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ABSTRACT

The Soviet Union established a system of specialized, regional
facilities to dispose of radioactive waste generated by sources
other than the nuclear fuel cycle. The system had 16 facilities in
Russia, 5 in Ukraine, one in cach of the other CIS states, and one
in each of the Baltic Republics. These facilities are still being
used. The major generators of radicactive waste they process
these are research and industial organizations, medical and
agricultural institutons. and other activities not refared to nuclear
power. Waste handled by these facilities is mainly beta- and
gamma- emitting auclides with half lives of less than 30 years.
The long-lived and alpha-emining isotopic comtent is
insignificant.  Most of the radwaste has fow and medium
radioactivity levels. The facilities also handle spent radiation
sources, which are highly radicactive and contain 95-98 per cent
of the activity of all the radwaste buried at these facilities.

INTRODUCTION

Management of radicactive waste generated by medical,
industrial, agricultural. and resecarch institutions (including
universities) is an increasing problem in most countries. This
radwaste dees not include material generated by the nuclear tuel
cvcle, such as from reprocessing. {t normally does not contain
long lived isotopes and consist mainly of elements with
relatively short half lives (the main long lived exception is radium:
" radiation sources). This material can be disposed of and will.
decay to a Jevel near background in about 300 years or less.

Approaches being followed. or proposed. are differeat in various
nations. The United States is anempting to establish regional
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compacts. The technology used, and timing of implementation.
varies in the various countries. Regulations also differ. Disposal
of this material constitutes a problem in nations with auclear
regulatory infraswuctures. Many nations that use radiation
sources for purposes such as medical applications do not have
nuclear infrastructures to regulate or manage the disposal
radwaste or spent radiation sources.

Disposal of spent radiation sources is a significant problem.
There have been at least two significant threats to people and the
environment from incidents involving spent radiation sources -
one in Mexico resulting from improper disposal of a spent cobalt
60 source and one in Brazil resulting from improper dispasal of
a spent cesium 137 source. There are potential problems. In
Afghanistan a leaking spent radium source Is in temporary
storage, with no ability for final safe disposal. Potential probiem
exist in other countries with many sources in temporary Storage.
The large quantity of this waste is a world wide probiem.

Considerable attention has besn focused on nuclear safery
problems associated with Soviet designed nuclear facilities.
Attention is also being given to problems such as contamination
of the Arctic Seas. the waters in the Far East where the Sovier
Pacific Flest was based. and radioactive contamination resulting
frem Soviet nuclear weapons production. Problems associated
with radicactive waste generated by medical. industial.
agricuitural, and research institutions in the former Soviet Unicn
has. to date. recsived little aention. Taers is a general lack of
knowledge abour the technology and facilities used to manags
this type of radicactive waste in the former Soviet Union. Thers
are over 30 vears experiencs in the operztion of these facilities.
Others might profit by studving this sxperiencs.

*This work performed under the auspices of the U.S. Department of Energy. Coatract No. DE-AC02-76CHC0016.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendztion, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Operations are regulated by organizations such as the State
Committee for Surveillance over Nuclear Facilities, the State
Commirttee for Sanitary and Epidemiological Surveillance, the
Ministry of Ecology. and the Ministry of Intemnal Affairs.
Research for operation of the facilities in Russia is provided by
the "RADON™ Research and Production Association.

The major generators of radicactive waste handled by the
"RADON" facilities are various kinds of organizations. i.e.
medical and agricultural institutions, as well as industrial
activities not related to the nuclear power industry. The waste
transported to the "RADON™ facilities contains mainly beta -
and gamma-radionulides with haif life’s of less than 30 years. Its
long-lived alpha-nuclide content is insignificant. Most of the
waste contains only low- and medium-activity materials.

