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PURIFICATION OF DRAIN WATER
AND DISTILLATION RESIDUE FROM ORGANIC COMPOUNDS,
TRANSURANIC ELEMENTS, AND URANIUM
AT THE CHORNOBYL NPP

The research deals with the purification of drain water and distillation residue from organic (polymeric) compounds,
transuranic elements, and uranium. The pretreatment method with the use of Sizol type coagulant-flocculant and catalytic
oxidation with hydrogen peroxide and ultrafiltration has been proposed. This method prevents the evaporator coking by
dust-suppressor and other organic substances vulcanized by heating. The removal of alpha-emitting radionuclides results
in the increasing safety of the nuclear power plant operation.
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The problem of liquid radioactive waste (LRW)
is highly relevant for the Chornobyl NPP. At the
Chornobyl NPP, the scheme for LRW treatment
is optimized in accordance with the Joint Con-
ventiononthe Safety of Spent Waste Management
and on the Safety of Radioactive Waste Manage-
ment. Thankstotheassistance of the International
Atomic Energy Agency (IAEA), at the Chornobyl
NPP, there has been established a pilot plant to
address the problem of LRW primary treatment
from organic polymeric compounds and transu-
ranic elements (TRU) for subsequent processing
at the existing facilities of Chornobyl NPP chem-
ical plant or at the LRW retreatment plant that is
under construction now. Currently, over 20 000
m? of liquid radioactive waste residue have been
accumulated at the Chornobyl NPP. The aux
evaporators located at the chemical plant and at
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the LRW treatment plant are designed in different
ways: at the chemical plant the auxiliary evapora-
tor can be repaired by cleaning its interior surface
from the cured polymer deposits, whereas at the
newly built plant the design of auxiliary evapora-
tor does not provide for any similar repair.

The repair works can result in the suspension
of process flows. The interaction of man-made
and natural waters with fuel-containing materi-
als at the Shelter facility of Chornobyl NPP leads
to the formation of radioactive water. The Shelter
facility is a complex of protective structures over
the inactive 4 reactor destroyed by the man-
made disaster. The Shelter’s water contain gam-
ma-, beta-, and alpha-emitters, including Pu, Am,
Cm, U, and other radionuclides. In addition, they
bear the components of dust-suppressive emul-
sion used at the Shelter facility, namely, a poly-
meric compound OP-7 (a siloxane-acrylate bind-
er and a nonionic surfactant), glycerol, oxalic,
oleic, and oxyethylenediphosphonic acids, as well
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as ethyl alcohol. This radioactive water falls into
the special drainage system of the 3" reactor main
building where it is mixed with drain water. Fu-
rther, as the mixed water accumulates, it is trans-
ported to the facilities of Chornobyl NPP for be-
ing evaporated to the maximum salt concentra-
tion. The concentration of organic compounds in
these water is 0.4—0.6 g/dm? while dichromate
oxidation factor (COD, chemical oxygen demand
index) reaches 2000-3500 mg O,/dm?. For fur-
ther treatment of LRW by evaporation the con-
tent of organic matter in radioactive water should
be reduced to COD < 200 mg O,/dm?, whereas
the volumetric activity of alpha emitters should
be at the level of <370 Bq/dm?.

The world practice lacks in experience in treat-
ing LRW arising from man-made nuclear acci-
dent. There exists a method for oxidative purifi-
cation of LRW distillation residue at the Lenin-
grad NPP hydrogen by peroxide and potassium
permanganate to reduce the content of organic
compounds [1]. The ferrocyanide sorbent is used
to reduce the activity of radionuclides ** ¥7Cs
and %°Co. For more complex systems containing
many various organic (polymeric) compounds
and a significant amount of alpha-emitting nu-
clides, no data on effective ways to reduce the
content of organic matter and TUE have been
available.

As part of work on LRW treatment, the studies
have been carried out to prove promising applica-
tion of coagulation, catalytic oxidation by hydro-
gen peroxide, and membrane technique for re-
moval of organic compounds and radionuclides.

The advantages of coagulation method are as
follows:

1) Low cost of cleaning; 2) simplicity of the
equipment used; 3) possibility to remove organic
substances and radionuclides in ionic and colloi-
dal phases; 4) saline waste treatment option [2].

