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Process Fiow outline of “ISMW - CC -1”

1. Vibrational Feeder. 2. Plate Feeder. 3. “Cold” Crucible.
4. Mechanism for Ingot Drawing. 5. Gas Clean - up.

6. Cylinder Containing an Inert Gas. 7. Ejector.
8. Compressor.
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3.1 Technico-Economic Aspects of Processes Used for
Conditionings for Disposal of Higthctivity Metal Waste

Arising from Spent Nuclear Fuel Reprocessing
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TECHNICO-ECONOMIC ASPECTS OF PROCESSES USED FOR
CONDITIONING FOR DISPOSAL OF HIGH-ACTIVITY METAL WASTE
ARISING FROM SPENT NUCLEAR FUEL REPROCESSING
V.G.PASTUSHKOY, VNIINM, Moscow, Russia

1. Characterisation of Metal Waste

The regeneration of nuclear reactor spent fuel assemblies results in =300 kg metal
waste per ton of spent fuel reprocessed. This waste is composed of chopped hulls of fuel
claddings, wrappers and structural elements of fuel assemblies (FA) as well as cut off
long length end pieces of FAs (end and bottom caps).

The amounts and composition of metal waste arising from reprocessing the fuel of
light water reactor (LWR type) FA; are given in table 1. 7

(The FAs of the Russian VVER type reactors have close characteristics in terms of

the composition and amount of structural materials as well as their radiochemistry).

- Table 1
Mass Balance (kg) of Metal Waste as Calculated per Ton of Heavy Metal

STRUCTURAL HULLS AND CAPS FUEL
MATERIALS STRUCTURAL (kg) ASSEMBLY
PARTS (kg) (kg)
Stainless steel 13.9 27.7 41.66
Inconel 10.3 2.40 12.73
Zircaloy 4 261.4 — 261.36
Total 285.6 30.1 315.76

At the annual throughput of a radiochemical reprocessing plant of 600 t heavy
metal, the amount of the accumulated metal waste to be disposed of will be 189.5
(171.4 t fuel claddings, 18.1 end caps of FA;) =200 m3 in volume. The resultant metal
wastes are -, B-, y- irradiating materials the activity of which is induced by in-pile
irradiation as well as available actinides and fission products diffusing into structural
materials during the reactor operation and fuel reprocessing.

The high-activity metal wastes (HAMW) after FA holding for 3 years are
radiochemically described in table 2.

C =24
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Table 2
Radioactivity of ivietal Waste
Radionuclides Radioactivity of fuel Radioactivity of end caps,
claddings, TBq / thm TBq/ thm

Fission products:
SH 10.36
&Kr 0.48
NSr+7Y) 8.70
106Ru + Rh 8.70
134Cs 4.44
13(Cs + mBa) 13.51
144(Ce + Pm) 3.66
147Pm 3.00

2.=59.0
Dissolution fines
106(Ru + Rh) 17.5
Actinides:
2Z7TNp 2.2x105
138Py 4.9x10-2
¥Pu 5.7x10-3
40Py 8.2x103
24Py 1.96
MIAm 1.9x10-2
244Cm 1.9x10-2

=20
Activation products:
54Mn 2.6 0.15
33Fe 65.6 26.3
S1Co 0.5 0.9x103
60Co 70.6 13.0
63Ni 14.1 1.74
1138n 3.7x10+4 —
119Sn 14.8 —
1238H 20,1 —

2. ='188.0 2 =41.0
Total: 266.5 Total: 41.0
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After nuclear fuel dissolution and washing cut-off fuel claddings at their surfaces

there remain 3-5% mass water and =~ 0.35% mass U per 285.6 kg metal waste.
The metal waste conditioning results in heat releases basically due to B- and
Y- emitters, i.e., products of fission and activation. The heat released by cut-off fuel

claddings and end cups (FA; as cooled for 3 years) is given in table 3.

Table 3
Heat Released by Metal Waste
Type of waste Radionuclides Heat release, W/thm

Cut-off claddings Fission products 5.5

Dissolution fines 23

Actinides 9x10-3

Activation products 317

> =396
End caps Activation products 5.4
Total: 45.0

2, General Flow Sheets of Metal Waste Handling

In the closed fuel cycle adopted for the plants La Hague (France), Sellafield (UK),
“Mayak” (Russia) cut-off fuel claddings and FA end caps are the main source of
c-emitting solid waste. Handling this type of waste involves the following stages:
acceptance — conditioning — packing — interim storage — shipping — disposal.

As a working hypothesis the HAMW reprocessing facility is assumed to be a
self-sufficient unit. Fuel claddings and FA end caps arrive at the facility after rinsing
with water as two individual streams in closed drums (canisters).

Each process of HAMW processing needs a facility meeting its individual
requirements. For packaging two standard packages are under consideration, namely,
“Cogema” ‘modified cans and large cylindrical containers. The packages containing
conditioned waste are monitored for the content of fissile material remaining in the metal
dnd the residual contamination.

The interim storage of HAMW containing packages is accomplished at a
reprocessing plant site. Following a one year interim storage the conditioned wastes are
shipped in type B shielded casks (e.g., type B of the “Cogema’” company has 2.5 m in the

diameter and 7 m in height) to a disposal facility.

_26_




PNC TN8100 96—003

The HAMW containing casks are first accepted at the surface disposal site and then
are disposed of in underground galleries. Since presently in no country in the world there
are disposal sites for a-emitting wastes in geologic formations use is made of the concept

developed for the Conrad Mine disposal facility for bitumenized or cemented wastes.

3. Routes of HAMW Management

On the basis of technological studies in different countries six general options of
HAMW management were revealed and compared (see table 4) that can be grouped as
follows:

a) cementation — direct incorporation of both types of HAMW into cement or
cementation ofprc—decontéminated cladding hulls (routes 1 and 2);

b) mechanical reduction of fuel hull volumes followed by HAMW incorporation
either into cement or graphite or packaging HAMW into lead lined containers (routes 3,
4 and 5);

c) melting of cladding hulls and FA end caps (route 6).

3.1. The direct cementation route for cladding hulls and FA end caps was developed
by CEA, France, and is in progress on a commercial scale at the UP-3 plant. _

After rinsing with water metal wastes of both types arrive in baskets inside metal
drums 1.75 m3 in volume at a cementation facility. The drum is filled with cement grout,
closed with an internal lid and is externally decontaminated. The decontamination of a
drum results in = 1.5 m3 liquid low activity waste (= 346 m3lyéar). The concrete is left to
solidify, the external lid is closed and the drum is sent for the interim storage.

Each drum contains = 820 kg waste. At the reprocessing plant throughput of
600 t h.m. per year the volume of conditioned waste corresponds to 231 drums or
400 m3. The waste volume rcduction_féctor is 0.47 (see table 5).

3.2. The routes of fuel cladding hull pre-decontamination and cementation of both
types of HAMW were studied at CEN/SCK, Mole, Belgium. Fuel claddings are.
decontaminated with a solution of cool HNO3 3 m/l with the aim of reducing the
o-activity of waste.

Cladding hulls as placed in baskets are rinsed with HNO; and afterwards with water
in a column. As decontaminated they are blended with FA end caps and subjected to

cementation by the process described above.



Table 4
Results of HAMW Conditioning for Disposal
Operation | Cladding | End [ Cladding| End | Cladding | End | Cladding | End Cladding End Cladding | End caps
hulls caps hulls | caps | hulls caps hulls caps hulls caps hulls
Drying
Treatment Liquid Drying Drying Drying 1 .
deconta- d J 4
mination melting in | melting in
rolling rolling compaction - “cold” ceramic
crucible | crucible
\ { 2 ! \2 X \’ ! J 2
Conditioning | Incorporation | Incorporation | Incorporation Incorporation Packaging | Incorpo- Packaging into
into cement into cement into cement into graphite into lead ration container
lined into
container | cement
Route I 2 3 4 S 6
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The spent HNO; effluents are evaporated and recycled resulting in 3 m3/year low
activity waste (B,y = 7.8 GBg/year, o = 3.8 x 104 GBg/year) that are also subjected to

cementation.

Table 5
Characterization of Waste Containing Packages
Typeof |Total massof| Massof Radioactivity Heat
Waste [ drum, kg waste, kg release, W
o, GBq B,y, GBq

Claddings _
hulls and FA 3500 820 260 800 117
end caps

The amount of waste as conditioned by this route is'also 231 drums (= 400 m3/year)
and volume reduction factor is = 0.47.

The characteristics of waste containing packages are the same as in Route 1 except
for the radionuclide composition: the radioactivity o = 13 GBq, B,y = 747 TBq, heat
releaseof 111 W,

3.3. The route of cladding hulls rolling and waste cementation was developed by
KFK (Kernforschungszentrum Karlsruhe), Germany.

Taking into account that cladding hulls have the largest volume in metal waste they
are processed individually apart from FA end pieces. Cladding hulls are rolling mill
flattened in an inert atmosphere thus reducing their volume by ~ 40% and placed into an
insert steel drum that is filled with a cement grout.

After the cement is solidified the drum is closed with a double lid and transported to
an interim storage. .

In view of their sizes and massive design the FA end caps are not subjected to
flattening. They are conditioned individually by the same cementation route as used for
cladding hulls.

The decontamination of the drum surfaces results in 10 m3/year liquid waste of the
total activity ~ 0.5 MBa.

During rolling gaseous wastes are released in small amounts (0.1% 3H and 1% Kr) of
the total activity =~ 10 TBq.
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The annual quantity of cemented waste will be 460 drums (325 ones containing
cladding hulls and 135 ones containing FA end caps). The total waste volume

is =230 m3.

The 'cladding hulls volume reduction factor is 1.05.

Table 6
Characterization of Waste Cladding Packages
Typeof |Total massof| Massof Radioactivity Heat release,
waste 1 drum, kg waste, kg W
o, TBg B,y, TBq
Cladding 1310 528 3,8 489 73
hulls
End pieces 1060 134 — 183 24

3.4. The route of cladding hulls rolling and waste incorporation into graphite was
developed by the Nukem company, Germany.

Cladding hulls and FA end pieces are processed individually. Both types of wastes
are initially dried. Cladding hulls are then compacted in a rolling mill at the compaction
factor of = 2.5. A portion of as rolled claddings is blended with graphite and in a
graphite sleeve placed into a steel insert container capable of sustaining the pressure.
This unit is first pre-compacted at ~ 3 MPa, then heated to 130°C and worked to 20 MPa
followed by heating to 150°C and holding for 15 min.

After 20 min cooling down to 80°C the minipackage is removed from the tank where
it was worked. Two packages of this type are placed into a 200 1 drum to which a lid is
welded.

FA end caps are processed similary except for the operation of pre-rolling.

The activity of arising liquid effluents is assessed to be ~ | GBq and that of gaseous
ones to be = 10 TBq.

The annual number of packages containing compacted and graphite incorporated
waste will be 865 drums (715 containing cladding hulls and 150 containing FA end caps).

The total waste volume is 208 m3. The waste volume reduction factor will be 0.9 +1.0.



PNC TN8100 96—003

. Table 7
Characterization of Waste Containing Packages
Typeof [Total massof]{ Massof Radioactivity Heat release,
waste | drum, kg waste, kg W
o, TBq By, TBq
Cladding 620 240 1.73 223 : 33
hulls
End caps 550 121 — 165 22

3.5. The route of cladding hull compaction followed by sealing with lead and
cementation of FA end caps was developed by the CSN/SCK company, Belgium.

As dried cladding hulls are loaded in portions into a steel container and compacted
using a hydraulic press at 250 MPa at the compaction factor of 5.0. The resultant disks
are removed from the press and stacked in the quantity of 14 pieces (as a cylinder) into a
Cogema modified canister internally lined with lead (12 mm thick). Then a lead shell and
a steel lid are successively welded onto the canister to be shipped to an interim storage.

The FA end caps are processed individually by the direct cementation route followed
by the decontamination of the drum external surface and shipping to an interim storage.

The operations of cladding hulls drying and package decontamination result - in
~10 m3/year low level liquid effluents. The activity of off-gases (CH and 8Kr) will be
~]0 TBq and that of solid aerosols will be ~15 MBq.

The annual quantity of packages containing conditioned waste will be 227 canisters
with cladding hulls and 22 drums with cemented FA end caps.

The volumes of wastes in storage will be 55.4 m3/year cladding hulls, 38.5 m3/year

end caps with the total volume of 94 m3/year. The total volume reduction factor will be

= 2.
Table 8
Characterization of Waste Containing Packages
Typeof |Total massof| Massof Radioactivity Heat release,
waste drum, kg waste, kg W
a, TBq B.y, TBqg
Cladding 919 619 2.2 577 86
hulls
End caps 3500 820 — 1120 148
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3.6. The process of melting cladding hulls and FA end caps was developed by CEA,
France, and mastered in the Nuclear Centre at Marcoule.

For the reasons of the technology cladding hulls and FA end caps are processed
individually, namely, the former are meited in an induction furnace with a “cold”
crucible and the latter as well as FA structural components (e.g., grids) are melted in a
“hot” ceramic crucible.

After the removal of spacer grids cladding hulls are dried, cleaned with an argon.
flow and loaded into a water cooled “cold” crucible. To decontaminate the metal and
facilitate the drawing of a resultant ingot mineral salts (flux) are added to the molten
metal.

Zirconium and steel claddings are melted at 1500°C in an inert atmosphere (argon)
at the throughput of = 40 kg/hour. A purified metal ingot 180 mm in the diameter  and
1270 mm high is placed into a canister designed by “Cogema™ (0.435 m dia, height of
1.35 m, volume of 0.2 m3). A can of this type accomodates 3 ingots of the total mass of
540 kg or 250 kg slag.

FA end éaps and grids are melted in an induction furnace with a refractory crucible
from which the metal is poured into moulds to produce ingots =~ 280 kg in mass. Two
ingots of this type are placed into a Cogema can.

Liquid effluents arising from drying fuel claddings and off-gas processing are
evaporated and the resultant concentrates are vitrified. The annual radioactivity of liquid
effiuents is as follows: B,y ~ 6200 TBq (mainly tritium), cc~ 1.1 TBq.

Off-gases (tritium and krypton) released in the process of melting are processed by
the known technology; tritium is converted to tritiated water that is adsorbed on
molecular sieves (the annual volume =600 1); some tritium (14 TBq) together with
krypton (289 TBq) is released to the atmosphere.

The plant throughput of 600 t heavy metal per year results in 302 cans with fuel
cladding ingots, 49 cans with ingots produced from FA end caps and grids and 16 cans
with slag which makes 367 cans of the total volume of 73.4 m3. In the melting process the

waste volume reduction factor is 2.6.

-39 —
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: Table 9
Characterization of Waste Containing Packages
Type of waste | Total weight | Mass of Radioactivity Heat release,
of can, kg waste, kg W
o B,y, TBq
Hulls 621 541 37.7GBq 278 41.5
Caps and grids 632 552 — 1539 203
Slag 330 250 2.95TBq 619 63

4. Comparison between HAIMW Reprocessing Routes

Fuel rod cladding hulls and FA end caps as a result of nuclear fuel regeneration are

one of the main streams (~ 40% vol.) of a-emitting waste to be disposed of into

geological formations. During the past ten years in different countries a lot of research
was carried out with the aim of improving the HAMW management and, primarily,
reducing the waste volume and improving the waste incorporating matrix. Therefore, it
seems important to compare alternative routes of HAMW processing and conditioning
basing on radiologic and economic criteria.

For comparison the above six routes of HAMW reprocessing were taken including
the operations of shipping, interim storage of waste containing packages and their final
disposal.

The characterization of HAMW packages and the calculated results are tabulated in
table 10.

In the comparison between the HAMW reprocessing routes consideration was given
to two streams of waste (fuel cladding hulls and FA end caps).

It follows from the data of table 10 ‘that the volumes of the annual waste
accumulation and the resultant HAMW volume reduction factor differ, respectively, by
~300 m3 and a factor of = 5 for different routes. It is to be noted that the preliminary

decontamination of cladding hulls reduces the a-emitter and fission product activity but

‘does not affect the concentration of metal activation products, particularly, nuclides of
long half-lives (63Ni and %Zr). The now in action criteria for near surface and mine
storage facilities do not tolerate the disposal of FA end caps and fuel rod claddings even
after they are decontaminated.

Some routes(e.g., melting) provide for both the volume reduction of HAMW and

improvement of the metal qualitative composition. The other routes (NN 4 and 5) may




Comparative Characterization of HAMW Reprocessing Routes

Table 10

Nof | Packages with conditioned waste | N of drums/year | Total waste Waste volume Off-gases, Liquid effluents,
route volume, m3 reduction factor MBq/year MBq/year
size (m) volume {(m?3)
1 g=1.14 1.75 231 404 0.47 0 not determined
H=1.71
2 g=1.14 1.75 231 404 0.47 0 o=38x105
H=1.71 B,y=38x109
3 & =0.75 0.50 460 230 0.83 3H = 6200 0.5
H=1.15 Kr = 2900
4 & = (.60 0.24 965 208 0.92 3H = 6200 10-3
H=0.85 Kr = 2900
5 & =0.43 1.75 299 94 2.0 3H = 6200 not determined
H=1.35 Kr = 2900
B,y=152
6 =043 0.20 367 73.4 2.6 3H = 14000 o =102
H=135 Kr = 20900 B,y =6.3 x 10-6
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_ Table 11
Cost of Different Conditioning Routes for HAMW Arising from Reprocessing 600 t Fuel/Year
Operation Cost, M ecu, 91 1 2 3 4 5 6
Processing and | Capital expenditures 19.9 22.6 24.8 27.0 23.2 24,0
Conditioning
Gross operating 20.2 23.0 17.6 42.5 18.7 33.1
expenditures for 30 years
Shipping Capital expenditures 3.5 3.5 1.8 1.8 0.9 0.9
Gross operating 102.3 102.3 51.8 58.5 23.9 18.6
expenditures for 30 years
Disposal Capital expenditures 72.8 72.8 50.6 39.7 22.5 18.1
Gross operating 51.9 51.9 34.6 26.6 14.6 11.5
expenditures for 30 years
Total 270.6 276.1 181.2 196.1 103.8 106.2
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involve the use of additional barriers (lead, graphite) that bring down the activity of a
waste containing package.

In addition to the waste volume reduction the melting route also provides for other
effects on HAMW reprocessing, specifically, evolution of all gases contained by a metal,
an extra decontamination of a metal and a high corrosion resistance of massive ingots
and vitrified waste,

Based on the general schemes of the HAMW management the CEC experts have
evaluated the capital and operating costs of each intermediate stage of waste
management (conditioning, packaging, interim_storage, shipping, disposal). The results
of the calculations (in the prices of 01.01.91) are listed in table 1.

It follows from the data of table 11 that the route of HAMW direct cementation is
the most expensive one. The gradual reduction of the cost of waste conditioning for
disposal is achieved through the use of more efficient processes of the waste volume
reduction. The most cost-efficient routes of the 6 ones are waste compaction by pressing
(route 5) and melting (route 6). By using those routes more than 60% can be saved
compared to the other 4 HAMW management routes. It is to be noted that in all the
routes under discussion the cost of the waste shipping and disposal operations is a
decisive factor in the total cost of the HAMW management.

Proceeding from the comparison between the technico-economic parameters of the
six routes of HAMW conditioning for disposal both France and Russia give the priority
to the route of induction furnace melting of cladding hulls and FA end caps.

The activities under way at VNIINM in the framework of Project N 143 financed by
ISTC deal with the investigations of this process.
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3.2 Mock-up Facility for Cold Crucible Induction Slag

Melting of Chopped Fuel Claddings
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MOCK-UP FACILITY FOR COLD CRUCIBLE INDUCTION SLAG
MELTING OF CHOPPED FUEL CLADDINGS.