REQUIREMENTS AND REGULATIONS
The legal requirements and regulations for radwaste
management in Russia (and in most other nations of the former
Sovietr Union) are regulations issued by the USSR Ministry of
Henlth. These include "The Basic Sanitary Rules for Managing
Radioactive Waste and Other lonizing Radiation Sources” (OSP-
72/87) (providing the sanitary and hygienic requirements for
radwaste collection. conditioning, transportation. and burial).
OSP-72/87 defines prohibited and allowable actions, as well as
engineering and other technical requirements. Basic principles
for radwaste management are specified in another All-Union
sanitary legisiative document. “Sanitary Regulation on
Radioactive Waste Management™ (SPORO-85). SPOROQ-85
provides requirements for radioactive safety when collecting,
storing, ransporting, reprocessing and burying radioactive waste.
OSP-72/87 and SPORO-35 requirements apply to institutions,
laboratorics and other organizations using radioactive materials,
as well as organizations transporting, processing and burving
radioactive waste (irrespective of their deparumental affiliation).
Radwaste includes solutions. articles, materials, and biological
items containing radioaczive substances in amounts exceeding
values specified by the standards and regulations in force (if those
substances are not intended for further use at the given or any
other facility or experimental research). Radwaste aiso includes
. spent ionizing-radiation sources of no further use.

The radwaste classification now in force is similar to
classiticarions accepted and used in many other countries. Unlike
the US the classification is based upon the leve!l of radioactivity.
[n accordance wit rather than the origin.

SPORO-83 subdivides radwaste is into liquids and solids.
Liquid radwaste includes solutions of inorganic substances, pulps
of filtering materials. and organic liquids. Solid radwaste
includes articles. materials. biological items. and spent radiation
sources.  Liquid wasie is considered o be radicactive the
individuai radionuciides or the mixtures excesd the permissible
limits of the Radioactive Safery Regulation (NRB) for water.

Liquid radwaste is low-level at activities below 370 kBq/I
(1-107 Ci/D): medium-ievel waste is berwesn 370 kBg/! and 37
GBa/1¢1-107 0 | CU1): high-tevel waste is 37 GBa/l and higher.
Sviid waste is considered o be radioactive if the specific waste
activity excseds T4 kBaskg (2-10" Cukg) for beta-active
substancss. 1.10 radium equiv.’kg for gamma-active substances.

7.4 kBaskg (2-107 Cikg) for alpha emitting substances, 0.37
kBq/kg (1-10® Cukg) for wansuranic radio nuclides. or if the
surface contamination levels exceed § alpha-partcles/(cm®>min),
or 50 beta particles/(cm™min) over an area of 100 em®.

Solid radioactive waste is subdivided into thres groups based on
the dose rate at a distance of 10 e from the surface:

- group 1 - to 0.3 mSv/hr (20 mremshr);
- group 2 - 0.3 1o 10 mSwvhr (30 to 1000
mremvhr):

- group 3 - above 10 mSv/hr (1000 mrenvhr).
Radwaste is subdivided by physical and chemical properties:
liquid non-combustibie waste: water solutions of acids. alkali,
saits, including organic substances and suspensions. These result
from releases by production/research activities. decontamination.

processing low-activity water. etc..

liquid combustible waste: oils. alcohols, kerosene, combustibie
organic solvents, etc. Mast of this is spent oils ffom varicus
machines operating with products containing radiocactive material,
as well as sorbents and organic soivents from exzaction processes
and washing of machine parts:

sofid non-combustible waste: metal. glass. ceramics, copstruction
garbage. This includes packaging for radicactive materials,
junked equipment, tools, machine parts, metal furniture.
dismantied metal constructions. plaster and other coanstructon
materials;

solid combustible waste: wood. plastic, rubber. PVC articles,
textile, etc. This type includes wooden and plastic equipment,
furniture, overalls, packing materials, paper; wiping materials,
filters. clothes, wooden construction materials and strucnures.
This centralized system has two major stages. The first stage is
gathering radwaste at 2 generator, transporting the radwaste to
temporary storage and preparation for transfer to "RADON"
facilities. The second stage is recsipt of radwaste from
generators. its transporation to the “RADONT facilides,
reprocessing, and burial. These operations are carried out as
“RADONT facilities operations.

The “RADON™ facility normally provides transportation at the
request of the generator. The facility is responsible for radwaste
safery. The generator is responsible for radwaste sorting and
preparation for transportation in accordance with regulation for
radwaste collection, temporary storage, and wansfer.

TRANSPORTATICN

Radwaste is zathersd at the generator and separated Tom
ordinary waste. [t is characterized and subdivided according to
its physicai condition. the Raif-life of the radio zuclides it
contains. 2xpiosion and fire azards. and <hetr nawrs (orc:mic.
inorganic. biological). To zzther :md ansport wvithin 2ne
orzanization. different tvges of sackages must Se usea:
for solid waste: collection continers. as weil as piasde-
1 compound or paper Sags. as primary or

| separate packages:
for liquid waste:  collection containers or special cistemns.