THE EXPERIMENT

The activity of gamma-emitting nuclides *’Cs
and ?"'Am was measured on gamma-spectromet-
ric complex consisting of a fine germanium semi-
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conductor detector GL2020R manufactured by
CANBERRA with a resolution of 0.57 keV for
gamma rays energy of 122 keV (¥’Co gamma line)
and a CANBERRA 16 000-channel pulse-height
analyzer. The full scale covers the range from 10
to 1400 keV. The detector has a 500-micron thick
beryllium window. The minimum measurable ac-
tivity for the measurement geometry on gamma
line of 59 keV is equal to 0.03 Bq/sample for
21Am, and 0.4 Bg/sample for ¥’Cs (661.6 keV).
The instrumental spectra were processed using
the GENIE-2000 program by the algorithms con-
tained in the program.

9Sr was separated by the extraction chromato-
graphic method. The PTFE 4 powder impregnat-
ed with a solution of 0.4 mol/dm? ether dicyclo-
hexyl-18-crown-6 in chloroform was used as car-
rier. Chemical yield of strontium was 90-95%.

The activity of **Sr was measured using a beta-
radiometer RUB-01P consisting of a measuring
device UI-38P1 with a detection unit BDZHB-
06P1. The minimum measurable activity of *Sr
during exposure of 1800 second was 0.7 Bq (for
flat samples). The error strontium activity meas-
urement was + 25% at P = 0.95. Uranium, pluto-
nium, and americium were detected by alpha-
spectrometry after the ion exchange separation
[3]. Uranium and plutonium were concentrated
and separated on anion exchanger AB-17-8 in Cl-
form obtained from 9 mol /dm? of HCI.

Americium and curium were purified by step-
wise elution from cation exchange column (KU-
2—8in NH, — form) by a-hydroxyisobutyric acid
with pH = 4.75. To determine the chemical yield
of uranium, plutonium, and americium the tags
2327 242Py, and *’Am were introduced. The al-
pha-spectrometric measurements were made us-
ing an eight-channel alpha spectrometer manu-
factured by EG&G ORTEC OCTETE PC with
silicon semiconductor detectors of BU-017-450-
100 ULTRA series having a detection efficiency
of 25% at a distance of 12 mm from the source.
The background for energies above 3 MeV did
not exceed 1 impulse / hour. Mass concentration
of uranium in water was set by the photometric
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method in the form of uranyl complex with arse-
nazo III [4].

The content of organic (polymeric) substances in
the original solution and in the filtrate was deter-
mined by bichromate oxidizability technique [5].

DRAIN WATER PURIFICATION FROM
ORGANIC COMPOUNDS, TRANSURANIC ELEMENTS,
AND URANIUM

The sizol group preparations (hereinafter refer-
red to as «sizol») are highly effective aluminum
and silicon bearing agents which provide the most
integrated purification as compared with the oth-
er known coagulants due to more complete floc-
culation at a much higher speed of its course [6].

The coagulants are compounds capable of be-
ing hydrolyzed in water and forming various
high-absorbing structures. Colliding with flakes
of hydrolyzed coagulant the colloidal particles of
dirt are adsorbed by them or mechanically cap-
tured by loose flake aggregates and precipitate
together. In addition to the adhesion of colloidal
particles, the molecular absorption of organic im-
purities, as well as the chemisorption may occur
on the flake surface. Completeness and rate of
water clarification depends on the properties of
the coagulant and the contaminants.

The considered substances intensify the separa-
tion of suspensions into solid and liquid phases and
improve the quality of filtration or sedimentation.

When sizol is introduced to water during puri-
fication, as a result of sizol dilution there are cre-
ated the conditions for raising pH and forming
colloidal aluminum hydroxide that possesses a
huge active surface. The polluting particles are
absorbed on the surface through precipitation.
The silica sol particles act as condensation nuclei
for aluminum hydroxide coagulating sols and
promote faster growth of their particles. In other
words, the silica sol is a sort of flocculant that sig-
nificantly accelerates coagulation. Furthermore,
the presence of silica sol in reagent causes the for-
mation of aluminum hydroxide at lower pH.

