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B.2.7.1. ASSESSMENT OF INSTALLATION STRUCTURE
REPROCESSING COMPLEX"

"REACTOR - ACCELERATOR

Pu(MA) MA(Pu)

The general outline of the reprocessing complex is shown in Fig. 1. The complex comprises an
electronuclear transmutation installation and chemical and technological support units, the function of
which is maintenance of the steady-state of the blanket, separation of short-lived transmutation products
to be disposed of from other components of the blanket, chemical conversion to relevant stable species
of products to be disposed of for interim storage and disposal.

The objectives can be resolved as follows.

Pu that is fed to the complex from external
sources is subjected to conditioning which
involves formation of chemical species acceptable
for membrane-extraction transport (e.g., Pu (IV)
or Pu (III) nitrate solution not containing excess
acid).

Minor actinides (MA) that arrive for
transmutation from external sources need the same
conditioning. In this case the MA flow can also
contain Pu.

The conditioned flows enter the feeding and
discharging unit of the blanket that comprises
two stages, namely, those of feeding and
discharging (Fig. 2.). Each stage is equipped with f/G / General outline of reprocessing complex.
a membrane-extraction unit and necessary ; . ELNU, 2 - out-reactor portion of heavy water
auxiliary equipment. blanket, 3- unit for blanket feeding and discharging,

At the blanket feed stage the membrane- 4,5 - unit for Pu and minor actinides conditioning to
extraction transport unit operates at a giving be supplied to feeding and discharging unit, 6 -
off/receiving flow ratio much less than 1 and at partitioning unit, 7 - unit for short lived transmutation
higher Pu and MA concentrations in the feeding product conditioning for disposal, 8 - disposal of
solution. The joint impact of the two factors short-lived transmutation products
defines the direction of Pu and MA transport to
the blanket. Evaporation of the feeding solution is feasible as the simplest way of reducing the flow amount
and proportionally increasing concentration.

At the blanket discharge stage the membrane-extraction transport unit also operates at a relatively high
flow of the receiving solution. The receiving flow is a by-pass flow of protium water sent to the
partitioning unit.

A need for short-term cooling of the blanket flow prior to its entering the feeding and discharging unit
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is not excluded. It is also possible to use the spent giving off flow from the discharge stage as a receiving
flow at the blanket feed stage.

The aqueous flow from the discharge stage, containing practically all the components of the blanket
flow (the membrane-extraction transport block of the discharge stage accomplishes non-selective transport
of the elements), arrives at the partitioning unit. The function of the latter is to remove Pu and MA from
the fraction of short-lived transmutation products, i.e., to shape a flow of radionuclides for supervised
storage and subsequent disposal.
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7

FIG. 2. Schematics of blanket feeding and discharging unit:
1 - out-of- reactor portion of blanket; 2 - by-pass lines of feeding unit; 3 - by-pass lines of discharging
unit; 4 - evaporation of feeding flow; 5 - cooling of discharge flow; 6 - flow for partitioning

Pu and MA are brought back to the heavy water blanket through one of the conditioning units. The
conditioning is accomplished together with those flows of Pu and MA that arrive at the complex from an
external source, that is, together with the feeding flows.

The purified flow of short-lived transmutation products arrives at the waste chemical reprocessing unit,
the function of which is to convert short-lived nuclides to chemically stable species and to incorporate them
into special matrix materials having a high resistance to leaching and the necessary thermophysical and
mechanical characteristics.

Waste chemical reprocessing comprises pre-conditioning (mixing) and evaporation of solutions, their
concentration in a direct flow evaporator (DE) or calcination in a spray dryer (SD) and solidification of
concentrates or calcinates in an induction melter having a cold crucible (IMCC).

Depending on the location of the complex in relation to a radiochemical spent fuel reprocessing plant
a flow of short-lived fission products (SFP) can arrive at waste reprocessing operations from an external
source.

The high initial heat release by solidified composite species containing short-lived nuclides demands
a preliminary supervised storage with a forced transfer of heat. This storage could be realized on the basis

55



of the technical solutions used at "Mayak" and related to the interim storage of vitrified high activity level
waste (Fig. 3.).

