem, wherein the decontamination of the moderator sys-
tem is performed by adjusting a temperature of first
system water of the moderator system to a first system
water process temperature and sequentially performing
a moderator system oxidation process and a moderator
system reduction process.

[0007] The first system water process temperature
may be 65°C to 95°C, and the adjustment of the first
system water process temperature may be performed
through at least one of a) heating of the first system water
using an ultraviolet lamp, and b) use of a heat source of
the coolant system.

[0008] The heat source of the coolant system may be
provided by using a coolant pump and a heat exchanger
of the coolant system.

[0009] In the decontamination of the moderator sys-
tem, a moderator system waste liquid treatment process
may be performed after the moderator system reduction
process, and an ultraviolet lamp may be used in the
moderator system waste liquid treatment process.
[0010] Thedecontamination ofthe coolantsystem may
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be performed by adjusting a temperature of second
system water of the coolant system to a second system
water process temperature and then performing a cool-
ant system reduction process.

[0011] Atleastone of permanganic acid and potassium
permanganate may be used in the moderator system
oxidation process, at least one of oxalic acid and citric
acid may be used in the moderator system reduction
process, a decontamination target in the moderator sys-
tem oxidation process may include chromium oxide, and
adecontamination target in the moderator system reduc-
tion process may include at least one of iron oxide and
nickel oxide.

[0012] The second system water process temperature
may be 90°C to 100°C.

[0013] Inthe decontamination of the coolant system, a
coolant system oxidation process, a coolant system ad-
ditional reduction process, and a coolant system waste
liquid treatment process may be sequentially performed
after the coolant system reduction process.

[0014] The system decontamination method may in-
clude: measuring a surface dose rate of the coolant
system to derive a decontamination factor value, after
the coolant system reduction process, and the coolant
system oxidation process and the coolant system addi-
tional reduction process may be performed when the
derived decontamination factor value does not satisfy
a target value.

[0015] Atleastone of citric acid and oxalic acid may be
used in the coolant system reduction process, at least
one of permanganic acid and potassium permanganate
may be used in the coolant system oxidation process, at
least one of citric acid and oxalic acid may be used in the
coolant system additional reduction process, a deconta-
mination target in the coolant system reduction process
may include iron oxide, and a decontamination target in
the coolant system oxidation process may include chro-
mium oxide.

Advantageous Effects

[0016] Accordingto the presentdisclosure, a systema-
tic decontamination method for a heavy water nuclear
reactor is provided.

Description of Drawings
[0017]

FIG. 1 is a diagram illustrating a configuration of a
moderator decontamination facility that performs a
decontamination method of the present disclosure.
FIG. 2 is a diagram illustrating a configuration of a
coolant decontamination facility that performs the
decontamination method of the present disclosure.
FIG. 3is aflowchart of a decontamination method for
a moderator system according to an embodiment of
the present disclosure.
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FIG. 4 is aflowchart of a decontamination method for
a coolant system according to an embodiment of the
present disclosure.

FIG. 5 shows results of an experiment in which an
oxide film removal rate of the coolant system de-
pending on a temperature is simulated.

FIG. 6 shows results of an experiment in which an
oxide film removal rate of the moderator system
depending on a temperature is simulated.

Mode for Disclosure

[0018] In a heavy water nuclear reactor, a moderator
system and a coolant system are separated, unlike a light
water nuclear reactor.

[0019] The present disclosure provides a decontami-
nation method for each of the moderator system and the
coolant system. In particular, the present disclosure pro-
poses a decontamination order and a system-specific
decontamination method in which the moderator system
is decontaminated first and the coolant system is decon-
taminated later.

[0020] A decontamination process of the coolant sys-
tem and the moderator system according to the present
disclosure will be described with reference to FIGS. 1 and
2.

[0021] FIG. 1 is a configuration diagram illustrating a
configuration of a moderator decontamination facility that
performs the decontamination method of the present
disclosure, and FIG. 2 is a configuration diagram illus-
trating a configuration of a coolant decontamination fa-
cility that performs the decontamination method of the
present disclosure.

[0022] The moderator decontamination facility is con-
nected to the moderator system, and first system water is
circulated therein.