We have studied the possibility of creating an
effective process for the purification of the Shelter

facility radioactive waters from organic compo-
unds and uranium simultaneously reducing the
share of secondary waste. The objects of the study
were the waters containing salts, surface-active
agents (surfactants), film-forming and complex-
ing agents, mineral oils, other organic compounds
and products of their degradation. The uranium
content has been measured for two samples: it is
equal to 12 and 34 dm? their pH ranges within
9.63-9.18.

The influence of pH and amount of sizol added
(6.5% solution by weight) on COD, uranium con-
centration in filtrate and on weight (share) of dry
sludge is illustrated in Table 1 [7, 8]. On the addi-
tion of 20-30 ml of sizol having a pH of 7.6 at a
temperature of 30 °C to 1 dm? of radioactive wa-
ter from the Shelter facility with uranium content
of 12 dm?® the following indicators have been re-
ported: COD decreases from 2500 to 270—-320 mg
O,/dm?; purification effectiveness makes up 87—
89%; uranium concentration falls to 2.7-2.8 dm?
at purification effectiveness of 76—77%; dry resi-
due weight amounts to 0.359-0.371 g in the case
of clarification on filter paper and on membrane
(with a pore size of 0.2 micron), whereas the share
of dry residue accounts for 0.0359-0.0371% of
original water weight.

Similar data were obtained also for clarifica-
tion of radioactive water from another premise of
the Shelter facility. On the addition of 20—-30 ml of
sizol at a temperature of 10—20 °C to 1 dm? of ra-
dioactive water with uranium content of 34 mg /
dm? the following data have been obtained: COD
decreases from 2100 to 35-40 mg O, /dm*for pu-
rification effectiveness of 98%; uranium concen-
tration falls to 9.2-9.5 dm? at purification effec-
tiveness of 72-73%; dry residue weight amounts
to 0.300-0.305 g, whereas the share of dry resi-
due accounts for 0.0300—0.0305% of original wa-
ter weight.

These data obtained with the use of sizol have
been compared with the other data received ear-
lier for the Shelter facility [7, 8].

The same radioactive water samples were trea-
ted with lime milk having a pH of 10—11 and then
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with solution of FeCl, (600 mg) and with poly-
acrylamide solution (0.6 mg). As the treated
sample settled for 1 day the weight content of or-
ganic matter in thickened suspension amounted
to 1100-1400 mg O,/dm? at a purification effec-
tiveness of 43—52%. Uranium concentration in
the clarified water decreases from 12—34 to 7.0—
21 dm?® at a purification effectiveness of 39—42%,
and the share of dry residue extracted by filtra-
tion of clarified water through a filter paper makes
up 0.52—0.58% of original water weight.

The new method for radioactive water purifi-
cation proposed herein has considerable advan-
tages as compared with the known technique. It
gives a significantly greater effectiveness of puri-
fication from organic compounds, including the
polymer products (siloxane-acrylate binder and
other hard-to-remove substances: ionic sur-
factants, mineral oils, and other compounds) and
uranium at a lower sizol consumption.

A significant advantage of using sizol is decrea-
sing share of secondary waste (dry residue weight).

At the next stage of research, three samples of
radioactive water from the Shelter premises were
treated with coagulant flocculant sizol (6.5% so-
lution) having a pH of 6—7. The optimum amount
of sizol, 20—-30 ml per 1 dm? of LRW, was added.
Then, the filtrate sample was catalytically oxi-
dized by hydrogen peroxide. The samples were
heated to 70—80 °C, with iron sulfate (IT) and hy-
drogen peroxide being added while stirring. The
molar ratio of H,O, to organic substance account-
ed for 1:1, while that to Fe?" was equal to 50:1.
The oxidation time was 1 hour [9].

Tables 1-3 give the results of integrated treat-
ment of original radioactive water samples. The
comparison of data from these Tables shows that
the use of method comprising the treatment with
sizol, the catalytic oxidation by hydrogen perox-
ide, and the subsequent ultrafiltration leads to a
significant decrease in the content of polymeric,
other hard-to-remove organic substances, TRU,
and uranium and substantially reduces the amount
of secondary waste [9]. At the final stage, the pi-
lot tests of developed method for purifying the
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Shelter radioactive water have been conducted at
the chemical plant of Chornobyl NPP.

The effectiveness of techniques for purification
from organic (polymer) materials, including the
dust-suppressive emulsion (siloxane-acrylate
binder), as well as TUE and uranium has been de-
termined [9].