FIG. 3. Forced cooled storage facility. 1- blowers; 2 -shutters and filtration station; 3 - crane; 4 -
dismantable floor; 5 - reinforced concrete wells for cans; 6,7 - air channels; 8 - air intake; 9 - vent pipe

B.2.7.2. EVALUATION OF INITIAL CHEMISTRY AND TECHNOLOGY REQUIREMENTS FOR
EXTENT OF COMPONENT EXTRACTION

Components are extracted in the blanket feeding and discharging and partitioning units.

In the former unit (feeding and discharging) the intensity of removal from feeding solutions is only
defined by technical and economical practicability. The necessary quantities of transmuted elements should
be fed in the best way to the blanket feeding unit with an optional intensity of removal from the feeding
solution. In the discharging unit the process is reversed for the intermediate and final products of
transmutation.

Thus, the intensity of the removal of the elements at the stages indicated controls an additional
parameter - the stable state of the blanket. Residual (not extracted) amounts of products circulate in the
reprocessing complex as uncompleted products (UP), and the structure of the complex is optimized by the
ratio between expenditures for complete extraction and UP amount.

In the latter unit the depth of extraction of the not transmuted Pu and MA from the flow of short-lived
transmutation species that in the end are to be disposed, is governed by the radioecology requirements of
a material which is in contact with the environment for an infinitely long period of time.

An analysis of the technical potentialities of the available and prospective technologies as well as
protective properties of matrix materials already known and those under development produces the
following requirements. The depth of long-lived alfa-emitter (Pu, MA) extraction has to meet the
requirement that the activity ratio of long-lived active materials Ci, to short-lived ones Cish in a material
to be disposed of is not higher than 5xlO"2, with the prospective improvement of Ci/Cish to lxlO"2.
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B.2.7.3. ANALYSIS OF TRANSMUTATION PRODUCT COMPOSITION AND FEASIBLE
METHODS OF IMMOBILIZATION OF RADIONUCLIDES TO BE TEMPORARILY STORED

The structure of the reprocessing complex provides chemical co-reprocessing and conditioning disposal
of short-lived fission products from an external source and short-lived transmutation products. The full set
of transmutation products has to be identified after defining the optimized steady-state of the blanket.
However, even now one can be guided by specific constituents of the products to be disposed of (also
including fission products of co-reprocessing), namely, isotopes of Cs, Sr, Sb, Te, Zr, Mo and rare-earth
elements.

To immobilize radionuclides matrix materials are needed that comply with the rigid requirements for
the following parameters:

chemical stability, determined from the rate of the radionuclide leaching with natural water, to be
not more than 10"* g/cm2 /day of l37Cs, "'Sr and not more than 10'7 g/cm2/day of 239Pu;

radiation and thermal stability, determined from the invariability of material properties under the
action of high irradiation doses and temperature (10+1° rad under P and y-radiation at temperature
higher than 559 °C);

mechanical strength, Young modules not less than 5.4 xlO*7 N/m2 and compressive strength (0.9-
1.3)xlO+7N/m2;

thermophysical characteristics, namely, heat conductivity 1-2 W/m/K and linear expansion
coefficient not more than 9x10"* °C'.

These requirements are best met by matrices which are mineral-like systems of the ferrosilicate type,
formed by (% mass) Fe,O3 - 40; CaO - 10; SiO2 - 50.

In materials of this type isomorphic substitution is feasible: calcium by alkaline and alkaline earth
nuclides, iron by nuclides of+3 and +4 valencies.

The level of possible incorporation of radionuclides in a matrix material of this kind is about 10" Ci/1
of p and y - nuclides and about 1 Ci/1 of alfa- nuclides which represents the initial heat release of about
30 kW/m3.

The supervised storage continues until the heat release is reduced to 1.0-1.5 kW/m3. After that the
radionuclides, immobilized in a matrix material, are to be placed in an additional protection can and
disposed of.
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