[0023] The moderator decontamination facility in-
cludes, for example, a filter, a demineralizer, a UV reac-
tion tank, an oxidizing agent manufacturing device, and a
chemical injection pump. Although not shown, the mod-
erator decontamination facility may further include a
configuration for supplying a reducing agent. Further,
in the moderator system, chemicals can be supplied
through a calandria.

[0024] For the UV reaction tank, an ultraviolet lamp,
particularly, a UVB lamp may be used.

[0025] The coolant decontamination facility is con-
nected to the coolant system, and second system water
is circulated therein.

[0026] The coolant decontamination facility includes,
for example, a pressure reducing device, a filter, a de-
mineralizer, a UV reaction tank, and an injection pump.
Although not shown, the coolant decontamination facility
may further include a configuration for supplying a redu-
cing agent and an oxidizing agent.

[0027] For the UV reaction tank, an ultraviolet lamp,
particularly, a UVC lamp may be used.

[0028] A decontamination method according to an
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embodiment of the present disclosure will be described
with reference to FIGS. 3 and 4.

[0029] FIG. 3isaflowchartofadecontamination meth-
od for a moderator system according to an embodiment
of the present disclosure, and FIG. 4 is a flowchart of a
decontamination method for a coolant system according
to an embodiment of the present disclosure.

[0030] In the moderator decontamination method, a
temperature of the first system water is first adjusted
(S110).

[0031] A temperature of the first system water is in-
creased and adjusted to a first system water process
temperature. The first system water process temperature
may be 65°C to 95°C or 85°C to 95°C.

[0032] The moderator system operates at room tem-
perature at the time of a normal operation. The increase
in the temperature of the first system water may be
performed using the UV reaction tank or a heat source
of the coolant system.

[0033] When the UV reaction tank is used, the ultra-
violet lamp may include a UVB lamp.

[0034] When the heat source of the coolant system is
used, a temperature of the second system water is in-
creased to 100°C or higher in the coolant system using a
coolant pump so that a heat source is generated, and
then the generated heat source is transferred to the first
system water. Specifically, the heat source of the coolant
system is transferred to the inside of the calandria, and
the temperature of the moderator system can be in-
creased through the heat transfer.

[0035] Next, a moderator system oxidation process
(S120) is performed.

[0036] In the moderator system oxidation process, at
least one of permanganic acid, permanganic acid + nitric
acid, and potassium permanganate + pH adjuster (the pH
adjuster is nitric acid or sodium hydroxide) is used. The
moderator system is usually made of stainless steel, and
a decontamination target includes chromium oxide or a
chromium oxide film.

[0037] Thereafter, a moderator system reduction pro-
cess (S130) is performed.

[0038] In the moderator system reduction process,
organic acid is used, and the organic acid may include
at least one of citric acid and oxalic acid. The deconta-
mination target is iron oxide and/or nickel oxide.

[0039] After the decontamination is completed, a mod-
erator system waste liquid treatment process (S140) is
performed, and waste liquid treatment may be performed
using the UV reaction tank. After the organic acid is
removed by using the UV reaction tank, the remaining
organic acid may be removed by using an ion exchange
resin or an oxidizing agent. For a UV lamp of the UV
reaction tank used at this time, a UVC or UVB lamp may
be used.

[0040] Thereafter, asurface dose rate of the moderator
system is measured for derivation of a decontamination
factor (DF), and when the derived DF value does not
satisfy a target value, the moderator system oxidation
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process (S120), the moderator system reduction process
(S130), and the moderator system waste liquid treatment
process (S140) are repeatedly performed. The deconta-
mination factor is a value derived by using a surface dose
rate measurement value of a pipe or the like, and a
reference value of the decontamination factor is a spe-
cific value in a range of 20 to 40 and may be determined
depending on an on-site situation. For the surface dose
rate, the surface dose rate of the pipe or the like within the
system may be measured using a mobile or fixed radia-
tion meter.

[0041] After the decontamination of the moderator
system is completed, the decontamination of the coolant
system is performed.

[0042] In the coolant system decontamination, the
temperature of the second system water is first adjusted
(S210).

[0043] The temperature of the second system water is
adjusted to a second system water process temperature.
The temperature adjustment is performed using a cool-
ant pump and a shutdown cooling heat exchanger, and
the second system water process temperature may be
90°C to 100°C.