The dimensions and design of the collection conuiners are
determined 5v the tvpe and quantty of radicactive waste. kind of
radiation. and radio nuclide activity. Special raquiraments for
collection conuiners are decined in SPORO-83.




The most significant requirements with respect to radiation
safety are the dose rate | meter from the collection container,
which must aot exceed 100 uSv/hr (10 mrenvhr). The outer
surface must not exceeds the levels specified by regulations.

Temporary storage of radwaste at a generator is regulated by
SPORO-85. Solid radioactive waste at 2 generator must be sorted
before removal and divided into the following categories:

combustion waste: corpses of experimental animals;
bedding for animals, food remnants; overalls and other
protective clothing, cloth. rags, pads. paper. cardboard,
wood waste, ventilation filters, etc.;
compressible waste:  small equipment, various
packages. laboratory utensils, other metal. ceramic,
glass articles. as well as any other waste whose size can
be reduced by compaction:
not-to-be-reprocessed waste: small equipment, etc., not
subject to compaction; large equipment (larger than
900 x 1.200 x 3,000 mm); spent sourcss of ionizing
radiation, solid high-level waste.
Combustible and non-combustible liquid radicactive waste must
be collected separately.

Preparation and loading of containers ahg other packages with
radwaste must be performed by the organization wansferring the
waste. They must convert any dangerous expiosive and self-
inflammable waste to a safe state. A certificate for every portion
of radwaste must be provided to the recsiving facility. Before
transportation of radwaste receiving facility must monitor it no
less than one day before shipment. This inspection includes:

- gamma dose rate of packages and total shipment;
- the contamination on outer surfaces

In addition, the strength and air-tightness of the packages is
checked. as well as their marking, correctness of the certificate.
and the invoice for the radwaste portion. For liquid waste. the pH
must aiso be measured. Package inspection also inciudes the
package weight, overall size. markings, mechanical strength, the
availability of the label {or other documents containing the
required additicnal information about the package), and the
radioactive waste compaosition.

Liquid and selid radwaste containing nuclides with a haif-life
greater than 15 days must be transported 0 “RADONT facilities.
Radwaste must be wansported by specially equipped vehicles and
intended for reguiar transportation. Relevant procsdurss (in
Russia) must be approved by state sanitary survetllance
authorities and the Ministry of Intermal Affairs of the Russian
Federation. Radwaste transportation is regulated by "Rules for
Radioactive Waste Transportation Safery” (PBTRZ-73). The
required sanitary certificate must be granted by the state sanitary
surveillance for everv vehicle wransporting radwaste.

Metal, concrete or plastc containers (one-time and reusable -

containers alike) are used for shipping. Radwaste is ransported
mainty by wucks. Speciai trucks are use that are built on the
chassis ZIL-130 wucks. The truck. called OT-20. is the basic
Tuck for Tansporting solid radwaste and is equipped with 2 leak
proof metal body with 1 volume of 3 cubic mezers and load
capacity of about two ons. OZh-10 :rucxs equipped with 3 2.7~
m’ tanks are used to carrv liquid radwaste. These frucks are
equipped for radiation monitoring and radio communications.

FEATURES

The regional radwaste management facilities were constructed
using a standard design developed by GSP! (this design has been
updated several times). Depending on the amount and kind of the
waste produced in the region under consideration, local narural
and climatic, geological and hvdro geological conditions, as well
as operational characteristics. a number of modifications to the
standard design have been made in all of the facilides.
The Moscow "RADON" Research and Production Association
and Leningrad used individual. site specific designs.
Each facility has its own region to serve. This zoring, based on
consideration of allowances for the design capacities of the
various regional radwaste management facilides, solved the
probiem of management and Jdisposition to disposal locations of
all of the radwaste produced.

A pardal reconstructionsmodification of these facilities was
completed by the middle of the 1970's. This was to upgrade their
capacities and improve their material and engineering base.