The pilot plant has the LRW consumption (V =
=300 dm?), the precipitation (V =300 dm?), and
the accumulation (V = 150 dm?®) containers. The
plantis provided with metering and transfer pumps
and with stop and control valves for dispensing
the reagents. It has mixing devices as well as fil-
ters for pressure, ultrafiltration, and mechanical
purification in different modes. The drain water
from the drain-water tank of the 3™ reactor (sam-
ple BTV-3) and from the room 0005 (sample
0005) was used for the experiment.

This water contain different amount of radio-
active water from the Shelter facility. The follow-
ing reagents were used: hydrogen peroxide, iron
sulfate (IT), and nitric acid. For purifying the ra-
dioactive water the following appliances were
used: a filter cartridge with a filtration surface of
0.08 m? equipped with a membrane filter with a
0.2 micron pore diameter; an ultrafiltration plant
with filtering area of 0.08 m? equipped with a fil-
ter membrane PS-100 made of aromatic polya-
mide with a pore size of 0.08 microns.

During the test, while stirring, sizol (6.5% so-
lution) was added to the drain water at the rate of
10 dm? per 1 m? of water. As the suspension set-
tled, the clarified water was filtered through the

Table 1
Characteristics of Radioactive Water
from the Shelter Facility
Chemical oxygen demand,
mg O,/dm?
Sample AT
. Treated ter,
Original oy catalytic
with sizol 9

oxidation

1 2400 240 40

2 7000 510 30

3 5200 460 40
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cartridge filter or by the ultrafiltration unit. At
the same time, the drain water was purified using
sizol (10 dm?® per 1 m® of water) and by the cata-
lytic oxidation by hydrogen peroxide at a pH of 4.
The molar ratio of H,O, to organic substance was
equal to 1 : 1, whereas that of H,O, to Fe?’made
up 50 : 1. The oxidation lasted 1 hour.

Thereafter, the water was filtered through a
membrane with a pore diameter of 0.2 microns.

The content of organic (polymer) substances
in the original drain water and in the water after
each stage of its treatment was determined on the
basis of COD and activity of alpha emitters. The
results are showed in Table 4 below.

The purification of drain water from organic
substances, including from siloxane-acrylate
binder and from other hard-to-remove substanc-
es using sizol with subsequent ultrafiltration has
proved itself to be highly effective. COD of fil-
trate is 6-40 mg O,/dm? (purification effective-
ness 95.8-99.4%). A significant advantage of the
proposed method is effective removal of TRU:
the activity of 238 239 *200Py decreases by 95.7—
99.8%; that of ' Am falls by 90.5-99.8%; and that

of 2“Sm downs by 94.6-95.7%. The effectiveness
of purification from uranium is 92.1-98.1%.

However, the method has the following disad-
vantage. It has been established that the treatment
of drain water with sizol leads to the formation of
thickened suspension and clarified liquid. The pu-
rification of clarified liquid on a membrane having
a pore size of 0.2 microns is highly effective. At the
same time, the effectiveness of filtration of thick-
ened suspension on the same membrane filter de-
creases 5—7 times. To increase the process effec-
tiveness filter aids have been used [10].

The filter aids are finely dispersed liquid per-
meable materials intercepting the solid particles.
For purification of hard-to-filter suspensions the
filter aids are preliminarily applied to the septum,
which prevents clogging of its pores by particles
of suspension. Before the filtration, the filter aids
are added to the original suspension thereby im-
proving the structure of resulting precipitate and
reducing its resistivity. Among the filter aids,
there are diatomite, perlite, cellulose, wood flour,
asbestos, and mixtures of some of these materials.
When selecting filter aids empirically the re-

Table 2

Content of Radionuclides in Original Samples
of Radioactive Drain Water from the Shelter Facility