V.P. Serebryakov, VNIINM, Moscow, Russia

The goal of project N 143-94 as agreed by VNIINM and ISTC is to design an
equipment and master the technology of induction-slag melting high activity level metal
waste (the ISMW-CC process) composed of Zr-alloys and stainless steel using simulation
materials (chopped fuel cladding simulators) in mock-up and demonstration facilities.

The scope of the project activities covers:

- development, fabrication and tests of pilot equipment to be used for melting
fuel claddings and fuel assembly (FA) end pieces;

- determination of the optimal conditions (process, electrotechnical etc) of
melting Zr-alloy and stainless steel fuel claddings and FA end pieces in induction
furnaces with "cold" crucibles to produce ingots of different sizes and lengths;

- assessment of the extent to which radioﬁuclides are removed from the cladding
metal by melting using different fluxes;

- studies of the structure and properties of metal waste melting products (ingot,
slags);

- investigations of the technology used to reprocess the resultant secondary waste
(gas phase, slags).

On the basis of the established technical requirements placed.on the design and
arrangement of the equipment sited at the VNIINM rig the design documentation (DD)
has been worked out for the mock-up "ISMW-CC-1" facility. The DD on the facility
COVETS:

- assemblage drawing of the facility, specifications, drawings of the major units
and mechanisms (melting unit, hydromechanical drive, charge metering feeders, gas-
clean-up unit);

- circuits (general electrical of power supply to the facility, general electrical and
electrical joints of the hydrodrive, general electrical and electrical joints of control and
measuring instruments (CMI), a functional one for CMI, hydraulic scheme of cooling
the melting unit components, pneumatic scheme of melting process control).

The work was carried out to fabricate, assemble and adjust the equipment of the

mock-up facility.
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The "ISMW-CC-1" facility is designed for R&D to support scientifically and
technically the design of a demonstration "ISMW-CC-2" facility and in future the semi-
commercial production for conditiong by induction cold crucible melting HLMW to be
long-term stored and disposed of.

The mock-up "ISMW-CC-1" facility that is shown schematically in fig. |
consists of:

- a unit for charging fuel cladding simulators (1) and a flux (2), including
vibration and plate feeders, a gate device and a pipe-line system;

- an ingot drawing mechanism (4) comprising a hydromechanical drive and a
thrust and lever system. The hydrodrive is composed of an electromotor, a V-belt drive,
two force hydrocylinders, a filter and a tank for oil, a system of valves, throtties, cocks
and pipe-lines; )

- a system of water cooling "the cold crucible", inductor, "cold" tray, generator,
capacitor battery and matching transformer;

- a system of a gas supply (6) and clean-up (5,7,8) comprising cylinders with
compressed gases (argon, nitrogen), two successively sited recoverable metal cloth filters,
a control block a compressor-booster of a gas flow rate and an ejection device for
attaining the specified vacuum in the system,;

- a system to control the melting process comprising several subsystems to
stabilize the temperature, flow rate and electrical conditions of melting; to control the
rate of the "cold" tray travel; to control gas supply and clean-up; to control the
temperature and flow rate conditions of cooling.

Fig. 2 shows schematically the process taking place in the melting unit. Inside the
water-cooled metal crucible (1) composed of vertical electrically insulated sections a
molten bath (3) resuits. The crucible walls are transparent for the inductor
electromagnetic field (2) the solenoid of which envelopes concentrically the crucible. The
molten metal in the crucible is a conductor and absorbs the energy of the electromagnetic
field converting it to heat that is used to compensate the heat losses and changes in the
thermal condition of the charge. The molten metal is overheated by 50-150 °C, therefore
the material arriving from feeders (1.2) is melted in the zone affected by the
electromagnetic field (3) increasing the bath volume. Due to the heat transfer from the
bottom via the "cold" tray the molten metal is crystallized to form an ingot (5). The ingot
is removed from the crucible downwards with the hydrodrive. Under the conditions of

local heating by the inductor the molten metal bath volume is limited and readily
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controlled. By changing the conditions of the charge supply and the ingot travel the rates
of melting and crystallization may be fitted, thus, achieving the quasi-steadiness of the
process with heat and material balances.

Over the surface of the molten metal-cold crucible wall contact a thin layer of
solidified slag (6) results that prevents the molten metal from getting into gaps, protects
the metal of the crucible against the permanent contact with the liquid metal phase as
well as acts as a liner and thermal insulator of the bath preventing its intensive cooling.

The mock-up facility is designed to operate under the following conditions:

- molten metal output, kg/h <5.

- cladding simulator dia, mm 6-10.

- cladding simulator length, mm 10-30

- cladding materials, [2X18HI10T steel, Zr-Nb alloy.
- flux composition CaF3 + additives.

- flux amount, % : 1-5% of the metal mass.
- crucible dia, mm 60.

- height of melting zone, mm 110.
- molten metal temperature, °C < 2000.

- water flow rate, m3/h <15,

- force on crucible tray, kgf < 4000.

- off-gas temperature, °C < 200.

- filter pressure drop, mm water column < 200.

As a power supply source use is made of a machine generator of the type
BITY-100/2400 that provides 100 kW power and 2400Hz frequency. The electrical
supply unit comprises a battery of the total capacity of 757.8 microfarad.

The following scientific and technical goals are to be carried out using the
"ISMW-CC-1" facility:

- mastering the process and electrotechnical parameters of the process of
induction melting multicomponent alloys in "cold" crucible; '

- testing the units, mechanisms and systems of the mock-up facility upon melting
fuel cladding simulators in "cold" crucible induction furnace;

- mastering the methods, means of control and management of different facility
systems in the process of simulated waste melting;

- working out the initial data, technical proposals and technical assignment for

designing a larger-scale demonstraton facility "ISMW-CC-2".
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3.3 High Level Waste Solidification Technolgy by CCIM
Method
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HIGH LEVEL WASTE SOLIDIFICATION TECHNOLOGY by CCIM METHOD

V.V.Kushnikov, T.V.Smelova, N.V.Krylova, I.N.Shestopierov,
A.V.Demin, Yu.I.Matyunin (SSC VNIINM, Moscow)

Today one of the most crucial and burning problems of the bo-
di end fuel cycle is the problem of decontamination of radioactive
waste produced in the process of nuclear fuel reprocessing, their
environmentally safe storage and disposal in solid fixed forms mi-
nimizing radionuclides delocalisation from them. Such forms are
glass-like, glass-crystalline and crystalline materials of mine-
ral-like type.

Solidified forms of waste shall comply with following requi-
rements:

- high chemical stability and resistance in underground water;

- thermal and radiation resistance assuring mechanical
strength, chemical stability and abcence of nuclides transfer to
the environment‘during storage and disposal;

- thermophysical parametres of the material (thermal conduc-
tivity, heat capacity and temperature conductivity) shall facili-
tate heat removal during storage.

The tecnological process of waste solidification must provide
for processing of various types of radiocactive and toxic waste
through remote and safe monitoring of the process,‘ tranformation
of all radionuclides into solid form and off-gas purification so
that the permissible level of waste concentration is reached.

The method of high-level waste (HLW) solidification with pro-
duction of glass-like matrixes of phosphate and borosilicate type
in considered generally accepted. In Russia the method of HLW vit-
rification in the melter with direct electrical heating producing
phosphate glass was developed and used on the industrial seale at
the Productios Association (PA) "Mayak".

. The technology of HLW incorporation in the phbsphate glass
attracted researchers and production engineers by seeming simpli-
city of fluxing initial HLW solutions by liguid glassformer (or-
thophosphoric acid) not affecting its homogeneity some time ago.
This provides opportunity to feed solutions with optimized compo-
sition for thermal processing and to maintain low temperature
wvhile making glass. However, phosphate melts with significant con-
centrations of iron, chromium, nickel and sulfafe-icns have high
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corrosion characteristics in.respect of the design material of the
melter.

Two-stage process using cold crucible induction melter (CCIM)
is an alternative to one-stage process of HLW vitrification in di-
rect electric heat melter. Phosphate glass will be the finalpro-
duct of HLW vitrification process at the first stage of testing,
though, as compared to borosilicate glass, all the more mine-
ral-like materials, such phosphate glass has lower chemical stabi-
lity and thermal resistance.

One of the main properties of oxide materials is rather high
melting temperature, that causes a problem of choosing a method of
such materials synthesis. Using of cold crucible induction melter
demonstrated the better results.

Melting process in cold crucible induction melter is based on
the property of electromagnic field to penetrate the material and
attentuate in it releasing energy.

Induction heating and melting in CCIM are only after material
heating by means of any heat sours up to the temperature at which
HF-field starts attentuating in the material. The process of mel-
ting initiation is called initial heating. Preliminary or initial
heating reduces specific electrical resistance of oxides, makes
them opague to electromagnetic field. 1In general the main purpose
of the initial heating is inital change thermophysieal state of
the materials when a current may be induced in the which current
is sufficient for producing power capable not only compensate for
hit losses from heating area but also to provide for melting of
excess volume of blend.

To develop initial heating, blend or glass frt was placed in
to the crucible, afterwards initial material was injected and co-
vered with blend (glass frit).

As initial materials were used:

- graphite with size of particles 3-5 mm (burns up gradually
within 1.5 - 2 hours);

- silicon carbide (being removed after the initiation of mel-
ting process);

- melted iron oxide (III) (inrthe form of piecws up to 25 mm);

- metallic titanium (in the form of cut preliminary compscted
in the form of disk D=25 mm and 3-5 mm thick).

Tables 1 and 2 show the results of development of initial
blend heating and repeated phosphate glass heating.
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Table 1
Initial phosphate glass heating in CCIM

Initial Cylinder crucible Rectangular crucible

material

type Quantity, Time, Quantity, Time,

g min. g min.

Silicon carbide 25 - 30 20 - 25 130 - 150 70 - 80
Melted iron

oxide 30 - 40 g8 - 10 EE— _—
Graphite 25 - 30 35 ~ 40 150 - 180 100 - 120
Metallic
titanium i5 - 20 4 - 5 90 - 110 45 - 50

Table 2
Repeated phosphate glass heating in CCIM

Initial Cylinder crucible Rectangular crucible
material ‘

type Quantity, Time, Quantity, Time,

g min. g min.

Silicon carbide 25 - 30 18 - 22 130 - 150 50 - 60
Melted iron

oxide 30 - 40 7 -9 — E—
Graphite 25 - 35 30 - 33 150 - 180 90 - 100
Metallic

titanium 15 ~ 20 4 - 5 90 - 110 35 - 45

The shown results are not absolute in respect of initial ma-
terifl and the time spent for initial and repefted start-up of the
melter but are selected as applied to a particular type demention
and a form of the crucible, as well as to glass (blend) compositi-
on.

Newertheless, it is obvicus that the most acceptable for ini-
tial and repeated heating of the blend and phosphate glass is me-
tallic titanium.

Water tiles solutions remaining after uranium and plutonium

separation at reprocessing of spent nuclear fuel from power reac-
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tors and transport power plants are source of liquid HLW formation.

Moreover, in Russia considerable volumes of liquid and pulp-
like HLW have been accumulated as a result military activities.

CCIM technology features allow to sinthesize various material
greatly ranging in composition. This allows to use CCIM melting
method for solidification of waste resulted from operation of va-
‘rious spent nuclear fuel processing technologies including fracti-
onation, HLW as well as toxic waste containing heavy matals.

Composition of wastw simulator tested at CCIM technolofy de-
velopment (g/dm3):

Composition 1 Composition 2 Composition 3 Composition 4
Nas 0 - 5,0 A1203 - 41,9 A1203 - 18,9 A1203 - 19,0
Cs,0 - 5,3 Na,0 - 3,1 Na,0 - 54,0 Na,0 - 67,4
Ky O - 3,7 NiO - 0,1 Cs;0 - 0,5 NiQ - 6,3
Nio - 0,2 Fep03 - 1,2 NiO - 7,6 Fe,03 - 7,0
CaoO - a,3 Cr203 - 0,3 Cao - 5,6 Cr203 - 3,0
Fep, 03 - 1,3 oxides Fe, O3 - 14,3

Cr,03 - 0,3 REE - 0,2 Cr,0; - 3,0

Mno, - 0,5 MnoO, - 3,2

Sro - 2,1 Sro - 0,4

BaO - 2,2

Zr02 - 6,8

MOO3 - 4,5

RU02 - 4,0

Rh203 - 1;7

Pdo - 1,7

oxides

REE - 16,7

Composition 5 Composition 6 Composition 7
Csp 0 - 9,2 oxides Fe, Cr, Ni - 64,3 oxides REE - 30,3
Sro - 4,5 ZrOp - 8,5
BaO - 4,8

PO - 1,1

Moreover, to investigate iron, chromium, nickel and REE beha-
vior in the process of phosphate glass melting in CCIM in case the
concentrations considerably exeed their solubilities iron, chromi-
um nickel and REE oxides were injected into the solution simulator
of composition 1 so that injected oxides contects were 3 % and
10 % of masses above their contents in the original solution.

Since the major part of work is connected with the applicati-
on of the CCIM technology for solidification of liquid HLW produ-
ced by the Production Association "Mayak" the process of HLW simu-
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lator incorporation if hposphate glass with the final product of
the composition (%% mass.):

Na, 0 and other one-valence oxides - 24,0 £ 2
Al; O3 and other multi-valence oxides - 21,0 * 3
P, O5 - 55,0 £ 5

was developed in detail.

Table 3 shows chemical compositions of phosphate glasses
synthesized by the CCIM method at solidification of solution simu-
lator of composition 1.

Table 3
Chemical compositions of phosphate glasses
synthesized by CCIM method

Mate-| NasO | Al, 04 P05 | FepO3| Crp0O3| NiO | FPy4 (including)
rial

code Cs,0 Sro
GP-Po | 22,9 16,4 52,8} 2,0 0,45 10,30 5,0 0,60 0,24
GP-P3 | 22,8 14,3 52,5| 4,0 0,920 [0,60 | 5,0 0,60 0,24

To synthesize borosilicate glasses, blend was prepared by
Joint calcination of mixture of nitrates and datolite concentrate
(as a source of boron anhydride) (table 4) or sodium tetrabora-
te, silicon oxide and solution simulators (table 5).

Table 4
Chemical compositions of borosilicate glass in case

of datolite concentrate use.

Com-| Matrix components , %% mass.| HLW components, %% mass.

po-

si- dato- REE Fp

tion Na20 Alz 03 Fe2 03 SiOa lite oxX.|Zr0 F92 03 sSro CSzo BaO|Pb0O|ox.
conc-t

1 20,1116,4 0,7 |14,0] 41,8 - - - i,5(13,3 1,710,410,1

2 16,2]13,2 0,6 11,2 33,8 - - {25,0 - - - - -

3 16,2|13,2 0,6 (11,2 33,8 18,9|6,1 - - - - - -
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Table 5
Chemical compositions of borosilicate glasses synthesized
by CCIM method for solurion simulator of composition 1.

mate-[Nap0|Al; O3 (B O3 Ca0 | FepOj Si0p HLLW, y (including)

code cs20 | sro
GpP-B10O|18,0]| 10,0 il,O 2,0 2,0 47,0 io,0 1,08 0,43
GF-B91]20,0 5,0|12,0 3,0 3,0 46,0 11,0 1,19 0,47

At injection of 3 and 10 ¥ mass. of iron, chromium, nickel
and REE oxides into the melt of three component glass Al,03 - Nap©
- P05 even distribution of the indicated oxides along the block
height was achieved. At the same time the glasses produced at 3 %
mass. content of oxides are homogeneous and the materials contai-
ning 10 % mass. of oxides show formation of heterogeneous phase
evenly distributed in the whole volume of the glass block. 1In the
case of test with REE oxides this composition was not different
from the homogeneous glass compositions and it may be argued that
this phases are the arias of REE oversaturated solutions crystal-
lization in the melt which occurs at the centres of crystallizati-
on which centres may be any microscopic particle at glass block
cooling. At injection of 3 and 10 % mass. of iron, chromium, nic-
kel and REE oxides into the multicomponent phosphate glass' melt
(the glass already containing fission products and equipment cor-
rosion products totally no more then 5 % mass.) even distriburion
of the indicated oxides in the volume of glass block was also
achieved. Such oxide distribution in the melt above their chemical
solubility in phosphate glasses synthesized in CCIM is caused by
melt circulation due to effect produced by the currents been in-
ducted and magnetic field which generatés electrodynamic forces
effect. Depending on the current frequemcy of HF-generator, the
linear speed of melt circulation reaches 10-12 mm/sec. CCIM tech-
nology application allows to produce homogeneous melts of phospha-
te glasses with high percentage of corrosion-aggressive nuclides
(iron, chromium, nickel) and some fission products that provides
opportunity to process  HLLW actually without any limitations on
its composition in respect of these nuclides and considaribly inc-

reases percentage of incorpocation of some HLW components.
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To study the behaviour of elements of platinum group at
hposphate and borosilicate glasses synthesis by CCIM method, cal-
cinates were prepared with injection of ruthenium, rhodium and
palladium (table 6).

Table 6
Platinoid contents in phosphate

and borosilicate glasses.

Content in glass, g/kg
Element

Gp-p2* GP-B91°*
Ruthenium 9,7 10,4
Rhodium 2,9 3,9
Palladium 5,2 9,0

Note: Compositions of indicated glasses are shown
in table 3 and 5.

Glass-like materials manufactured by CCIM method and, for
comparison, in alundum crucibles in resistance melter. Melting mo-
des and some glass characteristics are shown in table 7.

Table 7
Takle modes and some characteristics

of glass-like materials.
Material| Production| Disperse
mode, particles

type °c, hours concent- Notes
ration

in glass

GP-p2 1000, 4,0 3 10° Disperse particles (1-5 mcm) and
(direct their conglomerates (20-200 mcm)
heating) :

GP-P2 1200, 0,5 8 10% Heterogeneous phase consists of
{direct separate particles (1-2 mcm) and
heating) fractial structures (10-100 mcm

across)

GP-P2 1200, 0,5 4 10% Particles (1-3 mcm) and their
(induc- conglomerates (10-540 mcm)

tion
heating)
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1 2 3 4

GP-B91 1200, 4,0 4 108 RuO, needle-shaped crystalls 100 mcm
(direct long, disperse particles 1-3 mcm
heating) across and fractal structure up

tc 200 mcn.

GP-B91 | 1400, 0,5 8 103 RuO, needle are lacking, particles
(direct 1-5 mcm across, fractal structu-
heating) res are twice as much as in the

first case.

GP-B91 1300, 0,5 1,2 10t RuO, crystalls and conglomerates
(induc- with fractal structure are lacking.

tion Digperse particles 0,5-1,0 mcm,
heating) system is practically monodisperse.

Composition of heterogeneous phases formed in the melt is ma-
inly determined by glass melting temperature and in case of induc-
tion heating represents solid solutions RuO, - (Ru, Rh, Pd),
Pd - Rh, as well as metallic ruthenium and rhodium oxide.

The perculiar feature of material melting in cold crucible is
the necessity to maintain temperature significantly exceeding the
material melting temperature. Thus, for example, it was establis-
hed by way of testing that the process of phosphate glass melting
in and from the cold crucible is stable at the temperature 1200 °C
in melting and production areas.

Sush enforced increase in melt tank temperature raises a qu-
estion of volatile fission products behavior at melting of diffe-
rent materials in the cold crucible, and first of all it concerns
cesium.