PROCESS OVERVIEW

The flow and processes for radwaste reprocessing at these
facilities are determined by the amount and characteristics of the
waste to be reprocessed.  The wide variery of radwaste types
and forms requirss use of severnl processes. The "RADON"
Research and Production Association used various technologies
for radwaste reprocessing. This center’s tasks include studies to
improve radwaste collection. wansportation, reprocessing and
ultimate burial (disposal), as well as radiarion safety. This center
develops and introduces new processes and equipment for
radwaste disposal and related scientific assistance.

Compaction and incineration are used to process solid
radicactive waste. Compaction is used for waste from laboratory
equipment. zlass and ceramic laboratory utensils, miniature
apparars and equipment, remnants of construction materials,
plastic protective overalls, etwc.

Compaction is performed in 2 horizonal hydraulic press in both
multi layer paper packages and metal drums. The maximum
pressure is +.9 MPa. Compactor equipment handles up to 3 cubic
meters of waste per hour. Voiume reduction varies from 2 1o 10.

Compacted waste is forwarded 1o a storage facility for solid
radwaste where cementing is performed.

To reprocsss liquid radwaste. bituminization. cementation and
vitrification technologies ars used.  Bituminizafion and
cementation are alrsady at the induswial stage.

COMBUSTION o
Beginning in 1983 a Two-comparTment czramic tumace
“FAKEL" has be=n used for materials with a specific activity of
apto | mCikz. The fumace’s vieid is 30 kg of solid waste and
65 kg of liquid waste zer zcur. The temperawure in the
combustion zone varies frem $00 o 1000 °C. Waste volume
reducdon Sacrors are 30 to 60. A stultipie-stags zas-purification
drv-tvpe svstem “vhose princ:zai <izment is 2 meual-cloth filter is
used. The zas phase purificzricn soerficient is abour [.3 ¢ 10%
The uitimate compustion zrocduc: of ash residue conwining
alpha-. Beta-. and zamma-=miing adio auclides is 3 dispersed
dusty materiai zasiiv leachasic and unsuitabie Sor burial The




most widespread technique for cementing the ash residue causes.,
besides an extra material expenditure, an increase in the weight
and voiume of the product but does not provide high chemical
stability. A method was developed for high-temperature
reprocessing of ash residue in an induction melter with a cold
crucibie. This forms of a melted product wich high stability. The
quantitative compasition {in per cent) of the product (2-5 Na,C;
3-7 K;O; 10-20 Ca0: 3-8 Mg0: 5-10 Fe, O;; 13-22 PG 20-30
SiO,) enables its reprocessing with a minimum amount of fluxing
additions.

The rate of solid radwaste combustion is limited by the time
required for compiete bum up of carbon residues. When
operating comparunent-tvpe combustion fumaces. problems arise
when glass and other non-combustible materials, as well as
fluxing components (salts), penetrate the waste being
reprocessed. These materials may cause slagging of grates and
failures of the ash removing system. Therefore, all known
combustion facilities require carsful sorting of waste.

Despite the design’s simplicity comparmment-type fumaces have
a number of drawbacks. These include considerable enurainment
of radio nuclides, low specific productivity, non-uniformity of
gas and aerosol loads upon the gas punﬁcnnon system. necessity
of carefu! prefiminary sorting of wasts. Ash requires additional
treatment before the uitimate burial.

A technology that eliminates many of the drawbacks, and
provides a number of significant advantages over the process of
burning in an air-excsss layer, is the high-temperature method of
solid radwasie reprocessing in shaft-type furnaces with liquid siag
removal at an operating temperature of 1,400 w0 1.600° C. Waste
is loaded in the top of a shaft and flows by gravity. to mest the
2xhaust flow. undergoing the stages of drving. gasification,
pvrolysis. and melting.

Both combustible and non-combustibie solid radioactive waste
are subjeczed to thermal reprocessing. A test stand using a shaft-
tvpe furnacs with plasma heating sources was developed in 1987.
The furnaces was 3 meters high. the hearth part area was 0.12 m’.
and the furnacs's total volume was 8 m’. The inner refractory
lining was made of heat- and slag-resistant refractory materials
with an operating temperawures of up to 1.650 ° C. The final
producr is siag thar is dumped into collecting containers. Both
plasma and fuel-plasma heating sources are used. Research was
conducted on burning simulated solid radwaste. Chemical
stabilicy of the slag product was evaluz-ed. The average specific
activity of the waste was up o 10° Bakg. The composition was:
wvood - 73-80%. mewal - up 1o [0%. glass - up to 2-3%. concrete -
up 10 10%. The facility processes 60 kg/hr.