S Activity, Bq/dm’ Uranium concentration,
ample ‘ mg/dm?
137CS QOSI- Z38+239+240Pu 2/|1Am 244Cm g
1 9.7 -10¢ 1.9-108 3.3-10° 3.4-10¢ 1.1-108 9.0
2.2-108 2.9-10° 2.2-10° 6.2-10° 1.8-102 21
3 3.6-107 3.0- 107 1.6- 101 5.5-10° 2.0-10¢ 180
Table 3
Content of Radionuclides in Original Samples of Radioactive Drain Water
from the Shelter Facility after Integrated Treatment
Activity, Bq/dm? (purification effectiveness, %) Uranium concentration,
Sample mg/dm? (purification
238+239+240 Py 241 Am 244Cm effectiveness, %)
1 1.3-10%(96.1) 1.6-10° (95.3) 5.9 -10' (94.6) 2.8 (68.9)
2 9.4-10'(95.7) 3.2-10%2(94.8) 9.1-10'(94.9) 0.13(93.8)
3 3.7-10'(99.8) 2.3-101(95.8) 8.6-10%(95.7) 33 (81.7)

20

Science and Innovation. V. 10, no. 3, 2014



Scientific Basis of Innovation Activities

searchers are primarily guided by requirement for
purity of ready filtrate.

In [11], it has been showed experimentally that
the use of wood flour (grades 140 or 180 accord-
ing to GOST 16391-87) can significantly increase
the rate of filtration of thickened suspension and
ensure a highly purified filtrate. Having been fil-
tered the precipitate containing organic (poly-
meric) materials, including siloxane-acrylate
binder and other hard-to-remove substances, in-
soluble salts, oxides of silicon and aluminum,
wood flour, and radionuclides is dried at a tem-
perature of 105 °C and burnt at a temperature
over than 700 °C. This precipitate burns with for-
mation of radioactive aerosols caught by
Petryanov multilayer filters [12]. After the com-
bustion of filtered precipitate the amount of ash
per 1 dm? of drain water is 0.020—0.046 g, while
its weight percentage is 0.002—0.0046% of water.
The Solka-Floc cellulose manufactured by Dicalite
can be used instead of wood powder.

The present study was conducted in 2010—
2011. It shows that the pre-treatment method
with the use of coagulant-flocculant, catalytic
oxidation by hydrogen peroxide, and ultrafiltra-
tion makes it possible to avoid disruptions of the

process on evaporators in the course of drain wa-
ter treatment. The proposed method prevents clo-
gging of evaporators by siloxane-acrylate binder
and other organic substances vulcanized by heat-
ing. The removal of alpha-emitting radionuclides
enhances safety of LRW solidification.

PURIFICATION OF DISTILLATION RESIDUE
FROM ORGANIC COMPOUNDS,
TRANSURANIC ELEMENTS, AND URANIUM

The specific features of distillation residue oxi-
dation treatment from organic compounds, TRU,
and uranium using hydrogen peroxide, potassi-
um permanganate, and ultrafiltration have been
studied [14].

The LRW residue taken for the research has
the following characteristics: organic matter: 7.4—
15 g/dm? COD: 6000-9500 mg O,/dm? inorga-
nic salts: 50-251 g/dm? and pH = 13.1-13.5 [14].

Firstly, the distillation residue was oxidized by a
5% potassium permanganate solution with pH =
= 13.1- 13.5, at a temperature of 70-80 °C dur-
ing 3 hours. Then, the residue’s pH was upped to
4 with the help of nitric acid. Thereafter, the resi-
due was oxidized by a 5% solution of hydrogen
peroxide in the presence of 1 g of FeSO, (as a cat-

Table 4

Integrated Purification of Drain Water at Pilot Plant

COD, mg O, /dm? Act1v1ty,_ Bq/ dm* .(cffc;: tiveness Uranium concentration,
Sample (effectiveness of purification, %) mg/dm?® (effectiveness
of purification, %) 238+2394200Py, A of purification, %)
Original sample BTV-3 280 40 3.4-10% 110
Purified BTV-3, 15t method 80 1.7 76 52
(71.4) (95.9) (97.8) (52.7)
Original sample 0005 960 530 6.3-10° 610
Purified 0005, 1°t method 6—40 0.90—2.6 16—110 12—18
(95.8—99.4) (99.5-99.8) (98.3—99.7) (97.0—-98.0)
Purified 0005, 2" method 14 3.0 6.1-10? 48
(98.5) (99.4) (90.5) (92.1)
Purified 0005, 3" method 18 2.3 13 1
(98.1) (99.6) (99.8) (98.1)