Cesium carry-over to gazeous phase may be also decreased by
covering melt surfice with a layer of blend material: calcinate or
salt fusion cake. These barier, first, ensure significant tempera-
ture gradient between melt and gaseous phase due to their law heat
conductivity and, secondly, are a kind of specific filter with go-
od absorption properties.

The research demonstrated that cesium carry-over to vapo-
ur-gaseous phase at phosphate glass melting was equal to 0,6 %.

The basic properties of solidified HLW determining the condi-
tions of intermediate storage and final disposal are chemical sta-
bility which is characterized by nuclides leaching at possible

contact with underground water.
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The conducted research demonstrated that the rate of caesium.
strontium and cerium leaching from phosphate and borosilicate mat-
rixes within the first 24 hours contact with distilled water amo-
unted to (1-3)*107°%g/(smfxday), (7-10)*10"8g/(smf*day) and less
than 1*10'7g/(sm2*day), respectively. After thirty days contact
with water the rate of caesium and strontium leaching fell down to
(0,3—1)*10"6g/(sm2*day) and (0,3—2,5)*10'6g/(sm2*day), respective-
ly.

The best option for equipping two-stage solidification of HLW
requires liquid HLW calcination in the spray calcinator (SC) at
the first stage and melting of the calcinate formed with fluxing
additives in CCIM at the second stage. In case of this option pro-
vided that original 1liquid HLW are properly calcinated (about
80-85 %) the power supplied to CCIM is used maximum possible for
calcinate and flux melting and the highest specific efficiency of
the melter in respect of made molten glass is achieved.

A spray calcinator for liquid HLW calcination is the simplest
design that is capble to provide for high degree of calcination of
solutions practically of any composition at 750-800 °cC.

pemonstration plant for two stage process is installed at the
vitrification workshop of the Production Association "Mayak" in
the chamber for completing of canisters after decommissioning of
the first industrial melter with direct electric heating. The
chamber overall dimensions, even allowing for reconstruction, were
not sufficient to install a plant of calcinator-melter type with
the efficiency up to 100 dm°/h for solution. So the forced techni-
cal decision was taken i.e. to substitute deep concentration of
original solution in a direct-flow evaporator for the first stage
of calcination. This caused a significant decrease in the CCIM ef-
ficiency in respect of molten glass production. However, at this
stage of two-stage technology development on the industrial scale
the task to achieve maximum CCIM productivity in respect of melt
is not crucial.

Ligquid HLW solidification comprises the following basic ope-
ration: _

-~ selection of-liquid HLW composition and its fluxing by ort-
hophosphoric acid for achieving the given composition of phosphate

glass;
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- deep concentration of the original solution of HLW simula-
tor in a direct-flow evaporator;

~ vitrification of the produced salt fusion cake in CCIM;

- molten glass discharge into cans;

- furnishing containers in. other container;

~ off-gas scrubbing.

Fluxed HLW solution is being continuosly feeded (flow rate up
to 100 dms/h) to the inlet of the direct-feed evaporator heated by
vapour under pressure equal to 0.5 MPa and integrated with a sepa-
rator. Deep concentration is monitored by original soclution pres-
sure at the inlet of direct-feed evaporator (DFE), heating vapour
pressure, flow rate and content of salt in the original solution.

DFE is an upright apparatus with the working head in the form
of spiral encased in a vapour jacket. Original solution and hea-
ting vapour are feeded in countercurrent. Stationary area for va-
pour phase and salt fusion cake separation is namely separator.

In the DFE the product.goes through it is sequantially hea-
ted, evaporated, nitric acid being distilled off, nitrates contai-
ned in the product partially interact with orthophosphoric acid
and then the product is dried. After vapour-gas phase and salt fu-
sion cake are separated in the sepatation area the salt fusion ca-
ke is feeded by gravity to the CCIM with the flow rate 30-40 kg/h.
Vapour-gas phase goes to a bubbler cooler which is the first stage
of off~gas scrubbing. ‘

In CCIM salt fusion cake is dehydrated, denitrified and mel-
ted at 1100-1200 °C with phosphate glass production at the produc-
tion rate 15-18 kg/h.

CCIM is a rigid structure made of water-cooled tube sections
assembled at common water collector. Crucible is encircled with a
water-cooled inductor connected to HF-generator.

The melted product is discharged from the crucible in to con-
tainers with the capacity 200 dm® mounted in a carousel conveyor.

To monitor container filling-up, weighing facility is provi-
ded.

Standard operating mode of CCIM is characterized by continu-
ous discharge of melt from crucible production area into contai-
ners. Melt stream is interrupted by a special mechanism only for
the period of container substitution.

Molten glass discharge from the crucible is observed visually
through sight glass of the chamber.
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To put CCIM imto steady operation, mitial heating is requi-
red. Initial heating is performed due to interaction of HF-field
with the conductive material placed into crucible. It may be per-
formed both on blend and glass breahage (primary) and on molten
glass longealed in the crucible (secondary).

After molten glass is cooled containers are sorted into other
container which are sealed by welding and after test for leachs
are placed in storage.

The first stage of vapour-gas phase scrubbing is bubbler-coo-
ler where vapour is condensed, condensate is cooled and primary
aerosol collection occurs.

Bubbler-cooler is a kind of column a lower part of which is
permanently filled with condensate and in an upper part of which
an additional cooler is installed. This cooler is designated for
non-condensable gases cooling.

Vapour-gas mixture comes into cube part under the solution
layer and bubles through the liquid in which coolers are instal-
led. Vapour is condensed, heat is removed, aerosols are caught by
the liguid and vapour and gases are absorbed.

In case of DFE-CCIM testing on solution simulators the second
stage of off-gas scrubbing is adsorption column for nitric oxides
catching after which scrubbed gas stream is discharged to atmosp-
here.

In case of real industrial liquid HLW vitrification at
DFE-CCIM plant the system of off-gas scrubbing of direct electric
heating melter will be operated which system is capable to provide
for off-gas cleaning from radionuclides with a factor amounting to
10%-10% . | |

To provide for safe and reliable operation of the cooling
system of CCIM and HF-generator demineralized water and condensate
with specific resistance not 1less than 20,000 Om*sm from closed
loop circulating cooling system.

The pilot plant for two-stage HLW solidification being crea-
ted will be prototype of industrial plants for the second phase of
vitrification department of PA "Mayak'.
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Technical parameters of basic equipment of two-stage
vitrification plant DFE-CCIM

Two-stage vitrification pilot plant is installed in hot cham-
ber and is designated for development of:

- HLW solidification technology on real industrial solution
and solution simulators;

~ mechanization means for remote of equipment;

- transport and technological plan for removal of containers
filled up with solidified waste and eguipment.

Camber owerall dimensions, mm:

length 8750
hight 4100
width . 2000

In the chamber there is a recess on the side where DFE-CCIM
is installed. The recess is elecignated for installation of conve-

ver with containers Its dimensions, mm:

length 2000
hight 1200
width 2000

HLW simulators solidification plant:
- volume efficiency per initial solution 1l/h 100
- temperature of glass poured into container, %C 1200

Direct-Flow Evaporator:
- volume efficiency per initial solution of HLW

simulator, dm®/h 100
- vapour consumption kg/h 120
- vapour temperature at coming into evaporator, °c 150

- operating vapour pressure at coming into

evaporator, MPa 0,4-0,5
- overall dimensions, m:
- diametr 0,55
- hight . 1,2
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Cold Crucible:

Crucible design-tweo-areas

nominal tank capacity, dm®
melt surface area, dm®

making area

production area
maximum operating temperature, °C
mass efficiency per glass. kg.h
oscillating power of HF-generator, kW
consumed power of HF-generator, kW
operating frequency, MHz
cooling water consumption per generator, m3/h
cooling water consumption per inductor, m®/h
cooling water consumption per crucible, m®/h
cooling water temperature, °cC

at in-coming

at out-coming

cooling water pressure, MPa

Bubbler-cooler

volume consumption of vapour-gas mixture, m3/h
vapour-gas mixture temperature, °cC

at in-coming

at out-coming
cooling water consumption, m®/h
cooling water temperature, °cC

at in-coming

at out-coming
cooling water pressure, MPa

Carousel conveyer
load rating, N
quantity of sockets for containers, piece
rotation angler per position, degree

Weighting unit
mass of contalner with molten glass
being weighed, kg
weight betching electronic strain metric unit

measuring range, kg

22,6

6,7
1,8
1500
no 18
160
240
1,786

210
300-600
55

25

25

30

0,4

1,2*10°

180

600

0-800
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Produced phosphate glass is being bached in

the following parameters:

diameter, mm
hight, mm
material
empty container mass, kg
container volumem, dm°
total volume
working volume
volume of molten glass being poured
into container, dam?®
mass of filled-up container,kg

containers with

575
1000
steel 3
95%10

220
200

190%10
61040
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3.4 Proposal Project Concerning to the New Project with
ISTC (as a Continuation of the Project N 143-94) under
Financial Support of the Power Reactor and Nuclear Fuel

Development Corpbration
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Proposal project concerning to the new project with IsTC
{as a continuation of the Project N 143-94)
under financial support

of the Power Reactor and Nuclear Fuel Development Corporation.

1. Name of Project: “"Investigated tests of the process of
induction-slag melting high activity level metal wastes (process
"ISMW-CC"). '

2, Chief of project: Pastushkov Victor Georgievich
Senior researcher, VNIINM

3. Introduction and review.

On reprocessing spent nuclear fuel at radioachemical plants
each ton of reprocessed fuel results in 330 kg of high activity
metal waste (HAMW) comprising the fuel cladding hulls (Zr-alloy or
stainless steel) and the cut end pieces of spent fuel assemblies
(SFA).

It seems to be reasonable (in view of the technical and
financial aspects) using of the induction-slag melting process 1in
furnace with cold cruciable ("ISMW-CC-1") as the method of
conditioning HAMW prior to expensive storage and final disposal.

Research and development of the process are currently being
conducted at VNIINM using HAMW simulators to work out the process
to the last details.

Said work are being carried out withing the frame work of the
Project ISTC N 143-94.

In the course of the Project N 143-94 technical calendar plan
the mock-up facility "ISMW-CC-1" has been designed, fabricated and
adjusted on test bench at VNIINM in 1994-1995 years.

Facility is meant to be used for testing of thetechnology and
equipment during the process of fuel clad simulators melting.

Based on the results of conducted tests of mock-up facility
design development of the integrated demonstration facility
"ISMW-CC-2" is planned in 1996~1997 years.

.....58_.
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This integrated facility is meant to be used for melting of
hulls and end pieces in an induction furnace with cold crucible
with 220 mm dia and to drowing of produced ingot of up to 750 mm
long, weighing about 250 kg each.

Proposed project seems to be logical continuation of the work
according to Project N 143-94.

The main fgool of the present project is integrated tests of
the process "ISMW-CCY" on VNIINM test bench under conditions, which
are similar in common to the hot cell operation conditions.

4, Anticipated Results.

In course of the technological parameters will be developed
to their optimal values. Facility design, system of the remote
process checking and onerating, system of the egquipment
installation and dismantling will be adjusted so that to be useful
under hot-cell working conditions at the PO "Majak®.

5. Scope of work.

The main scientific and technical goals of the project are:

- to assemble and tie of the facility "ISMW-CC" system of
checking, measuring and automation on test bench at VNIINM;

-~ to improve the electrotechnical and tecnological parameters
of the process "ISMW-CC" during industrial-scale ingot melting;

- to adjust the methods and means of collection and treatment
of resultant slag;

-~ to adjust the methods and means of discharging of resultant
ingot, its conveying intc container;

- to adjust the methods and means for remote process
operating and checking; '

- to develope the project of hot-cell equipment arrangement
for process "ISMW-CC", following the example of PO "Majak";

- to develope the recomendations concerning the technological

requlation and equipment-technology flowsheet of "ISMW-CC".
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6. Technical Approach and Methodology.

Bench tests of demonstration facility "ISMW-CC-2" at VNIINM
under remotely-operational conditions for the following stage of
the process:

- charging of HAMW simulators and flux into the cold crucible;

- melting and drowing of the resultant ingot;

- cooling; |

- conveying and loading of the ingot into the container.

Making the experience-industrial lots of the salt flux and
resultant slags.

Adjusting of the slag reprocessing technology that is to be
used for its disposal.

Bassed on the results of the investigations and tests the
recomendations concerning the technological regulation and
equipment-~technological flowsheet of the process "ISMW-CC" are to
be developed.

The project of the equipment arragement for using in hot-call
(following the example of PO "Majak") is to be adjusted too.

7. Technical Calendar Plan.

Content of work at Project stage Designation|Cost of
and deliverables of stages works
and number (thousand
of quarter [ % usa)
Adjusting of electrotechnical parameters A-1 40.0
of cold crucible melting process of 4-th quarter
large ingot from stainless steel 1997

(testing statement)

Adjusting of electrotechnical parameters A-2 40.0
of cold crucible melting process of 1-st quarter
large ingot from Zr-alloy 1998

(testing statement)
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Adjusting of methods and means for A-3 40.
charging of end pieces SFA simulators 2-nd quarter
into cold crucible and remelting them 1998

together with lump charge
(testing statement)

Making of experience-industrial lost of A-4 33.
flux and investigation their physical- 3-d gquarter
chemical properties 1998

(certificate of tests)

Technological tests of melting process B-5 35.
of stainless steel fuel clad simulators|4-st quarter
with salt-fluxs 1998

(certificate of tests)

Technological tests of melting process B-6 35.
of stainless steel fuel clad and of end|l-st quarter
pieces SFA simulators with salt-fluxs 1999

(certificate of tests)

Technological tests of melting process B-7 38.
of Zr-alloy fuel clad simulators and 2-nd quarter

stainless steel end pieces SFA togethr 1999
with salt-flux '
(certificate of tests)

Investigation of properties of resultant B~-8 35.
slags and ihgots (report) 3-d quarter

1999
Development of technical assignment and c-9 40.
rough draft of facility arrangement of 4-th quarter
MISMW-CC" in hot-cell at PO "Majak" 1s99

(tecnical assignment, rough draft)

Generalization of results of Cc-10 40.
investigation and testing. Output of 1-st guarter
final report with recomenders concerning 2000
tecnological regulation and process

flowsheet.

Total 370.
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8. Project organization-administration flowsheet.

chief of Project
Pastushkov V.G.

Detuty Project Head of Head of Administrative
leader. Head of activity activity on financial
testing works on section on adjusting of group
VNIINM test bench salt systems process Pastushkov V.G
Serebryakov V.H. Kushnikov V.V HISMW-CC" for

PO '"Majak"

condition

Dzekun E.G.
HAMW simulators Flux Group of Group of
melting group synthesis and technologists economists

studing group

CMI and A group Slag collec- Group of Office~work
tion and tre- designers group

atment group
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9. Project site and Equipment.

The Project shell be carried out on the test bench at VNIINM
(building "A", rooms 36, 37, 221, 221-a, building “I", room 111),
using fabricated (within framework of the Project N 143-94)
demonstration facility "ISMW-CC-2" and bought friquence
transformer type TTF-500-2400. Moreover means for wmechanization
and remote process oneration will be used (they will have been
fabricated in accordance with proposed project).

Newly designed equipment:

-~ device, assigned for detaching of the HAMW simulators
ingots from the cold underbottom, transfering and orienting them
to loading into the container;

- containers are designed to be loaded by of three ingot and
transfered into the box for disposal;

- means of remote "ISMW-CCM process operation and control.

To performance the works according to the Project and process
experimental results it 1is necessary supplementary equipment and
office equipment are to be bought.

The approximate list of needed equipment as well as tentative

cost are given in the table 1.1

Table 1.1
N/N Equipment Number Cost,
$ USA
1 Industrial television installa- 1 8000-00
tion (ITI-34)
2 Means of liquid pressure
measurement, type "Sapphire" 32 8000-00
3 Consumption liguid control
value 32 7000-00
4 Personal computers, type 2 4600-00
"Pentium"
5 Printer, type "HP-4V" 1 2500-00
6 Scanner , type "HP SCan-Jdet IIIC" 1 1500-00
7 Xerox, type "Cannon FC-300" 1 700-00
Total: 32300-00
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10. Deliverables.

Project activities can be tentatively subdivided into three
sections in accjrdance with which deliverables are to be

deneralized:

- mechanical and electrotechnical test of facility
"ISMW-CC-2" on VNIINM test bench;

- technological studying of process TISMW-CC-2" and

properties of unitial and final products;
- development of technolodical regulation and
equipment-tecnological flowsheet of YISMW-CC-2" process;
development of the project of the equipment arragement in
hot-cell at PO "Majak".

1i. Financial Information,

Estimated expenditures related to Project and incurred by
Executor, that are to be reimbersed by Center are summarized in
nables 1.2 with annual schedule of anticipated financial
investment during the whole period of Project realization.

Tabkle 1.2

Executor expenditures budget

N/N|Items of expenditures|{Year 1 Year 2 Year 3| Total
budget

1 |Specialists grant 72000 78000 40000 |190000

2 |Equipment : 28000 25000 - 53000

3 |Materials 34000 30000 - 64000

4 Bank fees 1500 1500 700 3700

5 |other direct exp. 4500 4500 2200 11300

6 |Business trips: 13000 4000 11000 28000

~ inside UIS 3000 4000 1000 8000

- foreign 10000 - 10000 20000

7 |Advance fees - - 20000 20000
(overhead expenses)

Total: 153000 |143000 73900 370000
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4, Jovy M ESEE H

4.1 Project Agreement
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09/27/94-Project 143-94 M=-OF

PROJECT AGREEMENT

between

THE INTERNATIONAL SCIENCE AND TECHNOLOGY CENTER

and

THE ALL-RUSSIAN SCIENTIFIC RESEARCH INSTITUTE

OF INORGANIC MATERIALS

OPERATIVE COMMENCEMENT DATE: OCTOBER 1, 1994
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The International Science and Technology Center (hereinafter
referred to as "the Center®) and the All-Rusasian Scientific
Research Institute of Inorganic Materials (ARSRIIM) (hereinafter
referred td as "the Institute"), represented for the purpose of
the signature of this Przject Agreesment (hereinafter referred to
as "the Agreement") by tZ=ir authorized representatives (with the
Center and the Instituts hereinafter referred to collectively as
“the Signatory Parties” ,

TAKING INTO ACCOUNT THE FOLLOWING CONSIDERATIONS:

The United States =Z America, Japan, the Russian Federation
and, acting as one Party, the European Atomic¢ Energy Community
and the European Coc=unity. (with these two organizations
hereinafter referred tc as "the European Community") signed the
Agreement Establishing zhe Internztional Science and Technology
Center on November 27, 352 (hereinafter referred to as "the ISTC
Agreement") and the Prztocol on Frovisional Application of the
Agreement Establishing the Interrational Science and Technélogy
Center on December 27, 2393 (hereizafter referred to as "the ISTC
Protocol"},

Finland, Sweden &=d the Rep=:blic of Georgia have acceded,
and additional States =—ay accede, to the ISTC Agreement and to
the ISTC Protocol to participate in the activities of the Center,

The Center is a l=zal entity and has been registered by the
Ministry of Foreign ZZfairs of the Russian Federation as an
international organization with Its headquarters in Moscow,

The Institute s a legaZl entity within the Russian

Federation,
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The Governing Becard of the Centef has approved the financing
of a proiect throuch the Center in the domain covered by the
Agreement,

Japaz has agr=ed to provide financial support for such a
project txhrough its agency the Power Reactor and Nuclear Fuel
Developmezt Corporation (hereinafter referred to as ‘'the
Financing Party"),

As set forth in the ISTC Agreement, funds received by a
legal entity in connection with the Centexr’s projects shall-be
excluded In determizing the profits of that organization for the
purpose o2f tax lisbility and funds received by persons in
connecticz with the Center’s projects shall not be included in
these persons’ taxable incomes,

HAVE AGREED AS FOLLOWS:

Article.l - Scope cof the Agreement

1.1 The Institute shall carry out the work plan set forth
in Annex I accorxdirz to the conditions of the Agreement, subject
to the provisions cZ the ISTC‘Agreement, the ISTC Protocdl, and
the Stat:te of the Clenter (hereinafter referred to as "the ISTC
Statute"; which gcvern in case of conflict. The activitiés
carried out wunder the Agreément are entitled "Research and
Development of Induction Slag Melting Process of EHigh Level
Radioactive Metal Wasteé" {hereinafter referred to as "the
Project”).

