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Description

[0001] The presentinvention concerns the processing
of radioactive liquid effluents of a nuclear power reactor.
[0002] More precisely, the present invention concerns
according to a first aspect a method for processing radi-
oactive liquid effluents of a nuclear power reactor.
[0003] In a known method depicted on figure 1, differ-
ent processes are implemented, according to the type of
liquid effluent to be treated. The liquid effluents known
as "Process drains" are treated by a demineralization
process 10 and transferred to a storage tank 12 for radi-
oactivity and chemical content analysis. If the effluents
satisfy all environmental requirements, they are released
to the environment. The liquid effluents known as "Floor
drains" are treated by a filtration process 14 and then
sent to the storage 12 for control and release to the en-
vironment. The liquid effluents known as "Chemical ef-
fluents" are submitted to an evaporation process 16. The
distillate is sent to the storage 12 for control and release
to the environment. The concentrate is solidified.
[0004] The demineralization process 10, the filtration
process 14 and the evaporation process 16 are imple-
mented in a facility known as TEU, which is shared by
several nuclear reactors of the power plant.

[0005] The method depicted on figure 1 is satisfactory
but generate secondary waste such as spent filter media
and spent adsorption media. Other processes for liquid
effluent treatment may even generate additionally spent
membranes..

[0006] One possible solution for reducing secondary
waste volume is processing all the radioactive spent lig-
uid effluents through an evaporator having a high puirifi-
cation performance (decontamination factor). The distil-
late is released to the environment after chemical and
radioactivity content control. Considering the decontam-
ination factor required for the evaporator and the through-
put, the equipment required for implementing the evap-
oration process are large, especially high.

[0007] A particular problem arises when regulatory lim-
its for releasing the distillate to the environment are up-
dated and made harsher. In such a case an increased
height of the purification column of the evaporator and
thus anincreased performance will be limited by the given
dimensions of the compartments where the evaporation
system is installed.

[0008] The object of the present invention is accord-
ingly to provide a method for processing radioactive liquid
effluents of a nuclear power reactor, that generates a
reduced volume of secondary waste, and such thata part
of the major process equipment for implementing the
method can be accommodated in an existing building.
[0009] To achieve that goal, the invention is directed
to a method for processing radioactive liquid effluents of
a nuclear power reactor, the method comprising the fol-
lowing steps:

- obtaining a first batch of radioactive liquid effluents;
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- submitting the first batch to a first evaporation step
and producing a first distillate and a first concentrate,
the first evaporation step bringing given chemical
species and/or radioactivity concentrations in the
first distillate in respective predetermined ranges;

- submitting the first concentrate to a second evapo-
ration step and producing a second distillate and a
second concentrate;

- recycling the second distillate at the first evaporation
step or upstream.

[0010] The basic idea of the invention is therefore to
divide the evaporation process in two steps: a first evap-
oration step for purifying the spent liquid effluents and
generating a distillate that can be released to the envi-
ronment, and a second evaporation step for concentrat-
ing the waste for which even a lower decontamination
factor can be feasible / acceptable. The predetermined
ranges forthe given chemical species and/or radioactivity
concentrations in the first distillate are chosen to allow
the release of the first distillate to the environment. Said
final concentrations are as high as possible, but lower
than the regulatory limits permitting release of the first
distillate to the environment.

[0011] The volume of the first concentrate at the end
of the first evaporation step is chosen rather high, since
the first concentrate is submitted subsequently to a sec-
ond evaporation step, allowing for a further volume re-
duction.

[0012] As aconsequence, itis not necessary to use at
the first evaporation step an equipment having multiple
purification stages for the first distillate, in order to bring
said given chemical species and/or radioactivity concen-
trations in the first distillate in the selected respective
predetermined ranges. Indeed, the chemical species and
radioactivity concentrations in the first concentrate at the
end of the first step of evaporation are moderate. As a
consequence, the chemical species and radioactivity
concentrations in the first distillate at the end of the first
step of evaporation are moderate as well and no exten-
sive purification is required.

[0013] Accordingly, the equipment used for the first
evaporation step has a reduced number of purification
stages for the first distillate and is less cumbersome. Its
height is reduced, and is for example below 8 m.
[0014] By radioactivity, it is understood here either the
total radioactivity (without tritium), or the sum of the ra-
dioactivity of only a few radionuclides, as a function of
the regulation of the area where the nuclear power reac-
tor is located. Alternatively, the radioactivity of several
radionuclides can be considered individually, a specific
predetermined range being assigned to each radioele-
ment. For chemical species, a specific range is for ex-
ample associated to each chemical specie or group of
chemical species.