[0044] When the temperature of the first system water
is adjusted by the heat source of the coolant system, the
temperature of the second system water only needs to be
slightly decreased after the use as the heat source,
making the process simpler and efficient treatment pos-
sible. For example, when the temperature of the second
system water is increased to 100°C for generation of a
heat source for the adjustment of the temperature of the
first system water, the decontamination of the coolant
system can be performed immediately by slightly redu-
cing the temperature of the second system water to 95°C.
[0045] Thereafter, a coolant system reduction process
(S220) is performed. In the coolant system reduction
process, organic acid is supplied, and the organic acid
includes at least one of citric acid and oxalic acid. The
coolant system is mainly made of carbon steel, and the
decontamination target includes iron oxide or an iron
oxide film. A concentration of the organic acid may be
500 to 1,000 ppm or 500 to 2,000 ppm.

[0046] Thereafter, a surface dose rate of the coolant
system is measured for derivation of a decontamination
factor (DF), and when the derived DF value does not
satisfy atarget value, a coolant system oxidation process
(S230) and a coolant system additional reduction pro-
cess (S240) are performed. The decontamination factor
is a value derived by using a surface dose rate measure-
ment value of a pipe or the like, and a target reference
value of the decontamination factor may be determined
as a specific value in a range of 20 to 40. For the surface
dose rate, the surface dose rate of the pipe or the like
within the system may be measured using a mobile or
fixed radiation meter.

[0047] The surface dose rate of the coolant system is
measured, and when the decontamination factor satis-
fies the target reference value, the coolant system oxida-
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tion process (S230) and the coolant system additional
reduction process (S240) are omitted, and a coolant
system waste liquid treatment process (S250) is per-
formed.

[0048] The coolant system oxidation process (S230)
and the coolant system additional reduction process
(S240) that are selectively performed may be performed
when chromium oxide is generated due to a steam gen-
erator pipe made of Alloy 800 and it is difficult to remove
all of the oxide film through the reduction process.
[0049] Inthe coolant system oxidation process (S230),
at least one of permanganic acid, permanganic acid +
nitric acid, and potassium permanganate + pH adjuster
(the pH adjuster is nitric acid or sodium hydroxide) is
used. A target of the decontamination is the chromium
oxide (chromium oxide film). A large amount of oxidizing
agent may be used so that the decomposition of the
organic acid remaining in the reduction process, and
the oxidation process are simultaneously performed.
This oxidation process is performed after the reduction
process in consideration of a problem that the perman-
ganic acid is self-decomposed by carbon steel and de-
posits are formed.

[0050] In the coolant system additional reduction pro-
cess (S240), the permanganic acid remaining after the
oxidation process is decomposed into organic acid.
Further, in the present process, the iron oxide (iron oxide
film) and/or nickel oxide (nickel oxide film) present under
the chromium oxide film can be removed. A large amount
of oxidizing agent may be used so that the decomposition
of the remaining permanganic acid and the reduction
process can be simultaneously performed. For the or-
ganic acid, oxalic acid or citric acid may be used.
[0051] Thereafter, the coolant system waste liquid
treatment process (S250) is performed. The coolant
system waste liquid treatment process may be performed
using the UV reaction tank. After the organic acid is
removed by using the UV reaction tank, the remaining
organic acid may be removed by using an ion exchange
resin or an oxidizing agent. For the ultraviolet lamp of the
UV reaction tank used at this time, a UVB lamp ora UVC
lamp may be used.

[0052] FIG. 5 shows results of an experiment in which
an oxide film removal rate of a coolant system depending
on a temperature is simulated, and FIG. 6 shows results
of an experiment in which an oxide film removal rate of a
moderator system depending on a temperature is simu-
lated.

[0053] Experimental conditions and experiment meth-
od of the coolant system are as follows.

[0054] Using carbon steel, a simulated specimen was
immersed in citric acid (1L) of 0.1% for 8 hours and then
the experiment was performed at a temperature of 60 to
95°C. After the experiment was performed, weights of the
simulated specimen before and after the decontamina-
tion were measured for derivation of the oxide film re-
moval rate.

[0055] Experimental conditions and experiment meth-
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od of the moderator system are as follows.

[0056] Using stainless steel, the oxidation process and
the reduction process were performed for a total of eight
hours, each four hours. In this case, in the oxidation
process, permanganic acid + nitric acid was used for
the experiment, and in the reduction process, oxalic acid
was used. After the experiment was performed, weights
of the simulated specimen before and after the deconta-
mination were measured for derivation of the oxide film
removal rate.