1.2 Subject tc any special conditions in Article 11 or any

amendmer=s or exclusions by any other Articles, the detailed
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terms of the Agreement are specified in the Annexes which form
an irtegral part of the Agreement. In the case of conflict
betwesn any provision in the Annexes and any other provision of

the 2Zcreement, the latter shall prevail.

Article 2 - Duration of the Project
The duration of the Project is estimated to be 36 months
from October 1, 1994 (hereinafter referred to as "the Operative

Commencement Date").

Article 3 - Sub-agreements with Other Participating Institutions

The scope of work of each institution which takes part in
the Froject, the organizational structure of the Project as well
as financial requirements of such institution are defined and
stip-lated in ANNEX I. The Institute shall serve as the
coor=Zinating institution for all aspects of the Project,
incl—=ding the coordination of requests for payments associated
with fulfilling the work plan. In this regard,‘within 30 days
after the Operative Commencement Date, the Institute shall
conc_ude a sub-agreement with the Scientific Industrial Center
"Inductor™ which covers all aspects of the involvement of these
institutions in the Project and which clearly defines the scope
of work and responsibilities of each institution. These sub-
agreéments will provide an essential part of the legal,
institutional, and .financial framework for carrying out the
Prof=ct. All rights and obligations of the Center and of the

Ins-itute as well as other conditions set forth in the Agreement
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shall be included in the sub-agreements. The Institute and the
institutions participating in such sub-agreements will

hereinafter be referred to collectively as "the Recipient.®

Article 4 - Financial Contribution of the Center

4.1 The total cost of the Project to the Center shall not
exceed $430,000. This tétal includes (1) items to be reimbursed
in cash to the Recipient in accordance with Article 4.2, (2)
grants in cash to be made by the Center directly to the
individual participants in the Project (hereinafter referred to
as "Individual Participants") for financial support of the
Individual Participants in accordance with Article 4.3, and (3)
items to be provided in-kind by the Center to the Recipient in
accordance with Article 4.4. After further consideration of the
costs and availability of the items to be provided, the Recipient
may, with the concurrence of the Center’s representative,
interchange items between Articles 4.2 and 4.4 with corresponding
adjustments of the cost estimates for each Article.

4.2 The Center shall reimburse the Recipient for
expenditures by the Recipient in accordance with Annexes I and
ITI. The estimated cost of such expenditures is $179,400.

4.3 The Center shall make direct grants in dollars to
Individual Participants in the Project in accordance with Annex
I at an estimated cost of $217600. This amount can be increased
at the request of the Institute and with the concurrence of the
Center’'s representative and of the affected Individual

Participants provided the costs of Article 4.2 and/or Article 4.4
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are reduced accordingly.

4.4 The Center’s in-kind contributions to the Recipient are
estimated at $33,000. These in-kind contributions will be
provided in accordance with the lists of items to be provided and
the timetables set forth in Annex I in order to enable the
Recipient to meet the work schedule for the Project. Failure by
the Center to provide the in-kind contributions in a timely
manner may give rise to a modification of the relevant provisions
of the Agreement.

The Center’s in-kind contributions, which are provided for
exclusive use on the‘Project by the Recipient during the lifetime
of the Project, include the following categories of items.

4.4.1 The Center shall provide in-kind international travel
by the Recipient in accordance with Annex I (hereinafter referred
to as "Center Provided Travel"). The cost of the Center’s
contribution will not exceed $28,700.

Center Provided Travel will be undertaken by participants
in the Project only after advanced approval for each trip by the
Center. The Institute shall send to the Center requests for
travel not less than 30 days prior to the beginning of each trip
unless a shorter time fof advance request is approved by the
Center for a specific trip. The Center will provide direétly to
the traveller the funds to cover such travel, provided that such
travel is approved by the Center prior to the beginning of the
travel. |

The Center's responsibility does not include making

arrangements for visits, passports, visas, or travel reservations
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but is limited to providing financial support, includirz funds
to cover the costs of passport and visa fees as w=l}l as
transportation and lodging, in accordance with the zravel
regulations of the Center.

The Institute is responsible to ensure that the fi-ancial
support requested pursuant to this paragraph does not exce=d the
financial limit set forth above.

4.4.2 The Center shall Provide in-kind the costs of ==rtain
bank transfer fees in accordance with Annex I (hereinafter
referred to as Center Provided Bank Fees.) They will be Zimited
to fees necessary to transfer funds of the Center into tZe bank
account or accounts of the Recipient and fees associated w=th the
payment of granﬁs to Individual Participants in the Proisc=t. The
payment for fees will be made directly by the Center =Zo the

appropriate banks.

Article 5 - éash Payments by the Center

5.1 Pursuant to Article 4.2, the Center shall gay its
financial contribution to the Recipient through specizl Bank
Accounts to be established by the Recipient in Converszank by
installments as follows:

- An advance payment of $42,000, which is the estimat=el level
of expenditures by the lRecipient during the fi-st six
months of the Projecﬁ, as soon as possible followzing the
Operative Commencement Date;

- Quarterly payments within one month of the receict by the

Center of progress or annual reports and associatz=2d cost
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statements in accordance with Article § and Ann=xes II and
IITI. The amounts of the payments sha’l be estimzzes by the
Center of the funds required to suprcrt the work plan set

forth in Annex I during each of :tk= succeedizz quarters

taking into account the cost stateze=: from t-s previous
period;
- A retention shall be made by the Cz=zer of $3I,800. The

retention shall be released to the Institute within one

month following the approval by tz= Center cZ the last

technical or financial document <=z other <dsliverable
required by the Agreement.

5.2 Pursuant to Article 4.3, the Czz=:zer shall :aké grant
payments directly to Individual Particica=zs in acccrziance with
letters of agreement between the Centser and the Individual
Participants. The Center shall ensure tzac tanking arrangements

are established for these payments.

At the end of the third month Zc’l:-wing ths Operative
Commencement Date and every three montzsz tIereafter throughout’
the duration of the Project, the Instituz2 represezzed by the

Project Manager whd is identified in 2Z-=-=x I will z=rovide the
Center with a list of grant payments that are due az that time
to Individual Participants in accordénca wizh the paytenf levels
set forth in Annex I énd the amount cI time devczad to the
Project by each Individual Participa=t =as certif-a=d by the
Project Manager. Such payments will the— be promp=ly made as
appropriate by the Center.

Since the Individual Participants will remain employees of
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the Recipient, the Center’s =zt of direct grant payments to the
Individual Participants will —ot transfer from the Recipient to
the Center any liability for damages caused by the Individual
Participants.during executic= of the Prcjects or any liability
for damages to the Individua® Participants during execution of
the Project.

5.3 If there have been =xpenditures for the Project by the
Recipient prior to the Operz:ive Commexncement Date pursuant to
the Center’s Letter of Commizment of June 24, 1994, the Center
shall reimburse such expencitures as appropriate as soon as
possible following the Operazive Commencament Date. To this end,
the Institute will promptly submit to the Center its claim for
such payments together with supporting cacumentation. The Center
will thereupon make .such Tayments to the Recipient’s bank
account (s) and/or through c-rect grant payments to Individual
Participants. Both types of Tayments will be included within the

cost limits set forth in Arzicle 4.

Article 6 - Cost Statements by the Recipient

6.1 Five copies in Eng_ish and twc in Russian of quarterly
cost statements shall be =:bmitted by‘the Institute to the
Center. The first statement -s to be subzitted no later than four
months after the Operativé Cocomencement Date and will cover.the
first three months of projec:-activity. Subsequent statements are
to be submitted at three-mor:th intervals following submission of
the first statement. The statements will be appended to the

relevant technical reports szecified in Article 7. The statements
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will ihclude the costs of grant payments directly to Individual
Participants, but the requests for such grant payments in
accordance with Article 5 should not be delayed pending
preparation of the entire quarterly cost statements called for
in this Article. |

6.2 Five copies in English and two in Russian of a
consolidated ccst statemsnt shall be submittéd by the Institute
within two months of the completion, cessation, or termination
of the work firzanced by the Centexr. If such a statement is not
submitted on time, th= Center may request in writing its
submission. If the Center does not receive the submission within
thirty days afz=r such a written request, the Center may consider
the previously claimed costs to be final and determine to make
no further reizbursemen:.

6.3 Cost statements shall comply with the formats prescribed

in Annex III.

Article 7 - Reports and Other Project Outputs

7.1 The Z=stitute shall submit five copies in English and-
two in Russiaz of the following reports in accordance with the
format prescrited in An-ex III:

- Quarterly progress reports covering each three-month period
following the Operative Commencement Date to be submitted
within oz2 month a“ter the end of each reporting period. If
there haws been prior expenditures as described in Article
5.3, tha first report shall include any necessary

modificazions of the work plan. Progress reports are not
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required on those dates when annual reports are due.

- Annual reports. The first annual report will be submitted
by November 1, 1995, and will cover the first twelve months
of Project activity. The second annual report will be
submizted by November 1, 1996..The Center will submit to
the Institute its evaluation of the work performed and of
the annual report within one month after receipt of it
unless notification is given by the Center of the necessity
for & longer review period. The Institute will inform the
Center within one month following the receipt of the
Center’s evaluation of steps being taken to respond to the
obserrations in the evaluation.

- A firal report. A draft final report will be submitted
within two months of the completion of the Project work
plan, cessation or termination of the Agreement, or the
agreed completion dgte of the Agreement, whichever will be
the earliest. The Center will submit to the Institute its
evaluation of the work performed and the draft final report
within two months after receipt by the Center of the
reporc. The definitive final report will then be submitted
to tke Center within one month following the receipt of the
Center’s evaluation and will take into account the Center'’'s
evaluation. If the Center does not submit an evaluation
within two months, the draft final report shall be
considered the definitive final report.

- Editad reports for publication as specified in Article 4.1

(c) =f ANNEX II.
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7.2 For the purposes of the Agreement, "deliverables" are
defined as any significant outputs, including all reports, of the
Project to be submitted in accordance with Annexes I, II, and
I1T.

Article 8 - Ownership and Exploitation of Results

8.1 The results arising from the Agreement shall be the
property of the Recipient in accordance with Part F of Annex II.
The Recipient shall take appropriate action to exploit or
commercialize the results and to make available the results to
third parties in accordance with the framework specified in Part
F of Annex II. Cooperation agreements with foreign institutions
complementing, but not éonflicting with, this framework.may be
entered into by the Recipient.

8.2 In accordance with Part F of Annex II, prior to
completion of the Project, the Institute shall submit to the
Center for its approval a Technology Implementation Plan.

8.3 Exploitatioﬁ of results shall be limited to applications
for peaceful purposes. In this regard, the Recipient shall ensure
that any results which could result in concerns over
pfoliferation of weapons technology and transfer of sensitive
technologies will be protected in accordance with relevant laws
of Russia and international agreements and conventions to which

Russia is a Party.
Article 9 - Auditing and Monitoring

9.1 Access by the Center and the Financing Party to carry

out on-site monitoring of all activities of the Project shall be
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granted by the Recipient, and information and assistance shall
be given for the verification and evaluation of the Project
activities as set out in Annex II.

9.2 Audits of costs may be carried out by the Center and the

Financing Party as specified in Annex II.

Article 10 - Amendments, Variations, or Additions
The provisions of the Agreement and its Annexes may be
amended or supplemented only by means of a written agreement

signed by authorized representatives of the Signatory Parties.

Article 11 - Special Conditions

There are no special conditions relating to the Agreement.

Article 12 - Disputes
‘Disputes arising during performance of the Agreement
including, in particular, (i) a claim by the Institute for any
payments deemed due; (ii) an interpretation of a provision of the
- Agreement; or (iii) a request for relief or approval related to
the Agreement, shall be subject to the following procedure.

The Institute shall submit any claim, demand, or request in
w;iting to the Chief Procurement Officer of the Center. The
written decision of the Center shall be delivered to the
Institute within four weeks of the receipt of the submission.

Exceptionally, the Institute may appeal the Center’s

decision in writing through the Executive Director of the Center



PNC TN8100 96—003

to the Governing Board of the Center within four weeks of the
éommunication of the Center’s decision.

The decision of the Governing Board shall be final and
binding. Pending the final settlement of disputes, the Recipient
shall, nevertheless, proceed diligently with the performance of

the Agreement.

Article 13 - Liability
13.1 The Center shall not be liable for any material loss,
damage, or injury of any nature arising from, or in connection
with, the performance of the work under the Agreement solely by
virtue of financing the Project, including liability from direct
grant payments to Individual Participants as set forth in Article
5.2.
13.2 The Center shall not be liable to the Recipient or
third parties for claims arising from
- the publication or transmission of any report in accordance
with Articles 4 and 13 of Annex II,
- the application of the contents of any report by a third
party,.or
- the handling or use of producﬁs which result from. the

Project.

Article 14 - Termination of the Agreement
14.1 The Center may terminate the Agreement by a written
notice to the Institute, with the termination to be effective

after 30 days or a longer period as determined by the Center
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following receipt of the notice by the Institute.‘Notwiths:a::;:
any termination, the submission of reports and cost stacs—=--
covering the period up to termination shall be required.

14.2 The Agreement may be terminated due to force c=z-=:-e
or to other factors beyond the control of the Recipient.

14.3 I1f the Agreement is terminated pursuant to parzs—zzis
14.1 or 14.2, costs shall be limited to the allowabls =-z=-g
incurred by the Recipient prior to the termination and sucrz =z==r
costs as the Center considers to be fair and reasonable z=<i-g
regard to commitments which have been reasonably entered ‘==z ==
which cannot be cancelled or avoided.

The Recipient shall comply with the directions of ths T=-==r

in the termination notice to reduce or mitigate these ccs-=.

Notwithstanding any termination, the following previsiz=s

of the Agreement will continue to apply: Article 12 (Disz:=== ,
Paragraph 7 (Accounting Principles, Allowable Costs, and Trza—s==r
of Costs) and 8.2 (Equipment) of Annex II, and Part F ¢ Z-==x

I (Ownership, Exploitaticon, and Dissemination of Resul:s
14.4 Furthermore, if the Center terminates the Agrs=c-===

because of actions by the Recipient which obviously violazz= z==

stated cbjectives of the Center or to other conditions spac-=:i=
under the ISTC Agreement or the ISTC Statute, the Reciziz=t
shall, upon demand by the Center, promptly return all E2v—==1Is

and goods previously provided to the Recipient. Notwithsta—=%-
the provisions of Article 14.1, termination pursuant tc =Zis

paragraph shall be effective immediately upon receipt cZ ===z
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written notification of the termination I the 1Institute,

Notwithstanding any termination, Part F of Anzmsx II will continue

to apply.

Article 15 - Annexes
As specified in Article 1.2, the nsXss are an integral
part of the Agreement. They are:
Annex I Work Plan
Annex II General Conditions

Annex III Formats for Progress and Cost Reocris

Article 16 - Entry into Force of the Agreexzext

The Agreement shall enter into force c= Z«tober 1, 1994,
Prepared in Moscow in the English and Fiss.an languages. In
the event of inconsistencies between the =Z=z_ish and Russian

texts, the English text shall take precedezcz.

For the Center For t== “—stitute

N d%é%z«& Polyakcv A.S.

Deputy Director

(Name and Title)

N ORIHIKO Y pXOYAM4
CO~CHIER PROCUREA ENy
(date) JFFes s R
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ANNEXY I
PLAY OF WORK

on the Froject N 143

1. Name of project:Research znd Development of Induction Slag
Melting Process of High Level Radioactive

Metal ¥Wz2s<es

2. Chief of project: Pastush*ov Victor Georgievich
Seniar -esearcher, ARSRIIM,
Address: Rogov 5, 123060, Moscow.

3. Introduction and revier

On reprocessing spent fuel assemblies (SFA)} independent of
the type of nuclear reactor ezch ton of reprocessed nuclear fuel
results in 330 kg of high activitr metal waste (HAMW) containing
aside from fuel cladding hulls {Zr-alloys or stainless steel) dif-
ferent structural elements of S7A (spacer grids, wrappers and mas-
sive, but hollow end pieces of SFA (stainless steel),

Those metal wastes are d, B, ¥ - emitters the radioactivity
of which 1is induced by in-pile ifradiation and availability of U
and fission products that diffuse from fuel into ciadding during
reactor operation and fuel rgp:ocessing. Presently HAMW is not
subject to reprocessing, it is stored in specially designed stora-
ge facilities (Zr-alloy waste 1is filled with alumina) which is
rather expensive. Reprocessing and disposal of HAMW can be benefi-
cial in several aspects: .

- reduced space of storage facilities or repositories;

~conversion of a part of EAMW (stainless steel) to 1low- and
intermediate activity waste and, hence, the storage and disposal
become more simple and less expensive;

-improvement of environmental safety on HAMW storage and

disposal.
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In the diversity of the proposed methods of HAMW reproces-
sing. namely. two-stage compaction {USA, Germany. Japan), bitumi-
nization (Germanv). oxidation of claddings followed by incorpora-
tion into silicazte -7 alumesilicate compounds (USA. France}l of the
highest practicei Interest is the method of induction slag melting
in a furnace wizh =z :old crucible. This method has been studied in
detail in France wusing Zr-alloy and stainless steel fuel clad-
dings: the feasibi.ity is shown of not only a factor of six reduc-
tion of .the wzste amount but also a 2-3 order decontamination of
waste to remove lorz-lived radionuclides to produce monolithic in-
gots up to 200 ms dia and up to 1 m long suitable to be disposed
of. The experie=ce zained in France and preliminary studies carri-
ed_ out by ARSRIIM znd ARSRIETE indicate the feasibility of induc-
tion-slag meltinz a.l types of HAMW in furnaces equipped with cold

crucibles to prcoducs ingots up to 500 mm dia and up to 2.5 m long.

' h

The purposs o this project is to investigate and check the

imulated materials in pilot and demonstration

Lrl}

technology usios
facilities of i:i:::ion-slag'melting Zr-alloys and stainless steel
that differ in compr-osition, mass. geometry and extent of radionuc-
lide contaminatiasn. It i{s expected that when commercially realized
this process'wiii r:sult in a factor of 6 reduction of HAMW volume
and. hence. in z reizction of space of expensive storage faciliti-
es and repositories zs well as in improved environmental safety
and economic effizizncy of disposal of various HaMW. In accordance
with the purposss z-~3 goals of ISTC the proposed project involves
the resolutioﬁ af issues rtelevant to ecologically safe management

ing from nuclear fuel. weapons materials inc-

pe
n

of active waste ar

luded. reprocessing.
The Governing 3Board of the Center has approved in June 24,

1994 the financing :f a project through the Center in the frame-
work of activits ccvered by the Agreement.

The Power Tzac:a2r and Nuclear Fuel Development Corporation.
Japan. (hereinzfte- referred to as "the Financing Party") has ag-
reed to provide fir:zacial support for such a project. _

The work ¢z t=2 Project will be conducted in close organiza-
tiona! and tech-aslczical cooperation with the PNC represented by

Mr. S. Konomi. the Seneral Manager. During realization of the re-
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ssarc=h mutual exchange of information is planned by sending ex-
psrts to each other.