[0015] The method may as well presents the following
features, considered alone or in combination:
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- theradioactivity concentration predetermined range
in the first distillate is comprised between 50 and
5.103 Bg/l.

- the decontamination factor for radioactivity between
the first distillate and the spentliquid effluentsis com-
prised between 5.102 and 5.103 at the end of the of
the first evaporation step.

- the second concentrate is transferred to a solid
waste conditioning unit and is submitted to a solidi-
fication treatment.

- the solidification treatment comprises a step of dry-
ing and /or a step of immobilization of the second
concentrate.

- the second concentrate is submitted to a third evap-
oration step, producing a third concentrate and a
third distillate, the third distillate being recycled at
the first evaporation step or upstream.

- the radioactive liquid effluents have a radioactivity
higher than 106 Ba/l.

[0016] According to a second aspect, the invention is
directed to a facility for processing radioactive liquid ef-
fluents of a nuclear power plant, the facility comprising
the following units:

- one or several unit for storing a first batch of radio-
active spent liquid effluents;

- one or several first evaporation unit for submitting
the first batch to a first evaporation step and produc-
ing a first distillate and a first concentrate, the first
evaporation step bringing given chemical species
and/ or radioactivity concentrations in the first distil-
late in respective predetermined ranges;

- oneorseveralsecond evaporation unit for submitting
the first concentrate to a second evaporation step
and producing a second distillate and a second con-
centrate;

- one or several unit for recycling the second distillate
at the first evaporation step or upstream.

[0017] The facility may as well presents the following
features, considered alone or in combination:

- thefirstevaporation unitis located in an effluent treat-
ment building comprising effluent treatment equip-
ment dedicated to other nuclear power reactors.

- the first evaporation unit has a purification column
having a height of less than 8 meter.

[0018] Other features and advantages will be de-
scribed below, by way of example only, with reference
to the accompanying drawings, in which:

- figure 1is a process diagram depicting a method for
processing radioactive liquid effluents of a nuclear
power reactor according to the state of the art; and

- figure 2 is a process diagram depicting the method
for processing radioactive liquid effluents of a nucle-
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ar power reactor according to the invention.

[0019] The process depicted on figure 2 is for process-
ing radioactive liquid effluents of a nuclear power reactor.
Said liquid effluents are of different types and come from
different sources.

[0020] The so-called "Process drains" come for exam-
ple from the primary and secondary cooling loops. They
have a low salt content, except for boron. The so-called
"Chemical effluents" come for example from the regen-
eration of spent resins. They have a high salt content.
The so-called "Floor drains" come for example from proc-
ess liquids leaks or from liquid used for floor cleaning.
[0021] The process is actually intended to process all
kinds of liquid effluents generated in the nuclear power
reactor.

[0022] For example, the liquid effluents treated by the
process have a radioactivity higher than 108 Bg/l, for ex-
ample comprised between 108 Bg/l and 108 Bq/l, espe-
cially between 107 Bg/l and 5.107 Bg/l.. However, liquid
effluents having a lower or higher radioactivity can be
processed according to the invention as well.

[0023] The chemical species contentofthe spent liquid
effluents varies from one batch to another batch, and
depends on the type of the nuclear power reactor as well
as from the source (e.g. process drains, chemical drains,
floor drains).

[0024] Asdepicted onfigure 2,the method for process-
ing radioactive liquid effluents comprises the following
steps:

(18) obtaining a first batch of radioactive liquid efflu-
ents;

(20) submitting the first batch to a first evaporation
step and producing a first distillate and a first con-
centrate, the first evaporation step bringing given
chemical species and/ or radioactivity concentra-
tionsin the first distillate in respective predetermined
ranges;

(22) submitting the first concentrate to a second
evaporation step and producing a second distillate
and a second concentrate;

(24) recycling the second distillate at the first evap-
oration step (20) or upstream;

[0025] The first batch is received and stored in a stor-
age tank. After analysis, for example for assessing the
chemical content and the radioactivity level of a number
of given radionuclides, the first batch is fed to the first
evaporation step 20.

[0026] The first evaporation step is carried out typically
in a fed batch fashion. The liquid effluents are continu-
ously fed into an evaporation equipment, with no extrac-
tion of the concentrate. The liquid effluents are heated,
so that a vapor phase is evaporated and the liquid efflu-
ents form the first concentrate. As a part of the first evap-
oration step, the vapor phase passes through several
purification stages, for example in a purification column,
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and forms the first distillate at the exit of the purification
stages. At each purification stage, a part of the residual
chemical species and of the residual radioactivity is sep-
arated from the vapor phase.