[0057] Experimental results showed that the oxide film
removal rate of 100% or more was shown at 70°C or more
in the case of the carbon steel as shown in FIG. 5, and the
oxide film removal rate of 70% or more was shown at
80°C or more in one cycle, but the highest removal rate
was shown at 95°C after two cycles in the case of stain-
less steel, as shown in FIG. 6. Therefore, it is necessary
to perform systematic decontamination between 70°C
and 95°C in the coolant system, and it is necessary to
perform systematic decontamination at 80°C or more in
the moderator system.

[0058] The above-described embodiments are exam-
ples for describing the present disclosure, and the pre-
sent disclosure is not limited thereto. Since those skilled
in the art to which the present disclosure pertains will be
able toimplement the present disclosure through various
modifications of the embodiments, the technical protec-
tion scope of the present disclosure should be deter-
mined by the appended claims.

Claims

1. Asystemdecontamination method for a heavy water
nuclear reactor, the system decontamination meth-
od comprising:

performing decontamination of a moderator sys-
tem; and

performing decontamination of a coolant system
after the decontamination of the moderator sys-
tem, wherein

the decontamination of the moderator system is
performed by adjusting a temperature of first
system water of the moderator system to a first
system water process temperature and sequen-
tially performing a moderator system oxidation
process and a moderator system reduction pro-
cess.

2. The system decontamination method of claim 1,
wherein

the first system water process temperature is
65°C to 95°C, and

the adjustment of the first system water process
temperature is performed through at least one of
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a) heating of the first system water using an
ultraviolet lamp, and

b) use of a heat source of the coolant sys-
tem.

The system decontamination method of claim 2,
wherein the heat source of the coolant system is
provided by using a coolant pump and a heat ex-
changer of the coolant system.

The system decontamination method of claim 1,
wherein

in the decontamination of the moderator system,
a moderator system waste liquid treatment pro-
cess is performed after the moderator system
reduction process, and

an ultraviolet lamp is used in the moderator
system waste liquid treatment process.

The system decontamination method of claim 1,
wherein the decontamination of the coolant system
is performed by adjusting a temperature of second
system water of the coolant system to a second
system water process temperature and then per-
forming a coolant system reduction process.

The system decontamination method of claim 1,
wherein

atleast one of permanganic acid and potassium
permanganate is used in the moderator system
oxidation process,

atleastone of oxalic acid and citricacid is used in
the moderator system reduction process,

a decontamination target in the moderator sys-
tem oxidation process includes chromium oxide,
and

a decontamination target in the moderator sys-
tem reduction process includes at least one of
iron oxide and nickel oxide.

The system decontamination method of claim 6,
wherein the second system water process tempera-
ture is 90°C to 100°C.

The system decontamination method of claim 1,
wherein

in decontamination of the coolant system, a coolant
system oxidation process, a coolant system addi-
tional reduction process, and a coolant systemwaste
liquid treatment process are sequentially performed
after the coolant system reduction process.

The system decontamination method of claim 8,
comprising:

measuring a surface dose rate of the coolant
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systemto derive a decontamination factor value,
after the coolant system reduction process, and

the coolant system oxidation process and the
coolant system additional reduction process are
performed when the derived decontamination 5
factor value does not satisfy a target value.

10. The system decontamination method of claim 8,
wherein
10

atleastone of citricacid and oxalicacid isusedin
the coolant system reduction process, at least
one of permanganic acid and potassium per-
manganate is used in the coolant system oxida-
tion process, 15
atleast one of citric acid and oxalic acid is usedin
the coolant system additional reduction pro-
cess,
a decontamination target in the coolant system
reduction process includes iron oxide, and 20
a decontamination target in the coolant system
oxidation process includes chromium oxide.
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FIG. 3

First system water temperature adjustment
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Moderator system reduction process
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FIG. 4

Second system water temperature adjustment }~—5210
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Coolant system reduction process ~~—S220
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Coolant system oxidation process ~—S230

j

Coolant system additional reduction process ~—S240
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Coolant system waste liquid treatment process f~—5250
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FIG. 5

Oxide film removal rate(%)
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FIG. ©

Oxide film removal rate(%)
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