Note. Purification techniques: no.1 treatment with sizol, filtration through a 0.2 micron membrane; no. 2 treatment with

sizol, ultrafiltration through a 0.08 micron membrane; no. 3 treatment with sizol, catalytic purification by

through a 0.2 micron membrane.
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alyst) per 1 dm?® of residue at the same tempera-
ture. This process lasted 1 hour. The oxidation with
potassium permanganate and hydrogen peroxide
on the catalyst led to a decrease in COD from
6000-9500 mg O,/dm? to 18002300 mg O, /dm>.
Table 5 shows the results of oxidation of original
distillation residue using the described method.
The alternative catalytic purification by hydrogen
peroxide (5 wt.%) and potassium permanganate (5
wt.%) with further ultrafiltration leads to a de-
crease in COD from 6000-9500 to 800—2000 mg
O,/dm?, as well as reduces the activity of Pu iso-
topes by 74-87%, that of 2!Am by 94-95%, and
that of 2Cm by 90—95%; the effectiveness of puri-
fication from uranium reaches 94-99% [14].
When the distillation residue is oxidized, the
complex organic compounds with metals decay.
The radionuclides capable of participating in sor-
ption processes transform into the ionic form [1].

Furthermore, iron hydroxides and manganese di-
oxide which are good absorbents for organic com-
pounds and radionuclides are formed in the solu-
tion during purification.

Thus, the effectiveness of pre-treatment of LRW
distillation residue from organic compounds, TRU,
and uranium by permanganate and peroxide oxi-
dation followed by ultrafiltration has been estab-
lished. This is crucial for improving the technique
of distillation residue treatment. The oxidation
method was proposed for the implementation at
the Chornobyl NPP, in 2009. At the final stage of
research, the proposed method for oxidation tre-
atment of residue was tested at a pilot plant [9].
The residue samples (A-201/3) were taken from
tank A-201/3. The following reagents were used:
potassium permanganate, hydrogen peroxide, fer-
ric sulfate (II), and nitric acid. An ultrafiltration
plant with a filtering surface of 0.08 m? equipped

Table 5
Characteristics of Distillation Residue
Subject Activity, Bq/dm? (effectiveness of purification, % ) cgég:rilltlg-
of research 187Cg 90G 238+239+240p U1 A 24Cm tion, mg/dm?
Original distillation
residue 1.9-107 3.2-10¢ 1.6-10% 9.6-10° 4.7-10? 17
Oxidized distillation
residue 1.9-107 (0 %) | 3.0-105(6.3) | 2.3-10%(85.6) | 6.4-10%(93.3) | 9.0-10'(80.9) | 2.4(85.9)
Table 6
Integrated Purification of Distillation Residue at Pilot Plant
L COD, mg O, / dm? Activity, Bq/(ij (effe()ctiveness Uranium concentration,
Dl:t{%hatlon (effectiveiless of purification, %) mg/dm? (effectiveness
esidue of purification, %) 23842394240 Py UAD of purification, %)
Original distillation residue from 2100 180 29-103 6100
A-201/3
Oxidized distillation residue, 1% 1600 (23,8) 170 (5,6) 2,3-10%(20,7) 2600 (57,4)
method
Oxidized distillation residue, 2" 390 (81,4) 36 (80,0) 18 (99,4) 1700 (72,1)
method

Note. Purification methods: no. 1 oxidation by potassium permanganate, ultrafiltration on a 0.08 micron membrane; no. 2
oxidation by potassium permanganate, ultrafiltration on a 0.08 micron membrane, catalytic oxidation by H202, filtration

through a filter paper with a pore size of 3 microns.
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with PS-100 membrane having average pore di-
ameter of 0.08 microns was used to purify the ra-
dioactive water.

In the course of testing the method for purify-
ing the distillation residue from organic (poly-
meric) substances and radionuclides, firstly, the
residue was oxidized with potassium permanga-
nate having a pH = 11.35 at a temperature of 85
°C during 2 hours. As a result thereof, COD de-
creased from 2100 to 1600 mg O,/dm?. The activ-
ity of ' Am in the clarified portion of residue fell
by 20.7%; the effectiveness of purification from
uranium accounted for 57.4%. The resulting oxi-
dized product was filtered by the ultrafiltration
unit. Then, the product underwent catalytic oxi-
dation by hydrogen peroxide in acidic medium
using concentrated nitric acid. This was accom-
panied with intensive formation of CO, as a re-
sult of decomposition of metal carbonates and
bicarbonates. Because of a threat of release of
highly active residue into the premises of Chor-
nobyl NPP chemical plant the catalytic oxidation
by hydrogen peroxide was carried out under lab-
oratory conditions: 300 ml of filtrate was taken
after ultrafiltration and brought up to pH = 3.0.
Then, 11 ml of hydrogen peroxide (34% solution)
and 0.31 g of FeSO, - 7 H,O were added.