[0027] The concentration of chemical species and of
radioactivity increases in the first concentrate as the va-
por phase progressively evaporates. In a parallel man-
ner, the concentration of chemical species and of radio-
activity increases in the first distillate. The first evapora-
tion step is stopped at a point selected or given as dis-
charge limit by the related national authorities, so that
the given chemical species and/ or radioactivity concen-
trations in the first distillate are in their respective prede-
termined ranges.

[0028] Said point is determined by following the com-
position of the first concentrate, for example by periodi-
cally sampling and analyzing the first concentrate, to de-
termine the solid dissolved and non-dissolved in the first
concentrate or the radioactivity concentration in the first
concentrate. Alternatively, said point is determined by
following the composition of the first distillate coming out
of the purification stages, for example by periodically
sampling and analyzing the first distillate or by means of
acontinuous measurement, to determine given chemical
species concentrations in the first distillate or the radio-
activity concentration in the first distillate.

[0029] Atstep 26, thefirstdistillate is collectedin a tank
and submitting to chemical and radiological analysis to
assess whether regulatory requirements are satisfied. If
the regulatory requirements are satisfied, the first distil-
late is discharged to the environment, for example in the
sea, a lake or ariver.

[0030] The radioactivity predetermined range in the
first distillate is chosen to allow for a release of the first
distillate to the environment. Typically, it is comprised
between 10 and 5.103 Bq/l, for example between 20 and
2000 Bg/l. Typicallyitis possible to achieve distillate con-
centration between 20 and 100 Bg/l or even lower values.
[0031] The decontamination factor for radioactivity be-
tween the first distillate and the liquid effluents is com-
prised between 5.102 and 5.103 at the end of the of the
first evaporation step, preferably between 1000 and
2000. The decontamination factor depends on the per-
formance required for the purification stages. The exam-
ples given here correspond to a specific design case.
The decontamination factor could be lower or higher than
those indicated above. The decontamination factoris the
ratio between the radioactivity of the first distillate and
the radioactivity of the liquid effluents. Said decontami-
nation factor is not very high and is normally assured by
the transfer of the liquid phase to the vapor phase. In the
purification stages of the first evaporation unit entrained
droplets are removed form the vapor thus ensuring an
effective purification. Considering that the radioactivity
concentration in the first distillate is chosen to be as high
as possible - while remaining below the regulatory limits
for release to the environment - it means that the volume
reduction at the first evaporation step is not very high.
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[0032] The second evaporation step 22 is carried out
in a fed batch fashion. The throughput at the second
evaporation stage is much smaller than the throughput
at the first evaporation stage, since the ratio between the
volume of the first concentrate and the volume of the first
batch of radioactive spent liquid effluents may be for ex-
ample less than 1 /6 or even less than 1/60.

[0033] Thesecondevaporation step allows for a further
volume reduction. The first concentrate is continuously
fed into an evaporation equipment, with no extraction of
the concentrate. The first concentrate is heated, so that
the first concentrate is further concentrated and form the
second concentrate. As a part of the second evaporation
step, the vapor phase passes through one or several
purification stages, for example in a demister or typical
purification stages like e.g. sieve bottoms or packed col-
umns, and forms the second distillate at the exit of the
purification stages.

[0034] At step 24, the second distillate is recycled, for
example into the storage tank(s) receiving the batches
of spent liquid effluents to be fed to the first evaporation
step. It is mixed with a second batch of radioactive spent
liquid effluents. The second distillate and the second
batch mixed together are submitted to the first and sec-
ond evaporation steps 20, 22. Alternatively the second
distillate can be also recycled directly at the first evapo-
ration stage without mixing with the second batch.. It can
be recycled as well at any other point upstream the first
evaporation step.

[0035] At step 28, the second concentrate is trans-
ferred to a solid waste conditioning unit and is submitted
to a solidification treatment. It is treated according to the
corresponding national norms and standard.

[0036] The solidification treatment comprises for ex-
ample a step of drying. Drying is advantageous since it
allows a further volume reduction. Drying is for example
performed in-drum. The second concentrate is filled into
one or several drums, and the drum is externally heated.
The liquid evaporates, will be condensed and is returned
to the liquid effluent storage tanks for treatment by the
mentioned evaporation system. After removing a part of
the liquid in the drum, more second concentrate is feed
to the drum and the liquid will be also evaporated. This
process is continued until in the drum remains a solid
block of salts and corrosion products. This drum then,
according to related national requirements may be
packed e.g. into a a High Integrity Container (HIC) or
disposed in a deep geological repository.

[0037] Alternatively, the solidification treatment com-
prises a step ofimmobilization of the second concentrate.
The step of immobilization of the second concentrate
comprises for example immobilizing the second concen-
trate in a concrete matrix.