“he development of this project will promote the evolution af
fuadzzsntal and applied R & D in Russia in the field of enviran-

mEntz. protection as well as- integration of Russian specialists to

[l
[

ke izternational scientist community.
<. Anticipated Results

In the course of the project the techﬁology shall be develop-
e 2 using HAMW simulators pilot equipment shall be checked

thzt iz to be used for HAMW conditioning prior td disposal. decon-
tazinztion and reliable fixation of remaining long-lived radionuc-
l1{Zez fthe half-life more than 104 yvears} in metal matricies the
:? leaching from which is less than 107 g cm~? day-!. Tnduc~-

e
ticn s'ag meliting is expected to remove TUE and FP from metal was- -

ts =1 the decontamination factor of more than 500 and to produce
inzot: of specified mass and shape suitable for disposal.

. Scope of Work

~-e main scientific and technical goals of the project are:

- to determine the optimal conditions (technological. elect-
retecinical, etc) of melting SFA Zr-alloy and stainless steel com-

pcner:s in an induction furnace with cold crucible to produce in-

nq

)

ts cf different diameters and lengths:
- to assess the extent of TUE and FP removal from HAMW by in-
duztizn slag melting with different fluxes:
- to investigate the technology of reprocessing resultant se-
condzisv wastes (slag. gas phase):
to study the structure and properties of intermediate and

final products of HAMW reprocessing:
~ to design and fabricate a pilot equipment for melting dif-

fz=rert HAMW (subagreement with SPC "Inductor").
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6. Technical Approach and Mcthodology

For fuel rod claddings. induction slag melting in a furna-
ce with cold crucible produces an ingot drawn or incremented to
specified mass and geometry with fixation of the main mass of TUE
and FP in solid slag to be disposed of individually or added to
flux used in LHLW vitrification.

For end pieces of SFA it is induction slag melting in furnace
with cold crucible individually or together with spent fuel clad-
dings. Based on the results of the variety of physical-chemical
and metallographic analyses the amdunt and quality of radionuclide
incorporation into metal and slag matrices as well as radiconuclide
distribution in ingot. slag. and gas phase are to be assessed. and
the technological and electrotechnical parameters of processes of
cold crucible melting simulated compositions, ingot formation and
slag reprocessing are to be adjusted. Based on the results of tes-
ting individual units of pilot facilities (metering devices. c¢ru-
cibles. mechanism of inzot drawing. ets and oth.) and the design
of facilities. their electrotechniéal characteristics are to be
adjusted and recommendations for designing remotelyv-operatsed equ-

ipment are to be developed.

. Technical Calendar Plan

Events or activities Time of Project work Scope of
(Content of work at Project accomplishment work.
stages and deliverables) (designation of stage {man/month

and N of quarter}

Deve lopment of physical-chemical A-1 50
and electrotechnical aspects of 1st quarter
induction-slag HAMW melting

process {report)

Design development of mock-up A-2 50
facility ™"ISMW-CC-1" (design 2nd  guarter

documentation)
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Investigation of slag properties
and its reprocessing technology

{report)

gth guarter

1 2 3
Fabrication of mock-up facility A-3 53
"IsSMW-CC-1" { certificate of 3d quarter
manufacture)
Installation and adjustment of A-4 14
"IsMW-CC-1" ({ certificate of 4th  qguarter
commissioning)
Determination of electrotechni- B-5 54
cal characteristics of process 5th  quarter
of fuel «clad simulator melting
in cold crucible (certificate
of testing)
Determination of process parame- B-6 55
ters of simulator fuel clad mel- 6th  quarter
ting. Output of initial data and
-technical assignment -‘for develo-
pmént of demonstration facility
(report, technical assignment)
Development of demonstration B-7 55
facility "1SMw-CC-2" design 7th quarter
{design documentation)
Fabrication of demonstration fa- B-8 36
cility "isMw-cc-2" (certificate 8th quarter
of fabrication)

cC-9 58
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1 2 3
Assesment of the extent of HAMW C-10 58
decontamination from TUE and FF 10th quarter
by reprocessing fuel clad simu-
lators {(report)
Testing demonstration facility Cc-11 3
"ISMW-CC-2"(certificate of test) 11th quarter
Generalization of the results of C-12 3¢
studies, output of final report 12th guarter
{report) |
8, Participation of staff
8.1. "Weapons" scientists and engineers
NN|Name and surnamejDate |Previous |["Project”|Univer-|Durati-{Wzz=
of activiti-lactiviti~|sity on of =z
birthjes es, dayvs jdegree |Project =
work. s Us:
dayvs
1 2 3 4 5 6 7 S
1 {Pastushkov V.G, 1939 |Reproces-{ Project |c.t.s. 530 KA
sing of leader
HLW on
fissiona-
ble mate-
rial re-
generati-
on
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1 2 3 4 5 6 7 8
2 |Kushnikov V.V. 1939 |Fissiona-{Deputy c.ch.s.| 500 18,0
ble mate-{Project
rial re- {leader
proces-
sing
3 |Serebryakov V. 1939 -t Head of - 500 16,0
activity
section
4 |Rakov N.A. 1934 -~ Consul- - 200 15,0
tant
5 {Drobyshev V.A. 1944 |Melting HAMW c.t.s. 460 15,0
‘ and cast~{melting
ing fis-
sionable
materials
6 |Zolotarev A.B. 1943 - - - 460 13,0
7 {Pychkov V.N, 1944 —-"- == - 460 13,0
8 {Dubikov A.A. 1958 - ~-"- - 360 12,0
9 {Shestoperov I. 1958 =M= -t - 460 13,0
101EKrylova N.V. 1927 |Reproces—{Study of |e.ck.s.| 420 15,0
sing of .Islag pro-
HLW on perties
fissiona-
ble mate-
rial re-
generati-
on
11|Musatov N.D. 1949 —"- -n- - 420 15,0
12|Matyunin Yu.I. 1957 - -1 - - "360 12,0
13|Demin A.V. 1958 -"- "= - 360 12,0
14 |Mikheikin §5.V. 1958 ~"- =" - 400 13,0
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1 2 3 4 ! S 6 7 8
1
15|Smelova T.V. 1956 "= Pinm==z2sti- - 420 15.0
tzzzion of
sl:z re-
re-2less-
‘imf tech-
nS.ogy
16f1gnat’ev S.V. 1956 -"- -"= - 360 12
171Molchanov A.V, 1940 =" lroismat-~ c.t.s 360 15,0
tizz of
ToiIess
18|{Demidovich N.N. (19239 -"- trzrroces- - 360 15.0
tgizz ga-
szz2s ef-
if.z=nts
9|Voronina Z.G. 1940 -"- -7 - 360 13.0
20{Kositsin V.F. 193~ |Chemica! "azzivti- |d.t.s 360 15.0
analysis :z. sup- |
of fissic z::-¢
nable ma-
terials
21 |{Kuchumov V.A. 1940 =" - - c.ch.s.| 360 15.0
22|Kudrayvtsev V.N.[1943 |Mass-spss’ ~-"- - 360 15,
trometry
of fissic:
nable ma-*
terials !
23| Malugin Y.V, 1938 |Automat- ‘A=somat- - 360 13;0
jon of vizn of
process ico:sctess
24 [Sherbatuh V.I. 1938 -"- b= c.t.s. 360 15,0
25 |Konovalov L.N, 1938 |Materio- ‘fazziyti- |d.ch.s.| 360 15.0
logy of iz2. sup-
fission- !zzcot
able ma- |
terials
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8.2, Other Sciezzists and Engineers

_90_

NN[Name and surnamel|Cz:e i Previous |"Project"|Univer-|Durat- [Wage
o7 ! activiti-|activiti-|sity ion of |per
bizt :es es, days |[degree |Project|day.
{ work. S USA
} davs
}
1 2 3 i 4 5 6 7 8
i |
26jEliseev N.P. 1751 ; Develop- |Develop- - 250 13.0
lment of ment of
iDlIOt pilof
:-qu1pment equipment
27|Mikhailin G.V. O -"- -"- - 250 i2.0
28|Fortsman V.A, HEE R !?atent Patent c.t.s.| 200 13.0
‘z2nd licenjand licen
ése inves-|se inves-
f:igation tigation
291Sinvagina E.D. RER "= -"- - 300 12.0
30(Pirogova T.G. 1737 laccoun- Accoun- - 230 12.0
tancy tancy
31|Sopova S.A. iz 1 -t- -t - 250 [12.0
32{shohina Z.D. - L -"- - 250 12,
33}{Suslina A.K. 1:+f iZconomics|Economics - 300 10.0
i of R & D {of R &D
34|0rlova S.A. MR -"- -"- - 250 10.
351Kozlyaeva V.B. 1228 i ransla- |Transla- - 400 12.0
:.ion tion
Blau V.A. tIIC !Head of Organiza- 200 10.0
igroup of jtion of
linterna- |interna-
itional tional
lconnect- |connect-
ilons ions
Bolgov V.P. 3z i Enginee- (Enginee- 200 15.0
Iring sup-{ring sup-
iport port
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€.3. axuxilliary Personnel
NN|[Name a=Z surname|Date |Previous |"Project”|{Univer-|Durat- [Wage
of activiti-|activiti-|sity ion of |{per
birth|es es, days |degree {Project|dav.
work. 5 Usa
days
1 z 3 4 5 6 7 S
38|Shevzhur ALV, 1944 |[Fabricat-|{Fabricat- - 300 13.0
ion of ion of
pilot pilot
equipment{equipment
39lAndrs=7T ALA. 1944 e -"- - 300 10.0
40 Sumezxc— V.A, 1958 -'"= == - 300 10,0
41tDowmenin V.G. 1854 - == - 300 10.0
2tBonfz-=7z2 0.G. 1946 |Clerical |Clerical - 400 10,0
work work
43|Saviz: >.G. 1938 |  -"- -"- - 300 10.0
:.2. aAuxilliary Persennel (SPC "Inductor™)
NN{Xamsz znZ surname|Date |[Previous |"Project"|Univer-|Durat- [Wage
of activiti-lactiviti-|sity ion of |per
birth|es es., days |[degree |[Projectijday,
work, s USaA
days
1 z 3 4 S 6 7 S
44 Gubcz=znc> AP, 1939 |Develop~ |Develop- c.t.s ' 300 15,0
ment of ment of
electro- |electro-
technical|technical
equipment |equipment
451Glebev .1, 1934 == -"- - 250. 12.0
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1 2 3 4 5 6 7 8
46|Ladozhsky V.G. 1932 =" ="~ - 200 11.0
47 |Aalekseev A.V. 1940 =" ~"- - 200 11,0
48|Aleshin A.S. 1944 =" -"- - 200 11.0
49 | Akhmedov M.M. 1839 =" -"- - 250 10.0

Scheme of Project Management

Project leader
Pastushkov V.G.

Supervisor of
activities
relevant to
HAMW melting
Serebryakov V.P
{(ARSRIIM)

Supervisor of
activities to
study slag
properties and
reprocessing
Kushnikov V.V,
(ARSRIIM)

Supervisor of
activities to
manufacture and
test ISMW-CC
facilities
Gubchenko A.P.
(SPC "Inductor™)

Organization
and
accountancy
group
Bondareva 0.G.
(ARSRIIM)

HAMW melting

group

Group to stu-
dy slag pro-
perties and

reprocessing

Group to manu-
facture and

test equipment
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9. Project Site and Equipment
The Project is to be carried out using test benches at ARSRI-

IM (building "A". rooms 37 and 221} and SPC "Inductor" using its
to be fabricated mock-up and demonstration facilities "“ISMW-~-CC-1"
and "ISMW-CC-2". To install and test "ISMW-CC" facilities "cosme-

tic" repair of room 37 {(area of 55 m?), building " A " at ARSRIIM
and 250 kW and 10 kHz thyristor freguency generator (TFC-250-10
type) are needed. '

Newly designed equipment:

- mock-up facility "ISMW-CC-1" is designed to investigate the
process of induction slag melting simulated fuel clads in a cold
crucible 60 mm dia to produce an ingot up to 200 mm long ( using
high frequency 2.4 kHz 100 kW generator).

"ISMW-CC-2" demonstration facility is designed to .master
the process of induction slag melting simulated fuel clads and
end-pieces of FA in a cold crucible 200 mm dia to produce an ingot
up to 1 m long {using thyristor 250-kW and 10 kHz frequency gene-
rator).

To process experimental results and reported documents compu-
ters as well as accounting and business machinery are to be obtain-
ed,

The approximate list of needed equipment as well as tentative

costs are given in the following table:

N Equipment Numbe; Cost. § UsA
1 |Mock-up facility "ISMW-CC-1" | 2.400
2 |Thyristor frequency generator TFC-230-10 1 20.000
3 |Demonstration facility "ISMw-CC-2" 1 50.000
4 |Personal computers., type 486 DX 2 4,600
' type Note Book 1 2.000
5 |Laser Printer (HP-4) 1 2.000
6 |Ink-jet printer (HP Desk Jet) 1 2.500
7 |Scanner (Scan Jet) 1 1.500
8 {Xerox (A 4) 1 300
(Type Cannon FC-330 or Mita CC-10)
Digitizer . 700
10 |Telephones Panasonic with responder 2 300
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10, Deliverables

Project activities can be tentatively subdivided into four
sections in accordance with which deliverables are to be generali-
zed: |

- design. manufacture and tests of mock-up facility

"ISMW-CC-1":

- design. manufacture and tests of demonstration facility
"ISMW-CC-2":

- studying and mastering the technology of induction slag
melting simulated HAMW: .

- studying properties and investigating the technology of me-

tallic ingot and resultant slag conditioning before disposal.
11. Financial Information

Estimated expenditures related to Project and incurred by
Executor that are to be reimpursed by Center are summarized in
tables 1-2 with annual and quarterly schedules of anticipated (fi-
nancial investment during the whole period of Project realization.
TABLE ! _

Estimated Acgcrecate Expenditures bv Recipient

Cateeporwy Ist & 2nd Quarter Year-! Year-2 Year-3 Total

l. GRANT PAY'T 37200 63200 72400 77000 217600
Category 1 27C90 15130 47900 50850 143980
Category 11 4300 11640 12350 13130 37120
Category III 2100 6230 6620 7050 19500
Category IV 3800 5200 5530 5870 16600
2. EQUIPMENT 36800t " 36800¢* 50000f¢° 0 86800f "
Modifications 0 0 0 0 0
Capital Eguip,. 22400¢ 22400¢* 50000¢C* 0 72400 °
Non-Cap Eguip. 14400¢° 14400""* 0 0 14400t *
Maint. & Repr. 0 0 0 0 0
Leased Eguip. ' 0 0 0 0 0
Usage Fees 0 0 0 0 #]
Subtctal (1})* 36800 36300 50000 0 S6SG2
Subtotal (2)*=* 0 0 0 0 0
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Category 1st 2nd Quarter Year-1 Year-2 “vez:-3 Total
3 .MATERIALS 1400° 4200 7000" 2500 13700
Raw Materials 700 2100 4000 P30 7400
Lab. Supplies 400 1500 2300 €20 4600
Safety devices 100 200 300 : 900
Other 200 400 100 L2 1200
Subtotal (1)# 1400 4200 7000 25T 13700
Subtotal (2)}%x* 0 0 0 < 0
4. BANK FEES 700 1400 1400 1320 4300
5. OTHER DIRECT 5300 10600 11900 2723 35500
Computer Sup. 800 1800 2000 2200 6000
Account. Sup. 300 1300 1400 50 4200
Reports/Publish 600 1300 140¢C =20 4300
Communications 700 1300 1400 30 4200
Security 800 1500 1500 tE2D 4500
Admin. Supplies 300 1600 1800 il 5400
QOthers. S00 1800 2402 Y | 6900
6.TRAVEL & PER DIEM 2500 12400 135800 I 41300
Internal *#*x 2500 3900 43¢ L3 12600
Qutside CIS 0 8300 5400 tDITO 28700
~. OVERHEAD 0 0 0 213100 30800
Total 83900 133600 156500 32279 430000
Remarks:

¥ Subtotal of Equipment or Materials purchased by Recirient

x* Subtotal of Center Provided Equip.

*¥¥ Inciuding local and

or Materials

inside-CIS Travels,
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TABLE 1-2

Estimated Expenditures v VNTINM
Category lst & 2nd Quarter Ys3v- Year-2 _Year-3 _ Total
1. GRANT PAY'T 33400 6320 66870 71130 201100
Category I 27000 4351270 47900 50950 143980
Category II 1300 1.347 12350 13130 37120
Category I11I 2100 £237 6620 7050 19900
Category IV 0 0 0 o 0
2. EQUIPMENT 34400° 320" 0 0 34400
Modifications 0 3 0 0 0
Capital Eqip. 20000 aciots 50000 0 72400°"
Non-Cap Equip. 14400 141070 0 0 14400°"
Maint. & Repr. 0 z 0 0 0
Leased Equip. 0 2 0 0 0
Usage Fees 0 z 0 0 0
Subtotal (1})* . 34400 3120 0 0 34100
Subtotal (2)*% 0 z 0 0 0
3 .MATERIALS Too! R 2000¢ 2500° £900"
Raw Materials 300 L 1000 1700 3300
Lab. Supplies 200 oo 600 600 1700
Safety devices 100 LA 200 0 300
Other 100 g og 200 100 600
Subtotal (1)* . 700 i<0° 2000 2500 5900
Subtotal (2)#*% 0 c 0 0 0
4. BANK FEES 600 130 1300 1400 4000
5. OTHER DIRECT 4400 ST0C 10060 10600 28300
Computer Sup. 800 1201 1500 1500 4000
Account. Sup. 700 1300 1300 1300 3900
Reports/Publish 500 1267 1200 1300 3500
Communications 500 110 1200 1300 3600
Security 500 136G 1100 1200 3300
Admin. Supplies 600 15C1 1700 1800 5100
Others. - 800 A A 2000 2200 5900
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Category Ist & 2nc OQ=-arter Year-1 Year-2 VYear—-3 Total
6. TRAVEL & PER DIEM 2307 9900 11000 11800 3270¢
Internal **x 2507 3400 3500 3800 10702
Qutside C1S 0 6500 7500 8000  2200%
Overhead charges 0 0 0 25600 2560%
Total TEA0 7 118700 91170 123030 3329C0
Remarks:

*+ Subtotal of Equipment or Ma-srials purchased by Recipient
+* Subtotal of Center ProvifeZ Equip. or Materials

*%%x Including local and insid=-CIS Travels.