Buming waste in shart-type furnaces is characterized by more
uniform gas releases than initial burning in excess air furnaces.
{n addition 0 gaseous combustibie components. exhaust gases
inciude compiex avdrocarbons. ~esins. and solid particles. The
resin concsntration in the exhaust gases is 3 to 4 times higher
than thar in the solid phase. A high-etTicieacy bumning chamber
is used 0 burn resins and solid particles. A cvclone chamber
with 2 plasma hearer has e 2est pertormancs characteristics, The
2erosol conce=nmation is reduced dv a factor of 20-30.

Experimental studies demonstrated that high-temperamure
reprocessing of soiid madioactive waste in the shaft-type furnaces

avoided solid phase removal to the gas purification system.
Filtration mechanisms in high-temperature and low-temperanure
regions are different. The most significant advantage of the shaft-
type furnace is the possibility of obtaining liquid slag.

Depending on its composition. siag can be a glass-like or
crysulline product. Slag dumping ar the test furnace starts at 2
temperature {400 to 1,500 °C (with fluxing components). When
reprocessing the waste containing 2 considerable amount of
ferrous metals (8-10%), unoxidized iron may accumulate in the
hearth part of the fumace under the slag layer. Therefore, the
temperature in the hearth must be 1.500 to 1,580 °C.

The rate of slag sample leaching for Cs-137 is 107°-10°
g/cm*-days. The mechanical compressive strength of the slag ts
more than | GPa. The slag product fearures high water resistance
and mechanical swength. The slag volume is approximately 100
times less than the initial solid radwaste.

The specific power consumption per 1 kg of reprocessed waste
is 1.5 kW, of which the share of the electric power from the
plasma power source is 0.6 to 1.0 kW. The results of the tests
made it possibie to start developing a deployable facility.
Research performed on technologies for purifying hot flue gases
formed when bumning radwaste znabied developing a relatively
efficient gas purificarion scheme. Gases formed as a result of the
burning process with temperature of about 500 °C are cooled
sequentially in gas and dispersing heat exchangers down to $00
°C and enter a high-temperature filter where they pass through a
wire-cloth-weaved membrane that removes a major part of soot
and aerosols. Exhaust gases that are already free of aggressive
components are purified to comply with established sandards by
an absolute filter.

CEMENTATION

Combined burial of liquid and solid radwaste is used. After
reprocessing, solid radwaste is placed in near surface storage
facilities. The voids between the waste fragments are then filled
with cement prepared using liquid radwaste. A cementing plant
is used. which includes a 25 m’® hopper equipped with a jigger. a
worm feeder, a mixer with an agitator, a pipeline, and a pump for
liquid waste. The plant is 2quipped with remote control. For
cementing, liquid radwaste with a specific activity up to 10 uCl
and a salt content no greater than 130 g/l is used. The
productivity of the plant is 4+ m’ of liquid waste per hour. The
strength of the cemented product obtained is 130 to 180 kg/em®.
The Cs-137 leaching rate is 2-107 to 4-10~ g/cm™day .

A high-productivity mobile cementing plant an the chassis of 2
KrAZ-250 truck is also used. The plant is uses 2 hydro vacuum
agitator 10 produce an 20 m’ of liquid waste per hour.

In 1989-1990 an experimental mixer using rurbuleat layer
appararus was dJeveloped which enables performancs of
cementation both in continuous and periodical modes with fine
adjustment of the output was developed. fabricated and tested.
The mixer includes a system for fesding liquid waste and 2
binder. a dividing grate, a mixing area, and a csment mixture
dump area. Ferromagnetic odies are placed inside the mixer
case. The bodies swart to rowte and move under the acton of the
electromagnetic fieid producsd by windings of the inductor of the
rrbulent apparatus. When moving. the bodies collide and form




the wrbulent layer proper. Liquid waste and cement supplied to
the mixing area interact with moving ferromagnetic particies and
are mixed. Homogeneous cement siurry passes through the
dividing grate and is poured out into a cement tank.