The oxidation was carried out at a temperature
of 80 °C during 1 hour. Having been treated with
hydrogen peroxide the oxidized product was filte-
red through a white ribbon filter paper. After oxida-
tion by permanganate and peroxide COD decrea-
sed from 2100 to 390 mg O,/dm?, while the activ-
ity of isotopes significantly weakened: 23+ 23 +210py
by 80.0%, ' Am by 99.4%; the effectiveness of pu-
rification from uranium was 72.1% (Table 6).

CONCLUSIONS

The research on purification of drain water and
distillation residue from organic (polymeric) com-
pounds and alpha-emitting radionuclides: pluto-
nium, americium, curium, and uranium has been
carried out. The experiments were performed
with the use of radioactive water from the Cho-
rnobyl nuclear power plant. The project was im-

Science and Innovation. V. 10, no. 3, 2014

plemented stage by stage, including laboratory
experiments and pilot tests.

A new method of drain water purification has
been offered. It is based on the use of sizol-type
coagulant-flocculant and the oxidation by hydro-
gen peroxide on ferric sulfate (IT) catalyst with
the subsequent ultrafiltration. This method pre-
vents clogging of evaporators by siloxane-acr-
ylate binder and other organic substances vul-
canized by heating. As a result of decrease in con-
tent of alpha-emitting radionuclides, the safety of
LRW solidification improves.

Another important component of research is ex-
periments on purification of LRW distillation re-
sidue from organic (polymeric) compounds and
alpha-emitting nuclides with further oxidation by
potassium permanganate and hydrogen peroxide
on ferric sulfate (II) catalyst and ultrafiltration.

Within the period from 29.10 till 02.11.2012,
the TAEA expert mission visited Chornobyl to com-
plete the technical specifications of the project on
installation of water treatment plant for purifica-
tion of the Shelter radioactive water and liquid ra-
dioactive waste from TRU and organic compounds
to be financed by the European Commission with-
in the framework of U4/01/11-C [15]. The tech-
nical specification provides for preliminary purifi-
cation of the Shelter facility radioactive water from
TUE and dust-suppressive emulsions (siloxane-
acrylate binder) which are supplied to the special
drainage system of the main building of the 3 re-
actor and to the storage of liquid radioactive waste
for subsequent solidification.

The project is based on the assumption that
throughout the period of operation of the plant
(at least, 30 years) the following tasks should be
fulfilled:

1) All the necessary set of operations for ac-
ceptance, characterization, purification of the
Shelter radioactive water from TUE and dust-
suppressive emulsions, as well as the treatment of
radioactive waste remaining after purification of
water and distillation residue;

2) Acceptance and purification of the Shelter ra-
dioactive water from TUE and dust-suppressive
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emulsions at the rate of, at least, 20 m?daily based
on assumed accumulation of controlled and uncon-
trolled leaks at a rate of, at least, 5000 m?® per year;

3) Acceptance and purification of distillation
residue from TUE and dust-suppressive emulsions
at a rate of, at least, 3.5 m®daily assuming that the
capacity of LRW treatment plant is 2.5 m®daily;

4) The purification of the Shelter radioactive wa-
ter and distillation residue should ensure the mi-
nimum possible amount of secondary radioactive
waste not exceeding 5% of the volume purified.

The technical specification does not specify
purification technique. The future contractor is
recommended to familiarize itself with the report
on pilot tests carried out at the Chornobyl NPP
within the period from 2009 to 2012, including
with the results of this research.