TABLE 1-3
Estimated “x-onditures by SPC "Inductor"

Categorv ' lst & 2nZ Q:-zarter Year-1l_ Year-2 Year-3 Total
1. GRANT PAY'T : 230 5200 5530 5870 16602
Category I ' 0 o 0 0 0
Category 11 C 0 0 0 0
Category 111 C 0 0 0 0
Category IV 38C: 5200 5530 5870 16600
2. EQUIPMENT 2200 2400 50000 0 52400
Modifications c 0 0 0 0
Capital Eqip. ZaGo 2400 50000 0 524C0
Non-Cap Equip. 2 0 0 0 0
Maint. & Repr. g 0 0 0 0
Leased Equip. 2 0 0 0 0
Usage Fees g 0 0 0 0
Subtotal (1)* 0 0 0 0 0
Subtotal (2)#%* Q 0 0 0 0
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Category Ist & 2nd Quarter Year-1 Year-2 Year-3 Total
3 .MATERIALS 600" 1400 6000 400* 7800
Raw Materia:.s 500 1000 5000 0 " 6000
Lab. Suppliss 100 200 500 200 900
Safety devic:zs 0 0 0 0 0
Other 0 200 500 200 - 900
Subtotal ([ = 600 1400 6000 400 7800
Subtotal (2 == 0 0 0 0 0
4. BANK FEES S50 100 100 100 300
5. OTHER LDIF=T7 200 ' 1800 1900 2400 6200
Computer Suro. 0 : 0 0 ¢] 0
Account. SurT. 50 100 100 100 300
Reports/PullisZ 100 200 300 400 900
Communicatiz=zs 200 500 600 700 1800
Security 100 300 300 400 1000
Admin. Surglies 100 300 - 300 400 1000
Others. 200 500 300 400 1200
6. TRAVEL & TZ% ZIEM 200 2500 2800 3300 3600
Internal === 200 300 800 800 2100
Outside CIS 0 2000 2000 2500 6500
Overhead chzr-s= 0 0 0 5200 5200
Total | 7950 13500 66330 17270 97100
"Remarks:

* Subtotal cf Zzuipment or Materials purchased by Recipient
#%¥ Subtotz! -7 Center Provided Equip. or Materials

**% Includi-z  ocal and inside-CIS Travels.
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Equipment requirements

Equipment To Be Provided In-Kind by Center

Equipment To Be Purchased By Recipient.

is not provided.

TA3LE 2
“vpe of Equipment Anticipated Use Estima- Required
ted Cost Delivery
Time
L.Mock~-up facility "ISMW-CcC-1" Improvement of 2400 Quarter-3
technology of
melting HAMW
Z.Thyristor frequency genera- Improvement of 20000 Quarter-2
tor TFC-250-10 the experimen-
_ tal equipment
> Demonstration facility Tests of the 50000 Quarter-~§
"I1SMw-CcCc-2" experimental
equipment
“rpe of Equipment Anticipated Use Estima- Required
ted Cost Délivery
Time
< Personal computers, Processing of
type 486 DX results of 4600 Quarter-1
iype Note Book researches 2000 Quarter-1
f _Laser Printer (HP-4) Clerical work 2000 Quarter-|
< Ink-jet printer (HP Desk Jet) -"- 2500 Quarter-1
~ Scanner {Scan Jet) =-"- 1500 Quarter-1
Xerox (A 4) "= 800 Quarter-1
.rpe Cannon FC-330}
= Digitizer Processing of 700 Quarter-1
results of
researches
:0 Telephones Panasonic with Communications 300 Quarter-1

-23ponder
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Anmex II " General Conditions

Part A - Implementation of the Work
Article 1 - General Provisions

1.1 The Recipient shall make best efforts to achieve the
objectives of the Project and shall comply with all Russian laws
applicable to the Project{

1.2 The Recipient shall, in particular, comply with all
applicable laws and regulations related to safety.

1.3 The 1Institute shall notify  the Center’s Project
representative without delay of:

(a) any event or circumstance which may materially affect the
Project, and

(b) any proposal for significant changes of key personnel during
the Project.

Article 2 - Subcontracting

2.1 Subcontracting shall require the advance written approval of -
the Center. However, approval shall not normally be given for
subcontracting in any State that is not a Party to the ISTC
Agreement unless the Center determines in writing that such
subcontracting is essential for the Project.

2.2 The Recipient shall impose on a subcontractor the same
obligations as apply to itself with respect to any rights of the
Center or the Financing Party concerning the Project.

2.3 The provisions of Article 2.1 of this Annex shall not apply
to Sub-agreements pursuant to Article 3 of the Agreement or to
orders for materials, equipment, and services which are
incidental to or intended to facilitate the execution of the
Agreement and placed in the normal course of business in
accordance with the internal procedures and rules of the

Recipient.

Article 3 - Monitoring of the Work .

3.1 The Center, or its representatives, shall:

{(a) Have access to portions of facilities where the Project is
being «carried out and to all equipment, documentation,
information, data systems, materials, supplies, personnel, and

services which concern the Project for monitoring the progress
of the Project as described in Annex I.

(b) Be provided with technical and cost information ‘concerning
the management and progress of the Project requested at any time.

(¢) Give the Institute not less than 20 days advance notice of
any intended on-site monitoring of the Project.

- 101 -
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3.2 The Financing Party, or 1its representatives, shall >e
entitled to the same rlghts as the Center under Article 3.1
should they choose to exercise them through the Center.

3.3 The Recipient has ‘the right to protect those portions =f
facilities that are not rélated to the Project.

3.4 After completion or termination of the Project, the Reciciez:
may utilize the facility or portion of the facility previcusly
used for the Project for other work. However, all documenta=i-n
and records including those associated with equipment, 2&zza
systems, materials, supplies, and services utilized on t=e
Project must be maintained and available for review by tXxe
Center, the Financing Party, or their representatives, for up =o
two years following the Project’s completion or terminatice=.

3.5 The Institute shall, if requested by the Center, partlc;ca:e
and assist in meetings to review or evaluate the Project duri-g
the lifetime of the Proyect

Article 4 - Reports

4.1 The Institute shall submit the following reports, :ir a
suitable quality to enable direct reproduction, to the Center for

approval:

(a} Periodic technical and cost reports, in English and Russiz-—,
as required in Articles 6 and 7 of the Agreement pres-arad
according to the specifications in Annex III;

(b} A final report, in English and Russian, covering all =t*e

work, the objectives, the results, and the conclusions, incl:di=g
a sultable summary of all these aspects; and

(c) Reports, as mutually agreed, prepared in a suitable for—= =or
publication and satisfactory to the Center.

4.2 The Institute shall submit any additional reports or z=y
other deliverables specified in the Agreement.

4,3 The Recipient should clearly identify any reports or porcicos
of reports that contain business confidential informatica as
defined in Part F, Article 14(8) of this Annex. The Recizi=at
also may include a suitable disclaimer in any report ag=zi-s
possible c¢laims by third parties.

Article 5 - Completion or Expiration of the Agreement

5.1 The Agreement shall be deemed to be completed on the apprec+al
by the Center of the last deliverable required or last payw=at
by the Center, whichever shall be the later.

5.2 Subject and without prejudice to the provisions in Part L of
this Annex, the Institute shall be deemed to have discharged -ts
obligations in respect of the performance of the work after czhe
approval of all the reports and any other deliverables recquixed

—102-
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by the Agreement.
Part B - Payments
Article 6 - Payments by the Center to the Recipient

Payments of allowable costs other than thz Z=anter’s in-kingd
contributions, the Center’s grant paymezts to Individual
Participants, and overhead payments shall be —z3Z= in accordance
with the following principles.

6.1 Cost statements shall be expressed in T% dollars unless
otherwise specified in the Agreement. All pay—==Ts by the Center
shall be made in that currency unless otherwise agreed.

6.2 The financial contribution by the Center =Zall be paid in
installments as specified in Article 5 of thkz Xgreement.

6.3 If the Center considers that the work Zzs not effectively
been commenced within three months of the pavzent of the first
advance, the Center may require the reimbursez=—: of the advance
together with any interest earned on the advz=zcs. ‘

6.4 If on completion, cessation, or terminatizz 3f the work, the
payments made by the Center exceed the actuz_ =llowable costs,
the Recipient shall promptly reimburse the diZference to the
Center. Interest may be added to this amour:t &7 the prevailing
market rate as determined by the Center czz =onth after the
reimbursement date specified by the Center.

6.5 Subject to Article 12 of this Annex, perizcdic payments made
against cost statements shall be considered z= advances until
acceptance of the appropriate deliverables, Iz accordance with
Annex I, or, if no deliverables are specifiez, =ntil acceptance
of the final report.

Part C - Ailowable Costs

Article 7 - Accounting Principles, Allowable Costs, and Transfer
of Costs

7.1 Costs shall include actual costs incurrz22 for the Project
after the Operative Commencement Date which arsz —=cessary for the
performance of the Project, with the excazzion that costs
incurred prior to the Operative Commencement Zaze in accordance
with the Center’s Letter of Commitment of Jurns zZ£, 1994, may also
be included. Allowable costs may only include tke cost categories
defined in Articles 8 to 10 of this Annex.

7.2 The original estimates of expenditures s2t Zorth in Annex I
may be adjusted by the Institute between catagcries without the
prior approval of the Center, except for red:zztions in personnel
costs and increases in travel costs, and ctrovided that the
transfers do not fundamentally affect the sccc2 zr content of the

" Project.

- 103-
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7.3 The Recipient shall ensu—e that no unnecessary cost or
unnecessarily high or extravagaat cost is charged to the
Agreement,

Article 8 -~ Direct Costs
8.1 Personnel

8.1.1 Personnel costs shall be secarated into four categories as
described in Annex I and reflec=ed in the reporting form in Annex
III. Even though some or all oI tiese costs may be reimbursed by
the Center through direct g=an:t payments to the Individual
Participants, the Recipient is rassponsible for certifying the
times devoted to the Project kv tke Individual Participants and
for maintaining necessary Jocumentation to support such
certification.

8.1.2 Personnel costs shall &= charged to reflect the actual
eight-hour days, or one-half Zays when appropriate, worked by
personnel assigned by the Reciziezt to the Project in accordance
with Annex I. Work periods of less than four hours may not be
charged. .

8.1.3 Personnel costs for a szacific period of time may not be
charged to this Project if reirbursement is being received from
other sources for the same pericd of time.

8.1.4 The Project Manager may I-crease or decrease the time
commitments of personnel by ur tc 10 percent during one year of
any individual without approvz’ cI the Center but may not change
the daily rate without apprcva. by the Center. The Project
Manager may request more sigz:fiIcant changes in the personnel
commitments, including changes iz the names of the personnel, at
the beginning of each quarter wizh a brief explanation of the
reasons for the changes. In unusual situations, the Project
Manager may request changes dioxizz the quarter. The Center will
respond promptly to such ==g:2sts. Changes in scientific
persconnel must provide for the —ew participants to have technical

personnel they replace.

8.1.5 The Center will not reirburse personnel costs associated
with holidays, annual vacatic—s, overtime, or sick leave. Such
additional «costs, if any, are the responsibility of the
Recipient.

8.1.6 The Project Manager shzll ensure that the scheduling of
annual leave by the Individua” Farticipants does not interfere
with accomplishment of the ¥Wecrk Flan in Annex I.

8.1.7 The Recipient is resporsikle for any medical expenses or
compensation claims for injurZes or other losses for personnel
working on the Project which zxe directly or indirectly related
to the Project.

8.1.8 Individual weekly recorZs of time devoted to the Project
must be signed by all personnel assigned to the Project, and all

=104 -
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records must be cerzified at least monthly by the Project Manager

B.2 Equipment

8.2.1 Equipment st=11 be categorized according to the location
of its use -- iz 2 facility, in a laboratory, or in an office;
and equipment ccsts shall be further categorized as indicated in
the reporting fcrz In Annex III.

8.2.2 The cosz c¢Z equipment used in the Project which is
purchased, fabricazsd, or leased after the Operative Commencement
Date may be charzel as a direct cost. The total leasing cost of
any piece of equip=ant shall not exceed the cost which would have
been allowable Zcr its purchase. )

8.2.3 Unless sp=ciZied otherwise in Article 11 of the Agreement,
title of purchzsas< equipment with an acquisition cost per unit
of less than $z,5I. (non-capital equipment) shall vest in the

Recipient upon Z=iivery to the Recipient, whether purchased by
the Recipient cr crovided in-kind by the Center. The title to
equipment costi=z —cre than $2,500 (capital equipment) shall be
vested in the CZezzer throughout the duration of the Project
unless the Cezzer vests the title in the Recipient. Upon
completion, cesssticn, or termination of the Project, the title
to such equipme=:z shall be vested in the Recipient unless the
Center informs —hZe Znstitute on or before that date of its intent
to retain title tc tze equipment. The Center shall reimburse the
Recipient for a—y ccsts associated with the storage or movement
of the equipmer= szculd the Center decide to retain title to the

——

equipment after cc—gletion of the Project.

8.3 Materials

The costs of rszuired materials shall be allowable costs. They
shall be categsrizad as raw materials, laboratory supplies,
safety devices ==d crotective gear, and other as indicated on the
reporting form Za Zmnex III.

8.4 Other Direzt Zosts

8.4.1 Other dir=ct costs shall be categorized as indicated in the
reporting form in Zanex III.

8.4.2 Costs ircurrad by the Recipient in using its internal
resources for pexformance of the Agreement such as costs
associated witr (2! testing facilities, (b} computer services,
(c) special test ezuipment, (d) dedicated security services, and
{e) dedicated zcccunting services, but excluding items covered
by Article 9 of Ac—ex II, may be charged as direct costs through
valid cost allocazion formulas approved by the Center to the
extent such costs contribute to the Project, provided such
facilities and services are open to access for monitoring and
auditing in acccrézace with Article 9 of the Agreement.
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8.5 “xravel and Per Diem for the Recipient

Travel and per diem within the CIS shall be charged in accordance
with the internal rules of the Recipient which are subject to
apzrzval by the Center. International travel shall be provided
by tz= Center in accordance with Article 4 of the Agreement,

8.2 Sub-Agreements and Subcontracts

[

8.§.. Subject to Article 2 of this Annex, costs of subcontracts
skal’l be allowable costs and shall be included as discrete
ertriss in the appropriate categories on the reporting form of
Arzex III. If the subcontractor is a scientific institution being
ergazaed in a sub-agreement pursuant to Article 3 of the
Acgres=xent, costs are allowable only to the extent that they would
be =zllowable if incurred directly under the Agreement, 1In
seleczting a subcontractor other than a scientific institution
pursiant to Article 3 of the Agreement, the Recipient shall
conrare prices and quality of several subcontractors and choose
tke —ost cost-effective offer. For any subcontract costing more
trar the equivalent of $25,000, the Recipient shall organize a
bidding process. For any subcontract costing between $10,000 and
$25,200 (equivalent) written quotations shall be obtained from
tEra= sources to the extent possible.

8.€.2z Should the Institute enter into a sub-agreement with a
scleztific institution pursuant to Article 3 of the Agreement,
tre reporting form in Annex III shall include the costs incurred
purs:ant to the sub-agreement which shall be supported by
d=zziled information.

Article 9 - Overhead

A fixed payment may be charged with respect to overhead which
ccvers items such as general administration, institutional
manazement, depreciation’ of buildings and general equipment,
maincenance of building and grounds, telephones, heating,
ligtzing, electricity for the buildings, and general staff
traiz=ing.

T=e payment shall not exceed 10% of the direct Project costs,
excl=ding equipment, travel, and subsistence.

incz the overhead will be retained by the Center until
acceztance of the final report, the Institute need not inclugde
tzis item on the reporting form in Annex III.

Axticle 10 - Costs Not Allowed

Allcwable costs shall not include, among others:

- a—y profit;

- azy contributions to pension, medical, or other social funds;
- aroy provisions for possible future losses or liabilities;

- azy taxes, including profit tax, value added tax, personal
income tax, and local taxes, as well as any other tariffs, dues,
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custom duties, import duties, fees, or other imposed taxes or
similar charges;
- any costs allocable to other projects;

The Center will determine the use of any interest earned from
funds provided by the Center or return on investment of such
funds. Such interest or return on investment must be reported to
the Center,

Part D - Justification of Costs and Auditing
Article 11 - Books of Account and Documentation

The Recipient shall maintain in accordance with the accounting
practices set forth in the Agreement proper books of account and
appropriate documentation, such as invoices and time sheets to
support and justify the costs reported. These shall be made
available for audits by the Center and the Financing Party during
the period of the Project and for a period of up to two years
following the Project’s completion or termination.

Article 12 - Auditing

12,1 Cost statements are subject to verification even after the
‘Center has reimbursed costs. The Center and the Financing Party
have the right pursuant to the ISTC Agreement and ISTC Statute
to carry out on-site auditing of all activities of the Project.
The Institute will be given not less than 20 days notice of any
intended audit. For the purposes of the audit, the Recipient
shall make accessible all portions of facilities, equipment,
documentation, information, data systems, materials, supplies,
personnel, and services related to the Project.

12.2 The Recipient has the right to protect those portions of
facilities that are not related to the Project.

12.3 The Recipient shall maintain all documentation and records
including those associated with equipment, data systems,
materials, supplies, and services utilized on the Project and
shall make such documents, records, and to the extent possible
personnel available for audit for a period of up to two years
following the Project’s completion or termination.

12.4 The Center and the Financing Party shall have the right to
select Courts of Auditors or other organizations or individuals
to carry out audits of the Project; and they shall be entitled
to the same rights, should they choose to exercise them, as the
Center and the Financing Party in respect of access to, and
verification of, any document under the Agreement for the purpose

of any audit.

- 107-



PNC TN8100 96—003

Part E - Confidentiality and Promotion of Information
Article 13 - Promotion of Technology and Information on Resultg

Confidentiality

13.1 All reports or portions of reports specified by the
Institute as confidential, other than those specified in Article
4.1({c) shall remain confidential.

13.2 Subject to any obligations under this Agreement and in
accordance with applicable laws and regulations, the Signatory
Parties undertake to keep confidential any matter communicated
Lo them as confidential in relation to the execution of this
Agreement, wunless information so disclosed is or becomes
legitimately available to the receiving party through other

sources without any covenant as regards its confidentiality,

Information and Technologqy Promotion

13.3 The Center and Recipient shall take appropriate steps to
publicize new developments so that third parties may become

aware of opportunities to license technology developed with
Center support. The final report publishable under Article 4.1 (c)
of this Annex shall include adequate information on the results
arising from the Project concerned, their availability and other
aspects of relevance for potential users or interested parties.

13.4 The Center shall be entitled to publish general information
on the Agreement in respect of the Recipient, its title and
objective, its estimated allowable costs, its duration, the
Center’s financial contribution, and the names of managers and
laboratories where the research is being carried out.

13.5 Any communication or publication concerning the Project
shall acknowledge the Recipient, and the cooperative support of
the Center and of the Financing Party.

13.6 Each Party to the ISTC Agreement and the Center shall be
entitled to a non-exclusive, irrevocable, royalty-free license
with the right to sub-license in all countries, to translate,

Lo reproduce and to publicly distribute scientific and technical
journal articles, reports and books directly arising from the
Project.~ All publicly distributed copies of a copyrighted work
arising from cooperation under the Agreement shall indicate the
names of the authors of the work, unless an author explicitly

declines to be named.

‘1 When the objective of a project is only to produce an
article, report, or book that is expected to be valuable in
itself, the Financing Party (or its designee) and the Recipient
{(or its designee) may agree to protect, allocate, and manage any
intellectual property under mutually agreed terms.
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Part F - Ownership, Exploitation, and Dissemination of Results

Article 14 - Definitions

For the purpose of Part F of this Annex:

1)

2)

3)

4)

5)

6)

8)

9}

"Tntellectual Property" shall have the meaning defined in
Article 2 of the Convention Establishing the World
Intellectual Property Organization, done at Stockholm

on July 14, 1967.

"Foreground Results" means Foreground Information and
Foreground Patents.

"Foreground Information® means information, including all
kinds of results, generated in the execution of this
Agreement.

"Foreground Patents" means patent applications, patents,
copyrights, plant variety rights, and other. similar
statutory rights for inventions or improvements made or
conceived by the Recipient or any person employed or engaged
by the Recipient in the execution of this Agreement.