A modular plant for reprocessing both solid and liquid radwaste
by the cementation technique has been developed. This plant
includes the following modules - cementing and mixing, a
module for preparation of a liquid waste pulp, 2 sorbent module,
metering pumps, mobile cement storage, and an automated
gripper for primary packages. The plant is intended for preparing
a cement mixture based on liquid radwaste or water with various
admixtures and bagging into primary packages prefilled with
solid waste. The output for cement sturry is up to 4 m® per hour
when Portland cement is used as a binder, and bentonite and
natural zeolite as sorbents. The water-to-cement ratio is 0.4 10 0.3
and that of cement to admixtures is 10:1. The specific activity of
the waste is up to0 | mC¥!. The maximum height of the plant is
6.5 m. The plant is controlled automatically and visual control of
the operating units is provided by a TV camera. Modular design
allows it to be mounted on a ruck.

With cement slurry eatment in the turbulent mixer, the swength
of solidified samples is above 100 kg/em™, At the same time the
rate of cement composition solidification rises, which reduces the
time required for storing containers with the cement mixture
before transportation to the storage facility. The rate of
radionuclide leaching from cement compositions is 2-107 to 4-10°
* gfem*-day.

BITUMINIZATION

Unlike cementing, bituminization vields water-resistant
compounds without an increase in the waste volume.
Bituminization of liquid radwaste is performed at a URB-8
facility. The productivity is 430 to 600 liters of liquid waste per
hour. The basic element of the facility is an industrial film rype
evaporator with a heat exchange surface area of about 8 m* and
an operating temperature of 130 to 140 °C. Bituminized liquid
radwaste has a sait content of 300 to 500 g/l. The resulting
bituminized sait compound conrains 40 to 50 mass per cent of
salt. The leaching rate is 10 to0 10 g/em*-day.

VITRIFICATION

Vitrification of medium- and low-activity waste is 2 newer and
promising approach that provides reduction in the waste volume
and allows formation of the most resistant products. Experimental

virrification of radioactive waste started in the early 1970s. .

Borosilicate glass was chosen as the marix material. For
vitrification. a ceramic melter with direct Joule heating was used.
When reprocessing liquid waste containing 200 g/! of salts. the

productivity of the plant reaches 50 kzhr. The specific’

productivity for glass is 40 o 50 kz/m™hr and the specific power
consumption is 3.2 to 3.4 kW-nr/kg. The zlectric power of the
plant is 130 XW., the temperature in the melter is 1250 °C. The
waste volume reduction factor (atter virification) is 4.2-4.5. The
rate of Cs-137 leaching from the uitimate product is 1.4:107 w0
+.4-10™ gicm-day. More than 10 tons of glass have been

produczd in the ceramic meiter. This research indicated a number

of shortcomings of such a melter and afterwards an induction
meiter was employed.

Fearuring fast action and good corrosion resistance. induction
melters of the "cold crucible™ type seem to be promising devices
from the viewpoint of low- and medium-activity waste
vitrification. An experimental stand has besn assembled and a
high productivity vitrification plant based on high-frequency
inductors is under development. In this facility liquid waste goes
through 2 concentration stage. The product. in the form of a
suspension with 22 to 25 weight per cent moisture mixed with
glass forming admixtures is supplied into the meiter. The
experimental stand is equipped with: a lamp oscillator with a
vibrational power of 60 kW and an operating frequency of 1.76
MHZ: a melter of the "cold crucible” type with an operating
surfacs area of 3.63 dm?: 2 vertical rotor evaporator: dispensing
devices: some auxiliary equipment The stand productvity for
glass is 7 o 10 kg/hr at a specific producdvity 120 to 180
kg/m*-hr. The specific power consumption per 1 kg of glass is
4.5-6.0 kW-hr. Solid phase removal from the melter is 1.0-1.2
per cent. At the stand, some research with simulators and real
radicactive waste from auclear power plants has been carried out.
The rate of leaching from the glass bricks obtained is (1.4 x 10-$
glem?-day. ;

The plant is equipped with a module including three independent
melters of the "cold crucible” type. Each melter is placed in a
separate box and suppled from its own oscillator. One of the
melters is equipped with an exua unit for mechanical mixing to
obtain glass composite materials in the melter. An annealing
furnace provides adjustable cooling of glass bricks and is made
on the basis of a tunnel furmace with four zones of controiled
heating/cooling.