The authors hereby thank V.P. Kukhar and A.A.
Klyuchnikoo, the Full Members of NASU, for valu-
able help in carrying out the research on purifica-
tion of drain water and distillation residue from
organic substances and alpha-emitting radionucli-
des; and A.A. Bilyk, Technical Director (Chief Engi-
neer) of State Specialized Enterprise «Chornobyl NPP>
for facilitating the laboratory and pilot tests.
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B.I. Kawxoscokuii, O.B. [lrcyoca

OUMUIIEHHS TPAITHUX BO/I I KYBOBUX
3AJINIIKIB BIJT OPTAHIUHUX CITOJIVK,
TPAHCYPAHOBUX EJIEMEHTIB TA YPAHY
HA YOPHOBUWJIBCHKIN ATOMHIN
EJIEKTPOCTAHILIT

CraTTs nmpucBsYeHa BUBYEHHIO OYMIIEHHST TPAITHUX BOJ
Ta KyOOBHMX 3a/MINKIB Bil OpraHiyHux (I10JiMEpHUX) CIIO-
JIyK, TPAHCYPAHOBUX €JIEMEHTIB i ypaHy. 3arpornoHOBaHO
CI10ci6 MOIEPEHOr0 OUYMIIEHHSI 3 BUKOPUCTAHHIM KOQ-
ryasHTY-(AoKYAAHTY TUIly «Cu30ir», KaTaJiTHYHOTO OKUC-
JIEHHST IEPOKCH/IOM BOJHIO i yJIbTpadibTpaltii. 3a3HaueHuit
croci6 3amobirae 3aKOKCOBYBaHHIO BUTIADHUX arlapaTiB Mu-
JIEPUTHIYYIOUUMU PEYOBUHAMU Ta iHIIUMU OPTaHiTHUMK
CIOJIYKaMU, SIKi BYJIKQHI3yIOTbCS TIPYM HArpiBaHHi. 3a paxy-
HOK BUIQJIEHHST aJib(ha-BUIIPOMIHIOIOUNX PAJIiOHYKJIiIiB Tiji-
BUIIYETHCS PiBEHb GE3MEKH Ha aTOMHII eJIeKTPOCTaHIIii.

Kunwuoei croea: rpansi Boau, kKy6osi sanuuiku, Yopho-
OUIIbCHKA ATOMHA eJIEKTPOCTAHILIS!, OPraHiuHi CIIOJIYKH, TPAH-
CypaHOBi €JIeMEHTH, ypaH.
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JL.U. Pydenxo, B.E. Xan, B.U. Kawxoescxuii, O.B. [ucyxca

OUUCTKA TPAITHBIX BOJI I KYBOBBIX
OCTATKOB OT OPTAHUYECKNX COETMHEHU,
TPAHCYPAHOBDBIX OJIEMEHTOB 1 YPAHA
HA YEPHOBBIJIbCKOM ATOMHOM
SJIEKTPOCTAHIIUU

CraTbs1 OCBsIIIeHa M3YYeHHIO OUYMCTKH TPAITHBIX BOJ 1 K-
GOBBIX OCTATKOB OT OPTraHWYeCKHX (TIOJMMEPHBIX) COEANHE-
HHUI, TPAHCYPAHOBBIX 9JIEMEHTOB 1 ypaHa. [IpezmoskeH crocod
IIPeJIBAPUTEIBHON OYMCTKU C HCIOJIBb30BAHUEM KOATYJISTHTA
(haokyssinTa THIA «CH30I1», KATAIUTUYECKOTO OKUCJICHUS T1e-
POKCHIIOM BOZIOPOZIA M YJIBTPaGUIBTPAIINI. YKA3aHHbBII CITO-
€00 MPEIOTBPAIAeT 3aKOKCOBBIBAHNE BBINAPHBIX AIIAPATOB
IIBLIENIO/IABUTEEM W IPYTUMU OPTaHWYECKUMU BEIECTBAMH,
KOTOpBIe BYJIKAHU3YIOTCSI TIPH HATPEBAHUM. 32 CUeT yIaJIeHHs
ayb(ha-M3JIyYaloNUX PAZUOHYKIIIIOB NOBBIIIAETCS YPOBEHb
6E30IIACHOCTH Ha ATOMHOU 9JIEKTPOCTAHI[HN.

Kntouesvie crnosa: TpallHbl€ BO/IbI, Ky6OBbIe OCTaTKH,
qepHO6bI]IbCKaH aTOMHasl JJIEKTPOCTaHINsA, OpraHn4eCcKue
COeIMHEHMA, TDAHCYPAHOBbBIE 9JIEMCHTDI, yPaH.
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