"Background Results" means Background Information and
Background Patents. p '

"Background Information" means information, excluding
Foreground Information, owned or controlled by the Recipient
in the same or related fields as the research under this

Agreement and generated outside the Project. '

nBackground Patents" means patent applications, patents,
copyrights, plant variety rights and other equivalent
statutory rights excluding Foreground Patents, owned or
controlled by the Recipient in the same or related fields
to the research executed under this Agreement and originated

outside the Project.

vBusiness Confidential Information" means information
containing know-how, trade secrets, or technical, commercial
or financial information, which either:

--[i] Has been held in confidence by its owner,

--{ii) 1Is not generally known or available from other
sources, :
--[iii} Has not been made available by its owner to other
parties without an obligation concerning its
confidentiality, or

--[iv] Is not available to the receiving party without
obligations concerning confidentiality.

In the application of the provisions concerning the granting
of licenses, access and user rights for Information and

Patents within or beyond projects:
- "fair and reasconable conditions" means conditions which

have regards to the mutual interests of the Center and

=109



PNC TN8100 96—003

the Parties to the ISTC Agreement and dc === abusively
restrict exploitation, commercia’izrstion or
competition;

- "transfer conditions" means conditions w=ich have a
value lower than the favorable conditions, =srmally the
cost related to making the licenses and zz=sss or user
rights available;

- "royalty-free" means at no cost anf =zgainst no
conditions other than those specified ir Z=~t E of this
Annex.

Article 15 - Ownership

15.1 All rights worldwide to intellectual propertwy z~ising from
the Project, including patent protection for industri=l property,
shall be held by the Recipient {(or its designee).

15.2 When two or more institutions are involved ir- %== execution
of this Agreement, they shall agree on the arranczc—=ats for the
allocation of ownership, as between themselves, =2 Foregrounds

Results.

15.3 The Recipient (or its designee) owning Forecr—u:nd Results
shall provide adequate protection for Foreground Z-Zsrmation
and Patents at its own expense, except as proviZz=Z in Article

16.2 of this Annex.

15.4 If the Recipient (or its designee) owning Forsz——u:nd Results
decides not to provide adequate protection for —-Zsrmation or
Patents described in Article 15.3 in the territcry =Z a Party

to the ISTC Agreement other than the territory cZ e Party or

Parties where the Recipient is located, each suck Fz~xty (or its

designee) and the Financing Party (or its desigm==) have the
option to provide such protection in that territzr+ at its own
expense,

15.5 Each Party to the ISTC Agreement is expected =z —se its best
endeavors to ensure that rights acquired are exexc-sed in such
a way as to encourage:

{a) The dissemination and wuse of nec=--snfidential
information created, provided, or exchanged ‘= the course
of the Project; .

(b) The adoption and implementation of I—zernatiocnal

technical standards; and
{c) Fair competition in areas affected by tks Xgreement.

Article 16 - Access Rights for Commercial Purposes

16.1 The Recipient (or its designee) shall develcz, exploit, or
commercialize Foreground Results in conformizy with the
principles and timescale established in a Technology

Implementation Plan agreed with the Center at, oz zefore, the

end of the Project. The Financing Party will, iZ requested,
provide assistance to the Recipient in managing t== Znatellectual
property.

16.2 The Recipient (or its designee} shall grant t== Financing
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Annex IIT Formats for Progress and Cost Reports

Format for Technical Reports

Quarter.y reports shall specify the progress, any actual or
proposes deviations and modifications to the Work Plan in Annex
I, and the results obtained. The reports shall contain sufficient
informazion to enable assessment of the progress and cooperation
within thz Project. The details of the Annual Report shall be
agreed upcn at an appropriate time by the Recipient and the
Center’s Project representative. A suggested format for quarterly
reports is as follows:

I. Summary of Technical Progress (By task in the Work Plan)

1. Milestones Completed

III, Su-=zry of Personnel Commitments

1V. Maior Equipment Acquired

V. Description of Significant Travel

VI. Currzac-- Technical Status (on schedule, behind schedule, ahead
of schedtle)

VI. Delays, Problems, Suggestions

The quzrterly report should be between three and five pages
(single scace).
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Party {(or its designee) an exclusivs,. irrevocable, royalty-free
license, with the right to sub-license, for commercial purposes
in that Party’s territory. In such czses, the Financing Party and
the Recipient shall agree on appropriats compensation for persons
named as inventors. Costs of protectica in that territory shall
be borne by the licensee. When the bzneZits from the exploitation
of intellectual property arising fror the Project are expected
to exceed significantly the Finzacing Party’s expected
contribution to the Project, the Recipient (or its designee) and
the Financing Party (or its desicues) may agree to protect,
allocate, and manage intellectual p-oparty under mutually agreed
provisions that are consistent witX tzeir laws and regulations
and the principles of the ISTC Agre=wrsant, :

16.3 Upon the request of the Financing Party (or its designee),
the Recipient (or its designee) skall enter negotiations for
licenses in additional territories z=n Zair and reasonable terms.

16.4 Upon the request of a non-Fina—cizg Party (or its designee),
a non-exclusive license for commercial purposes, with the right

to sub-license, shall be granted iz ciat non-Financing Party’s
territory, on fair and reasonable Z=r—s to be mutually
agreed, taking into account <tkha:t non-Financing Party's

contribution to the establishment zné operation of the Center;
the Financing Party (or its design==2) shall be entitled to a
license on the same terms in <cha: non-Financing Party’s
territory.

16.5 The Recipient shall grant on rezsonable conditions access
rights for Background Results owneiZ ty the Recipient necessary
for the exploitation of intellectu=l property arising from the
Project, provided that the Recipiezz =ntity is free to disclose
such Background Results, that no rz-cr business interests of the
Recipient oppose the granting of access rights, and that in
making this opposition such interssts are not abusively
restricting the exploitation of such rights.

16.6 Persons named as inventors sh=11 receive not less than 15%
of any royalties earned by the Recipiant.

Article 17 - Access Rights for Non-commercial Purposes

Foreground Results

17.1 The Recipient owning Foregrou=3 Zasults shall grant an non-
exclusive, irrevocable license to Forsground Results on transfer
conditions for non-commercial purpicsss, with the right to sub-
license, to the Center and to eack Party to the ISTC Agreement
(or its designee) for the territory <f each Party in which the
intellectual property is protected. Ugon request the Parties will"
exchange information on licenses a-d sub-licenses granted under
this paragraph.

Background Results
17.2 The Recipient shall grant a license, with right to sub-
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license, to Backgrc;:: Results necessary for the use of
Foreground Results dsscribed in Article 17.1 for
non-commercial purposes.

Article 18 - Notification of Limitations, Restrictions and
Obligations

18.1 The Recipient szzll use reascnable care and diligence in
determining whether IzZ:zrmation or Patents are, or may become,
subject to the limitz=izn, obligations, or restrictions of thlS
Article.

18.2 The Institute skzall notify the Center prior to the signature
of, and promptly duri-z this Agreement of:

(a) Any contrac:tz=" limitation that may limit access rights
for Background Zas:lts;

(b) Any obligaticz to grant rights for Foreground Results
to a third par-y. which may affect the exploitation or
commercializatic= of the Foreground Results;

(¢) Any restriction arising from government or similar

regulations whicz --y'materlally and.adversely affect rights
necessary for === performance of the work or the
exploitation oxr ccmmercialization of the results of the
work.

Article 19 - Duration znd Implementation of Part P

19.1 The rights and c:_-catlons of the Recipient resulting from

this part of this =+ shall apply;
[i] For the dur:::on of the Foreground Patent, in respect
of Articles 16..-Z and 17.1-2; :

[ii] For a perizZ of 10 years after the expiration, or

termination, of —=is Agreement in respect of the remaining
obligations.

19.2 The cessation <7 :the rights and obligations under this
Article shall not aZZ=zz the continuance of any access rights
where they were duly r=suested prior to such cessation.
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TABLE 4

Aggregate Quarterly Financial Reports by Recipient

Reporting Period:

Cost Categqorvy

1 .GRANT PAY'T
Category I
Category II
Category IIIX
Category IV

2 .EQUIPMENT
Modifications
Capital Equip.
Non-Cap Equip.
Maint . &Repair
Leased Equip.
Usage Fees
Subtotal (1)*
Subtotal (2)**

3.MATERIALS
Raw Materials
Lab.Supplies
Safety Devices
Other
Subtotal (1)+*
Subtotal (2)**

4 .BANK FEES

5.0THER DIRECT
Computer Sup.
Account. Sup.
Reports/Publish
Communications
Security
Admin, Supplies
Others

6 . TRAVEL&PERDIEM
Internal *#*x*
Qutside CIS

Cost for Quarter Accumulated Cost Total Budget

Total

Remarks:

*Subtotal of Equipment or Materials purchased by Recipient
**Subtotal of Center Provided Equipment or Materials
***Including Local and Inside-CIS Travels

{AUG/05/94)
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TABLE 4-2
Quarterly

Financial Reports by Each Institution

Name of Institution:

Reporting Period:

Cost Category

1.GRANT PAY'T
Category I
Category II
Category III
Category IV

2 ,EQUIPMENT
Modifications
Capital Equip.
Non-Cap Equip.
Maint.&Repair
Leased Equip.
Usage Fees
Subtotal (1)*
Subtotal (2)**

3.MATERIALS
Raw Materials
Lab.Supplies
Safety Devices
QOther
Subtotal (1)*
Subtotal {2)**%*

4 .BANK FEES

5.0THER DIRECT
Computer Sup,
Account. Sup.
Reports/Publish
Communications
Security
Admin.Supplies
Others

6. TRAVEL&PERDIEM
Internal *#*%*
Outside CIS

Cost for Quarter Accumulated Cost Total Budget

Total

Remarks:

*Subtotal cof Equipment or Materials purchased by Recipient
**Syubtotal of Center Provided Egquipment or Materials
***Including Local and Inside-CIS Travels

(AUG/05/94)
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Table 5

Reguests for Grant Payments to Individual Participants

1) Name of Institution (Name of Handling Bank)
Name & Pass.No. Proij.Respon. Workdays DayRate AmountDue

Category I (Weapons Specialists)
1.
2,
3.

Category II (Other Specialists)
1.
2.
3.

Category II1I (Support Personnel)
1.

2.
3.

Category IV (Non-10/50 Personnel)
1.
2,
3.

Sub-total of Institution

2} Name of Institution (Name of Handling Bank)
Category I

Category II

Sub-total of Institution

Total Category I
Category II
Category III
Category IV

Grand-total

Signature of Project Manager
Date

(AUG/05/94)
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4,2 Technical Report
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A A Bochvar All-Russia Scientific Research
Institute of Inorganic Materials ( ARSRIM )

International science and 123060, RUSSIA, MOSCOW
technology center (ISTC) ARSRIIM

Mr. A. Gerard Phone: 196-82-75
Deputy Executive Director Telex: 411609 Rubin
ISTC, Moscow Fax: (095) 196-42-52

Fax: (095) 321-47-44

TECHNICAL REPORT
on
Activities Performed at Stage 1 of Project N 143-94,

1. In compliance with the technical calendar plan of the pro-
ject (Stage A-1) in the last quarter of 1994 technical-scientific
and patented information was generalized and analysis as relevant
to the technology and equipment used to reprocess radiocactive ne-
tal wastes aimed at their long-term storage or disposal. ["Analysis
of Developments in the Field of Technology and Equipment for Rep-
rocessing Radioactive Metal Wastes, Physico-Chemical and Electro-
technical Fundamentals of High-Activity Level Metal Waste Inducti-
on Slag Melting" by Pastushkov V. G., Kushnikov V. V., Serebryakov
V. P. and oth. Report of ARSRIIM, N 8314, 1994 (43 pp., 4 figs, 18
tables, 57 references)]. Special emphasis is placed on the problem
relevant to conditioning for disposal of high activity metal waste
(HAMW) as fuel rod cladding hulls, end fittings and spent fuel as-
sembly (SFA) wrappers made of Zr-alloys or stainless steel. HAMW
characteristics are described in detail, namely, composition and
amount of structural materials in SFAs of different reactors:
distribution of radionuclides in chopped fuel rod claddings as re-
actor operated and after fuel dissolution; technological properti-
es of cladding hulls ({(density, bulk density, moisture content,
particle size distribution, impurities etc.).

Consideration is given to three groups of processes of irra-
diated fuel red cladding reprocessing, namely, mechanical {(pres-
sing), thermo-mechanical ( hot pressing, melting) and chemical
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ones (oxidation and conversion of Zr to other chemical forms). It
is noted that the choice of a specific method of HAMW reprocessing
is to a significant extent determined by the national concept of
RAW management, availability of stable geologic formations for RAW
disposal, feasibility or need in the further recycle of a metal,
requirements placed by the national safety standards.

1t is also noted that the problem of conditioning HAMW to be
long-term stored or disposed of becomes more urgent in countries
developing nuclear power with the closed fuel cycle which is exp-
lained by increased amounts of wastes of this kind, their intrica-
te storage due to the pyrophoric fine fraction of Zr-alloys and
high activity level of wastes due to a wide range of long-lived
fission products available and tritium evolution.

Presently there is no generally adopted concept of management
of wastes having different activiiy levels. In most countries the
re-use of a decontaminated metal is theoretically accepted, howe-
ver, since there are no legislatively established national stan-
dards, the unlimited recycle of decontaminated metals ( specifi-
cally, stainless steel) is made difficult nowadays. Despite the
general tendency for the re-use of metals it is presently restric-
ted to fabrication of containers or other equipment to be used in
nuclear engineering. ‘

Essentially all studies of HAMW reprocessing are at the stage
of R&D; the exception is the process of pressing followed by ce-
mentation (Germany, France) and melting (France, Russia). From our
point of view, the mostly mastered process of fuel cladding pres-
sing followed by cementation in steel drums is little suited as a
model for the establishment of a commercial technology due to the
low life-time of a cement matrix = 100 years, significani rates of
radionuclide leaching from those matrices and low cladding content
of the final product. For the same reason the practicability of
employing other matrix materials (graphite+sulfur, glass, cera-
mics, Al or Pb alloys) is questionable.

Most promising are methods of HAMW melting that allows a fac-
tor of 5-6 reduction of waste volumes and a factor of 150 reducti-
on of waste effective surface, decontamination of metals using
fluxes (at Kyo 10%) but also conversion of fuel rod claddings to
the most stable metal form suitable if needed for a re-use. It is
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also shown that the process of induction-slag melting of HAMW in
an induction furnace having a "cold" crucible avoids the arising
of secondary waste as ceramic or graphite crucibles as is the case
in the "hot" crucible melting of metals.

The melting experience gained in France using inactive waste
on a commercial scale and active waste on a laboratory scale cor-
roborates the promising character of induction-slag melting in in-
duction furnaces with a "cold" crucible (IMCC) for both Zr-alloy
cladding and stainless steel rod cladding and FA end fitting rep-
rocessing. Besides, 1n Russia experience has been gained in design
and operation of commercial facilities IMCC for melting different
refractory metals and alloys as well as laboratory facilities for
melting high activity level mixed salts.

The report deals in detail with the specific features of be-
haviour of molten metals and salt fluxes upon induction melting as
hulls in a metallic sectional cooled ("cold") crucible, activity
distribution in products of fuel clad melting (ingot, slag and gas
phase), instrumentation of process (with ingot drawing or exten-
ding), behaviour of FGP, quality of a resultant ingot and radio-
nuclide leaching rate.

The major directions for investigations and developments are
established in compliance with the project:

- to optimize flux compositions for Zr-alloy and stainless
steel melting aimed at improvement of decontamination efficiency
and leaching resistance of resultant slag;

- to study the properties of ingots aimed at attaining the
highest quality of them in terms of their following disposal;

~ to develop and test devices for charging and metering fuel
rod cladding hulls and long-length end-fittings of FAs into a
"cold" crucible as well as devices for drawing out and ejecting re
sultant alloy ingots from a "cold" crucible;

7 - to develop methods and devices for collecting and condltlo—
ning resultant slags to be disposed of.

2 The volume of the work as planned for the 15% stage is
completely carried out. Besides, the work has been started rele-

vant to other stages of the plan, namely, technical requirements
have been established for a pilot mock-up facility “ISMW-CC-1",
recommendat ions have been worked out on synthesis of systems of

t
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control and regulation of the process of HAMW melting and the ge-
neral flow outline of a gas clean-up system in this facility. De-
velopments are in progress relevant to methods of analysis of mic-
roand macro components of products. Volumes of consumption and ac-
count of materials and equipment to be acquired in the framework
of the project have been determined. Direct expenditures and gqver-
heads relevant to the project have been calculated.

3. 37 specialists (of 49 given in the list) participated in
the activities of stage 1 of the plan.

4-5. In connection with the fact that before December 31, 1994
there was no funding of the Project equipment or materials were
not acquired, other expenditures by the estimate were not made.
For the same reason no business trips of specialists within CIS
took place. |

6-7. The work on the Project is in progress according to
the technical plan. Delays or unexpected problems were not encoun-
fered.

Head of Project 143-94

- | Uodyz V. G. Pastushkov
w {6 v January 1995 — -
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State Science Center
A.A. Bochvar All-Russia Scientific Research
Institute of Inorganic Materials ( VNINM )

International science and _ 123060, RUSSIA, MOSCOW
technology center (ISTC) VNIINM

Mr.A.Gerard Phone: 186-82-75
Deputy Executive Director Telex: 411609 Rubin
ISTC, Moscow Fax: (095) 196-~42-52

Fax: (095) 321-47-44

TECHNICAL REPORT
' on
Work Performed for Stage A-2 of Project N 143-94
1. In ‘compliance~with the technical calendar plan of project

N 143-94 at Stage A-2 "Design of Mock-up Facility ISMW-CC-1" in
the first quarter of 1995 the design documentation (project number
KB-460.00.000) has been worked out for a mock-up facility
"ISMW-CC-1" to be used for mastering the technology and equipment
of the process of induction-slag melting fuel simulator chopped
claddings in furnaces with a "cold" crucible.

In compliance with I'OCT 2.102.-83 ([OCT - State Standard) the
design documentation comprises:

a) general drawing of facility, specification, drawings of
major units and mechanisms, namely, melting unit, hydraulic-mecha-
nical drive, hopper-feeder of charge lumps, metal cloth filter,
ejector and separator of dust;

b) general electric circuit of facility power supply, general

electric circuit of hydraulic drive, general electric circuit of
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gauges, electrical connections of hydraulic drive, electrical con-
nections of gauges, functional diagram of gauges;

c) instruction manual.

2. The scope of the work planned for Stage A-2 of the techni-
cal calendar plan was carried out completely{ Aside from this, ot-
her activities were performed for the other stages of the plan:

a) Initialldata were generated to choose and synthesis salt
fluxes promising for purificaﬁion of molten metals from oxides and
radionuclides as well as to select options of reprocessing slags
arising from induction-slag melting fuel rod claddings in furnaces
with "cold" crucible;

b} Investigations were started of the mechanism and kinetics
of interaction between molten metal and oxides both solid and mol-
ten ones;

c) Recommendations were worked out an analytical methods of
determining major and impurity elements in ingots of multicompo-
nent alloys aﬁd salt powder system;

d) A preliminary search was conducted of patented and scien-
tific technical information on methods of molten metal purificati-
on from oxide inclusions;

e) Calculations were performed of electrical, thermal and
technical parameters of "cold" crucible (60 mm dia) and inductor.
(120 mm dia) for the option of metal charge melting using a machi-
ne generator of 100 kW and working frequency of 2400 Hz; |

f) Investigations were started of the technology of manufac-
turing simulations fuel rod cladding lumps and individual units of

a mock-up facility (hydraulic drive, melting unit, aerosotr T reeEss.
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3. Forty nine specialists (of 51 listed) participated in the
work of the Stage A-2 of the technical-plan.r

4. In the 1°' quarter of 1995 the major part of office equip~
ment (not the main one) was purchased, namely, personal computers,
Xerox, scanner,v printers and telephone sets. Negotiations are un-
der way relevant to purchasing thyristor frequency converter of
TMN4-630-2.4 type and a number of devices to control and requlate
the process of fuel rod cladding meltlng

5. In the period from 20 to 24 February 1995 the spe01allsts
Pastushkov V.G. and Mikheikin S.V. were send on a mission to Sneg-
hinsk town of the Chelyabinsk region to participate in the Inter-
national Seminar (under the aegis of ISTC) dedicated to the ecolo-
gy issues relevant to nuclear power; then Mikﬁeikin S.V. visited
PU "Mayak" (Ozersk town) to specify the storage conditions and
scope of HLMW arising from reprocessing spent nuclear fuel.