[0038] In the case huge amounts of second concen-
trates are produced, due to nuclear power plant design,
optionally the second concentrate is submitted to a third
evaporation step 30, producing a third concentrate and
a third distillate. The third distillate is for example mixed
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with a third batch of radioactive spent liquid effluents.
The third distillate and the third batch mixed together are
submitted to the first and second evaporation steps 20
and 22. Alternatively, the third distillate can be also re-
cycled directly at the first evaporation stage without mix-
ing with the third batch.. It can be recycled as well at any
other point upstream the first evaporation step.

[0039] More than three evaporation steps could be im-
plemented, as a function of the liquid effluents throughput
and composition.

[0040] The step 30 is depicted in dotted lines on figure
2.

[0041] The invention is directed as well to a facility for
processing radioactive liquid effluents of a nuclear power
plant, the facility comprising the following units:

- one or several unit 18 for storing a first batch of ra-
dioactive spent liquid effluents;

- oneor severalfirst evaporation unit 20 for submitting
the first batch to a first evaporation step and produc-
ing a first distillate and a first concentrate, the evap-
oration step bringing given chemical species and/ or
radioactivity concentrations in the first distillate in re-
spective predetermined ranges;

- one or several second evaporation unit 22 for sub-
mitting the first concentrate to a second evaporation
step and producing a second distillate and a second
concentrate;

- one or several unit 24 for recycling the second dis-
tillate at the first evaporation step or upstream.

[0042] Said facility is adapted for implementing the
process described above. As a consequence, the units
of the facility and the steps of the process are referenced
using the same reference numbers.

[0043] If the quantity of liquid effluents to be processed
is high, the facility can include several storage units 18.
[0044] Typically, the facility further includes a unit 26
adapted for collecting the first distillate in a tank and sub-
mitting the first distillate to chemical and radiological anal-
ysis to assess whether regulatory requirements are sat-
isfied. The unit 26 is adapted for discharging the first dis-
tillate to the environment, for example in the sea, if the
regulatory requirements are satisfied.

[0045] Typically, the facility further includes a solid
waste conditioning unit 28 and means for transferring the
second concentrate to said unit 28. The solid waste con-
ditioning unit 28 is adapted to submit the second concen-
trate to a solidification treatment.

[0046] The solidification treatment comprises for ex-
ample drying or immobilizing the second concentrate.
Drying is advantageous since it allows a further volume
reduction. Drying is for example performed in-drum. The
second concentrate is filled into one or several drums,
and the drum is externally heated. The liquid evaporates,
will be condensed and is returned to the liquid effluent
storage tanks for treatmentby the mentioned evaporation
system. After removing a part of the liquid in the drum,
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more second concentrate is feed to the drum and the
liquid will be also evaporated. This process is continued
until in the drum remains a solid block of salts and cor-
rosion products. This drum then, according to related na-
tional requirements may be packed e.g. into a a High
Integrity Container (HIC) or disposed in a deep geological
repository.

[0047] Alternatively, the solidification treatment com-
prises a step ofimmobilization of the second concentrate.
The step of immobilization of the second concentrate
comprises for example immobilizing the second concen-
trate, typically in a cement matrix.

[0048] The first and second evaporation units each
comprise an evaporation device arranged for working in
a fed batch fashion. The evaporation device of the first
unit includes an evaporator and a purification stage e.g.
separation trays or packed columns or demisters. The
spentliquid effluents is continuously received and heated
in the evaporator, so that a liquid phase is evaporated
and the liquid effluents form the first concentrate. The
vapor phase coming from the evaporator passes through
the purification stage, and is submitted therein to one or
several purification stages. The vapor phase is con-
densed and forms the first distillate at the exit of the pu-
rification stages. The evaporation device of the second
unit is of similar type.

[0049] Ifthe quantity of liquid effluents to be processed
is high, the facility can include several first and/or second
evaporation units, arranged in parallel to one another.
[0050] Advantageously, the first evaporation unit 20 is
located in an effluent treatment building comprising ef-
fluent treatment equipment dedicated to one or more nu-
clear power reactors..

[0051] The purification stage of the first evaporation
unit has a height of less than 8 meter, for example of
about 5 meters, and can be accommodated in the effluent
treatment building as a consequence.

[0052] The recycling unit 24 includes means to recycle
the second distillate, for example into the storage tank(s)
receiving the batches of spent liquid effluents to be fed
to the first evaporation step. Alternatively the means are
adapted to recycle the second distillate directly at the first
evaporation stage without mixing with the second batch.
The distillate can be recycled as well at any other point
upstream the first evaporation step.