Acrosol removal is done in oo stages. In the first stage (rough
purification filter), buik filters made of the material capabie of
incorporating in the giass meit atter its life-time is over are used.
At the second stage (fine purification fiiter) filters made of
ulzrahigh glass fibers (that are also capable of incorporating in the
melt easily) are used.

To rermove nirogen oxides. packed columns operating in the
*film” mode are used. The ultimate purification is provided by
camlytic reduction of nitrogen oxides. The caralytic materiai. a
mixture of aluminum and vanadium oxides. is incorporated in the
glass bricks arter the useful iife time is over.

PURIFICATION OF LIQUID RADWASTE

Stationarv and mobile faciiities are used to purify radioactive
siurries. In a starionary facility. when purifying water solutions.
a svstem is used which includes a mechanicai purification unit
based on clavdite and svpron {ltering slements. an elecTodialysis
unit. and a unit for ion-exchacge puritication with cationic fliters.
When puritving liquid waste “with a specific activity 0.05 10 0.4
«Ci1 and a sait content 0.5 0 3 gl the producdvity of this a
svstem is about 2.5 m® per Gour. Purified water is supplied to
systems or deconmination of Tanspert vehicies. equipment and
-ooms. 1he amount of e Jormed waste requinng further
sonditioning and Huriai is 3.3-2.3 voiume per Sent f the warter
purified by the sysem.




Low salt, low-activity liquid waste formed or accumulated in
small amounts by various generators is purified by a mobile
electrodialysis installation. This has three modules (uitrafiltration,
electrodialysis and filtration) and is mounted on a trailer. The
throughput is 12 m’® per 24 hours at a dissolved salt content in the
initial solution sait content is no greater than 2 g/l. The purified
water’s salt content is no greater than 0.2 g/l. The purification
coeffictent is 20 to 600 for Cs-137, 20 to 40 for Sr-90. The
installation is equipped with electrodialysis and uitrafiltration
apparatus of the “filter press™ type. The specific electric power
consumption is no greater than 20 kW-hr/m’.

In a facility called “EKO™ (Figure 1) a pump- supplies liquid
radicactive waste to a mechanical fiiter filled with quarez sand
where water ts purified from oil products and suspensions. The
filrate (Figure 2) then enters a senling tank, in the conical bouom
of which  coagulated suspensions and colloidal particles
accumulate. This slime is removed in regular intervals. From the -
central part of semling tank, liquid radwaste flows w the
ultrafiltration apparatus, after which the concentraze returns to 2
settling tank. The filtrate is collected in an intermediate tank and
then pumped through sodium-carionic filters with KU-2-8 resin
in Na-form (to soften water prior to electrodialysis) with further
coiiection in the dialysis mnk of the electrodialyzer.

The eiectrodialysis appararus operates in the flow mode with
partial dialyzate recirculation and purifies liquid radiocactive
waste in the continuous mode. To achieve water decontamination
to the level required by the relevant standards, a part of this
dialyzate flow is directed through a filter filled with KU-2-8
- cationic resin in the H-form and then leaves the facility. To
provide stable operation of the electrodialysis unit, the sait
content and concentrate activity in the electrodialyzer are kept az
2 constant level by means of a electrodialyzer/concentrator
placed in the by-pass loop of the concentrate channel. The brine
formed in non-flow comparuments of the
clectrodialyzer/concentraror due to clectro-osmotic water transfer
through ion-exchange membranes is 2 soiution with a salt content
no less than 40 g/l




snrercddr uont.ayreny ) tstwng 9-1 s8tis Yunog
NUT JOITTLRSUCS + TXUT: STEZAIRIP £ INUTT SEISSLLsIU T SNUT: UL UOUTH[Y TNY S58ws pay L
OMnESOLUTS ISZACIDOLSIIZ T LSZAJLIDOLSS UOUTZIUIESSP | S8TIS puodes
L1 DIVOILD —§ £ SIBL DIVOITS —Bx, T'C Laljl [COIUBLDSJN T'} 33Ts 1591

Aupse: spoow 34 30 WeiSep mojs T 2anfig

WA, 2%, HIDOIAS DY

e

Law

St

!

ey

~ e

»>o

Aapoey a1IqojA LOM I 34L | aumSig