[0053] Optionally, the facility includes a third evapora-
tion unit 30, adapted for submitting the second concen-
trate to a third evaporation step and producing a third
concentrate and a third distillate. The third evaporation
unit 30 preferably comprises means for mixing the third
distillate with a third batch of radioactive spent liquid ef-
fluents in the storage tanks of unit 18. Alternatively, said
means are arranged for recycling the third distillate at the
first evaporation stage without mixing with the third batch.
It can be recycled as well at any other point upstream
the first evaporation step.

[0054] The third evaporation unit 30 includes for ex-
ample a thin film evaporator. (preferable solution as the
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solid concentration is already very high!)

[0055] The second evaporation unit is for example de-
signed for a throughput which is 5 to 50 times lower than
the throughput of the first evaporation unit.

[0056] As an example, the first evaporation step proc-
esses liquid effluents having a radioactivity concentration
of 1.85 107 Bq/l. At the end of the first evaporation step,
the first distillate has a radioactivity concentration of 1000
Bq/l, and the first concentrate a radioactivity concentra-
tion of 109 Bq/l. The first distillate is discharged to the
sea. At the end of the second evaporation step, the sec-
ond distillate has a radioactivity concentration of 107 Bq/I,
and the second concentrate a radioactivity concentration
of 1.85 1010 Bgy/I.

[0057] As asecond example, the first evaporation step
processes spent liquid effluents having a radioactivity
concentration of 1.85 107 Bg/I. Atthe end of the first evap-
oration step, the first distillate has a radioactivity concen-
tration of 100 Bqg/l, and the first concentrate a radioactivity
concentration of 108 Bqg/l. The first distillate is discharged
to the sea. At the end of the second evaporation step,
the second distillate has a radioactivity concentration of
106 Bq/l, and the second concentrate a radioactivity con-
centration of 1.85 1010 Bg/l.

[0058] The examples mentioned above refer to design
conditions. For real operational conditions the mentioned
activity concentrations might be lower. Nevertheless, the
same principle is applicable.

Claims

1. Method for processing radioactive liquid effluents of
a nuclear power reactor, the method comprising the
following steps:

(18) obtaining a first batch of radioactive liquid
effluents;

(20) submitting the first batch to a first evapora-
tion step and producing a first distillate and a
first concentrate, the firstevaporation step bring-
ing given chemical species and/ or radioactivity
concentrations in the first distillate in respective
predetermined ranges;

(22) submitting the first concentrate to a second
evaporation step and producing a second distil-
late and a second concentrate;

(24) recycling the second distillate at the first
evaporation step (20) or upstream.

2. Method according to claim 1, characterized in that
the radioactivity concentration predetermined range
in the first distillate is comprised between 50 and
5.103 Bqg/l.

3. Method according to claim 1 or 2, characterized in
that the decontamination factor for radioactivity be-
tween the first distillate and the spent liquid effluents
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10.

is comprised between 5.102 and 5.103 at the end of
the of the first evaporation step (20).

Method according to anyone of the preceding claims,
characterized in that the second concentrate is
transferred to a solid waste conditioning unit (28) and
is submitted to a solidification treatment.

Method according to claim 4, characterized in that
the solidification treatment comprises a step of dry-
ing and /or a step of immobilization of the second
concentrate.

Method according to anyone of the claims 1 to 3,
characterized in that the second concentrate is
submitted to a third evaporation step (30), producing
a third concentrate and a third distillate, the third dis-
tillate being recycled at the first evaporation step (20)
or upstream.

Method according to anyone of the claims above,
characterized in that the radioactive liquid effluents
have a radioactivity higher than 106 Bg/I.

Facility for processing radioactive spent liquid efflu-
ents of a nuclear power plant, the facility comprising
the following units:

- one or several unit (18) for storing a first batch
of radioactive spent liquid effluents;

- one or several first evaporation unit (20) for
submitting the first batch to a first evaporation
step and producing a first distillate and a first
concentrate, the first evaporation step bringing
given chemical species and/ or radioactivity con-
centrations in the first distillate in respective pre-
determined ranges;

- one or several second evaporation unit (22) for
submitting the first concentrate to a second
evaporation step and producing a second distil-
late and a second concentrate;

- one or several unit (24) for recycling the second
distillate at the first evaporation step or up-
stream.

Facility according to claim 8, characterized in that
the first evaporation unit (20) is located in an effluent
treatment building comprising effluent treatment
equipment dedicated to other nuclear power reac-
tors.

Facility according to claim 8 or 9, characterized in
that the first evaporation unit (20) has a purification
column having a height of less than 8 meter.
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