6. The project relevant work is under way in compliance with
the technical calendar plan.

7. Since in 1995 in Russia the prices of materials, equip-
ment and devices have grown and there is a need in purchasing, up-
dating and repairing some ganges it is suggested (see the Notifi-
cation sent to ISTC on March, 14, 1995) to review the estimate of
project related expenses to be incurred by VNIINM reduce the sums
in the item "other direct" and increase the expenses in the items

"equipment" and "materials"“.

Project manager V.G. Pastushkov
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TOCYOAPCTBEHHBIN HAYYHBIIN LUEHTP POCCHHUCKOW ®OEIEPAIIMU

BCEPOCCHMACKURA
HAYUHO-UCCNENOBATENBCKAA MHCTUTYT
HEOPFAHWYECKUX MATEPUANOB
kMeHd A.A.boysapa UMEHW AKAOEMMWKA A.A. BOYBAPA
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International science and
technology center (ISTC)
Mr.A.Gerard

Deputy Executive Director
ISTC, Moscow

Fax: (085) 321-47-44
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TECHNICAL REPORT
ON

WORK PERFORMED FOR STAGE A-3 OF PROJECT N 143-94

1. In compliance with the technical calendar plan of project
N 143-94 for stage A-3 in the second quarter of 1995 the mock-up
facility " ISMW-CC-1" was fabricated. The goal is to master the
process and equipment used for induction-slag melting chopped
claddings of nuclear reactor fuel simulators in furnaces with a
" cold " crucible ( éertificaté of facility fabrication, VNIINMN
57/124 of 26.06.95).

The mock-up facility "ISMW-CC-1" was fabricated using the
earlier worked-up project Ind KB - 460.000.000 and comprises the
following major units and systems:

power supply system inserporating frequency converter of the
type "BIOY - 100 - 2400", capacitor battery and matching high

freqguency transformer of "TBIO-3" type:;
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- melting units on line with inductor and " cold " crucible
with tray;

- hydromechanical drive to transfer "cold"tray containing
an ingot;

- unit for charging lumps of fuel claddings and flux; it in-
corporates a feeding bin, piate and vibration feéders;

- gas clean-up systems;

- gauge and automation systems.

Aside from the major units of the facility also fabricated
were a device for gas clean-up system evacuation, a device for
classification of solid phase contained by - off-gases, gas phase
samplers, cabinets for gauge and automation devices.

Primary and secondary gauge and automation devices are ins-
talled, work was started to install electrical, hydraulic and pne-
umatic circuits of power supply and arrange melting pfocess cont-
rol.

2. The scope of the activities planned for stage A-3 of the
technical calendar plan was carried out completely. In addition,
the work was started related to other stages of the plan:

-~ thermodynamic probability was assesed of interaction between
components of oxide film at fuel cladding surface and molten
metals and salts;

- procedure was worked out and tested for fuel simulator fab-
rication from stainless steel and zirconium having oxide
films of specified thickness;
search for and generalization were continued related to pa-
tented as well as science and engineering information per-
taining to the technology of flux synthesis and composition

of fluxes used to remove oxide inclusions from molten metals;
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- in progress is mastering the methods of analysis of the
main and impurity elements contained by alloy ingots and
salt powder systems (fluxes and slags).

3. 52 specialists ( of 55 listed ) took part in the work at

stage A-3 of the calendar plan.

4. I n the 2nd quarter of 1995 different devices for the gau-
ges and automation circuit, matching high fregquency transformer,
computer programmes to translate technical information from fore-
ign languages as well as different raw énd laboratory materials
were bought.

5. During 22 to 26 May, 1995, specialists Pastushkov V.G.,
Drobyshev V.A. and Chistov Yu.I. were on a business trip in Ust!'-
Kamenogorsk city (Kazakhstan) at Ul'ba metallurgical plant where
they familiarize& themselves with the experience gained in the
operation of Be induction melting facility in a furnace with a
"cold" crucible 200 mm in diameter and specifically with the ar-
rangement of a system of gass clean~up to remove toxic dust and
sublimates. |

In the period 27-29 June,1995, specialists Kushnikov V.V. and
Demidovich N.N. were on a business trip at VNIPIET (St.-Peterburg)
to resolve the problems relevant to gas clean-up in IMCC proces-
ses.

6. The work on Project N143-94 is under way in compliance
with the technical caléndar plan.

7. No delays or unresolvable problems in project work perfor-

mance were esncountered.

Manager of Project N143-94 V. Pastushkov
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Internation&l science and

Ha No. technology center (ISTC)
Mr. A. Gerard
Deputy Executive Director
ISTC, Moscow
Fax: (095) 321-47-44

TECHNICAL REPORT
ON
WORK PERFORMED FOR STAGE A-4 OF PROJECT N 143-94

1. In compliance with the technical calendar plan of Project
N 143-94 for stage A-4 in the third quarter of 1995 the following
work was carried out: the units were installed and the systems and
mechanisms were adjusted of the mock-up facility "ISMw-cc-1i®
designed to master under laboratory conditions the technology and
equipment used for the induction-slag melting of chopped claddings
of nuclear reactor fuel simulators in a furnace with "cold
crucible" (see certificate N 58/124 of 25.09.95 of commissioning
"ISMW-CC-1", VNIINM). -

The mock-up facility "ISMW-CC-1i'' as fabricated in accordance
with the project 1Ind KB-460.00.000 is composéd of the following
units, mechanisms and systems:

- Power supply system incorporating machine frequency
converter of the type BMY-100-2400 that matches high frequency
transformer of the type TBA-3, current transformer of the type

TK-42, capacitor battery and current supply bars.
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- Melting units composed of melting crucible inductor and

"cold" tray. ‘'"cold" crucible is manufactured from 18 electrically
insulated sections of a specifically shaped copper tube. The
sections are assembled to form a vertical packet and have top and
bottom fibre-glass laminate flanges. At there is a fixed inductor
fabricated from 6 copper tube loops also electrically insulated.
The "cold" tray is a copper cylinder in the top end of which there
is a projection in the form of "a dovetial” to fix the top cold
portion of an ingot when it goes down. At the bottom the tray is
connected to thrust from a hydromechanical drive.

Each pair of cold crucible sections, inductor and tray have
sleeves for inlet and outlet of cooling water. _

- Unit for charging lumps of fuel rod claddings and flux. It

incorporates a vibration feeder, a plate feeder, a system of drain

pipl-lines and a gate device.
- Gas Clean-up System incorporating two succesively installed

recoverable metal cloth filters, a control units, a gas flow rate
hooster and an ejection device to create the specified evacuation
of the systemn.

- Ingot Pulling Mechanism incorporating a ‘hydromechanical
drive and a system of thrusts and levers. The hydrodrives has an
electric motor a V-helt drive, two force hydrocylinders, a pump, a

filter and tank for oil, a system of cocks, valves, throttles and
pipelines. _
- System of Water Cooling melting unit components, a

generator and a capacitor battery.
- Gandge and _Automation System incorporating several

subsystems:
a subsystem to stabilize temperature, flow rate and electric

power of melting;
a subsystem to control the rate of an ingot travel;

a subsystem to control gas supply and clean-up;
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a subsystem to control cooling temperature and flow rate.

Primary and secondary devices and mechanisms of the gange and
automation systems are installed in 5 cabinets and on a frame and
connected to match with electrical, hydroulic and pneumatic
circuits.

The above systems and units after adjustments have parameters
close to the technical characteristics of the facility described
in the Annex.

The mock-up facility "ISMW-CC-1i" is prepared for mechanical
and electrotechnical testing.

2. The scape of work as planned for stage A-4 of the
technical calendar.plan has been fukky accomplished.

Aside from this, during the 3-d quarter of 19295 the work was
under way relevant to other stages of the plan:

- two pilot batches of fuel simulator claddings were
fabricated from stainless steel and Zr-alloys;

- two pilot batches of briquetted fluxes have been prepared
on CaFp, - Ca0 base with S$i0; and sodium metaphosphate additives;

- methods were mastered to analyze macro- and microcomponents
of metal and salt systems;

- palent-licensing studies have been started to determine the
patent purity and technical level of the technology of
induction-slag melting of fuel rod claddings that is now under
development;

at SPC "Inductor" the pilot facility with the cold crucible
has been reconstructed for testing the option of fuel cladding
melting with incrementing an ingot.

3. 92. specialists (of 55 listed) participated in the work at
stage A-4 of the technical calendar plan.

4. To perform the project work the following items were
bought in the 3-d quarter of 1995: secondary devices (snpply
units, amplifiers, connectors) to install the gange and automation
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system, a high temperature furnace of type 3.1650 HT to
investigate flux and slag properties, Zr-alloy, semi-products
(ingot, bars, tubes) to master the technology of YAMW melting.

5. During the reported period no specialists were sent on
business trips in connection with Project N 143-94.

6. The work on project is performed in compliance with the
technical calendar plan.

7. In view of the underutilization of the funds allocated for
businnes-trips in the 1-st fiscal year after the coordination with
the ISTC in August 1995 the funds were redistributed to other
items of estimated expenditures relevant to the project no delays
or undersolvable problems in the project work performance were

encountered.

Manager of Project N 143-94 —

AR et Z. V.G. Pastushkov
2.2.0285
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ANNEX to
Technical Report on Stage A-4

TECHNICAL CHARACTERISTICS
of Mock-up Facility "ISMW-CC-1"

1. Purpose -

isotope tagged simulator claddings
2. Melting capacity,
3. Cladding diameter, mm
4. Cladding length, mm
5. Cladding material
6. Flux composition
7. Flux amount %
8. Crucible type
9. Crucible diameter, mm
10.Height of melting zone, mm
11.Number of sections in crucible, pieces

1
1

14

15.Temperature of inlet water, c?
i6.Temperature of outlet water, c°
17.Water flow rate, ms/h
18.Type of pulling mechanism drive
19.Hydrosystem pressure, MPa
20.Force on crucible tray, kgt
21.Type of feeder
22.Type of generator
23.Power of generator, KW
24 .Frequency Hz
25.Total capacity of battery mcF
26.Gas atmosphere above molten

mass
27.Type of filter
28.Temperature of off-gases, c?
29.Gas flow rate (through leans), 3/h

3
3
3

3
3
3

2.Material of crucible sections
3.Temperature of molten mass,
.Cooling of crucible sections,
inductor, tray, ganerator, capacitors

CD

m
0.Degree of gas clean-up, %

1.Gas pressure drop in filter, mm. w. c.
2.Method of filter recovery

3.Type of gas houster

4 .Evacuation, mm. w. C.
5.Filter capacity (gas) m3/h
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I

melting and decontamination of chopped fuel rod

Kg/h

< 5
6-10
10-40
steel 12X18H10T
alloy 3H-110
CaF, + additives
1-5 of metal
mass
Ilcoldll
60
110
18
copper M1
< 2000

water
15-20
< 60
< 15
hydraulic
< 18
< 4000
plate
electromechanical
100
2400
757,8
technical nitrogen
argon
metal cloth
< 200
< 30
< 99
< 200
electric pulse,
dynamic
ejector
< 500
< 35
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STATE SCIENTIFIC CENTER 123040, Russio, Moscow, P.Q.Box 349

of Russian Federation VINHNM
Phone: 190-634¢9

Telex: 411409 Rubin

Fax  (095) 925-5972 (Box A-39)
¥ B {095} 925-2896 [Box A-35)

AA BOCHVAR ALL-RUSS!IA RESEARCH IMSTITUTE
QOF INORGAMNI|C MATERIALS

Mr. A. Gerard 12.10.1995
Deputy Executive Director ISTC Project N 14
ISTC

Annual Technical Report
on Work Performed for Project 143-94
"Research and Development of Induction Slag Melting Process
of High-Level Radioactive Metal Wastes"

First Fiscal Year.

1. The 1leading Institute, participant of the contract,
A.A. Bochvar ARSRIIM (VNIINM), Moscow.

3-94

is

2. Co-participant of the Project is Science and Production

Centre "Inductor", Moscow.

3. Project manager is Pastushkov V.G., senior researcher,

ARSRIIM (VNIINM).
tel: 190-62-26, 190-89-89,
fax: (095) 925-28-96 (Box A-39).

4. The time of the contract 1is 3 years (from 01.10.94 to

30.09.97).

5. The goal of the project is to study the technology of

induction-slag melting Zr-alloys and stainless steel wastes

(the

ISMW-CC process) and its check-up using simulation materials

(chopped cladding simulators) in pilot and demonstration

facilities.

In conformity to the project the scope of the work comprises:

- determination of the optimized conditions (technological,

electrotechnical etc.) for melting SFA components made

of

Zr-alloys and stainless steel in induction furnaces with '"cold"

crucible and making ingots of different diameters and lengths;
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~ assesment of the extent to which fuel claddings are cleaned
from radionuclides by melting using different fluxes;

- investigation of the structure and properties of products
resulting from metal waste melting (ingots, slags};

- investigation of the technology of reprocessing resultant
secondary wastes (slags, gas phase);

- design, fabrication and test of a pilot egquipment for fuel
cladding melting.

The technical approach:

- choice and studies of the optimized composition and amount
of fluxes;

- induction-slag melting chopped fuel claddings and
end-pieces of SFAg; (individually and jointly) with pulling an
ingot from the "cold" crucible and immobilizing radionuclides in a
solid slag separable from a metal ingot;

- adjustments of technological and electrotechnical
parameters of the melting process based on the results of
physico-chemical and metallographic analyses of melting products;

-mastering the metal waste melting equipment based on the
results of testing the mock-up (ISMW-CC-1) and demonstration
(ISMW-CC-2) facilities.

In the course of the project the technology shall be
developed and using HAMW simulators pilot equipment shall be
checked that is to be wused for HAMW conditioning prior to
disposal, decontamination and reliable immobilization of remaining
long-lived radionuclides (the half-l1ife more than 10% years) in
metal matricies the rate of leaching from which 1is 1less than
1077 g cm™? day !. Induction slag melting is expected to remove
TUE and FP from metal waste at the decontamination factor of more
than 500 and to propduce an ingot of a specified mass and
shape suitable for disposal. |

6-7. In accordance with the technical calendar plan of the
project during the period October 1994 - September 1995 the work
at stages A-1, A-2, A-3 and A-4 was carried out.During this period
the physico-chemical bases of the HAMW induction-slag melting
process and design documentation on the mock-up-facility
"ISMW-CC-1" were developed; the facility was fabricated, installed
and adjusted. The main research directions were formulated in the
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framework of project N 143-94, specifically:

- optimization of flux compositions used in melting Zr-alloys
and stainless steel to improve the decontamination properties of a
flux and the hydrolytic stability of resultant slags;

- studies of resultant ingot properties to achieve the
highest quality in terms of the subsequent disposal;

- design and tests of devices and mechanisms for loading ang
metering small-lump and long-éize wastes into a crucible for
melting as well as devices and mechanisms for pulling ingots from
a crucible;

- development of methods and devices for collecting and
reprocessing resultant slags.

Based on the formulated technical requirements for the
design and lay-out of the facility its design documentation
(Project N KB-460.00.000) (see figs. 1, 2 and 3 Annex) has been
developed using a rig of the mock-up-facility "ISMW-CC-1" at
VNIINM. This facility is employed to master the technology and
test equipment of the "ISMW-CC" process using chopped fuel
cladding simulators.

The design documentation comprises:

- an assembly drawing of a facility, specifications, drawings
of the main wunits and mechanisms ( the melting unit, the
hydromechanical drive, metering feeders for charge lumps, a metal
cloth filter, an ejector, and a dust separator); _

- circuits (an electrical general one of a facility power
supply, an electrical ' general one and those of electrical
connections of gauges and automated devices, functional gauges and

automated devices, hydraulic and pneumatic ones to control the
melting process); '

~ an explanatory note.

On the basis of the design documentation the mechanisms and
system of the mock-up-facility "ISMW-CC-1" have been fabricated
and installed at the VNIINM rig (VNIINM, certificate N 57/124 of
26.09.95). |

The mock-up facility is composed of:

-~ a unit for charging fuel rod cladding simulators and a
flux; it consists of vibration and plate feeders, a gate device
and system of drain pipe-lines;
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- a melting unit incorporating a "cold" crucible, an inductor
and a "cold" tray. The crucible and the inductor are fabricated
from an electrically insulated copper pipe having a specified
shape;

- ingot pulling mechanism incorporating a hydromechanical
drive and a system of thrusts and levers. The hydrodrive has an
electric motor, a V-belt drive, two force hydrocylinders, a
filter, a tank for oil, a system of cocks, valves, throttles and
pipe-lines;

- a system of water cooling the '"cold" crucible, inductor,
"cold" tray, generator, capacity battery and matching transformer;

- a system of a gas supply and clean-up incorporating
compressed gas (argon or nitrogen) cylinders, two successively
installed recoverable metal c¢loth filters, a control unit, a
compressor-dgas flow-rate booster and an ejection device to create
the specified evacuation of the system;

- a system to check-up and control the melting process
incorporating several subsystems: a subsystem to stabilize the
temperature, flow rate and electric power of melting; a subsystem
to check~up and control the rate of a "cold" tray travel up and
down; a subsystem to control gas supply and clean-up, a subsystem
to control the coecling temperature and flow rate.

The mock-up facility "ISMW-CC-1" was installed in conformity
to the developed instrumentation - process flow sheet, electrical,
assembly, hydraulic and pneumatic schemas.

After the above mentioned units, mechanisms and systems were
installed the start up-adjustments of the whole facility were
performed and the facility was approved for operation with the aim
of its mechanical and electrical testing (VNIINM, certificate, N
58/124 of 25.09.95). (The mock-up facility has characteristics
listed in the table (see the Annex).

The scope of work planned for the first year of the project
is completely fulfilled.

Aside from the work planned for stages A-1 - A-4 of the
calendar plan the work for other stages of the plan was carried
out. Specifically, the following was accomplished:

- recomendations on creation and operation of a system to

check~up and control the "ISMW-CC" process;
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- a general schema of a system for supplying gases to the
zone of waste melting and off-gas clean-up to remove dust and
aerosols;

- techniques of analysis of micro- and macrocomponents of
initial fluxes and products of melting (ingots and slags);

- a technique for preparation of simulators from chopped
Zr-alloy and stainless steel fuel claddings;

- patent and licensing studies are in progress to determine
the technical level and the patent purity of the "ISMW-CC" process
that is under development.

8. The work on the Project is in progress according to the
schedule (the calendar plan). 1In future the following is to be
done in accordance with the calendar plan:

- auring the 2-nd year the electrotechnical and technological
characteristics of the process of fuel cladding simulators melting
are to be investigated, the design documentation is to be
developed and a demonstration facility is to be fabricated;

- during the 3-d year it 1is planned to investigate the
properties and technology .of resultant slag reprocessing and the
degree of cleaning the fuel cladding metal from radionuclides as
well as to test the demonstration facility.

9. In February 20 to 23.02.95, VNIINM specialists Mr.
Pastushkov V.G. and Mr. Mikheikin S.V. participated in the
International Symposium (Sponsored by ISTC) that was held at
VNIITPh (Snezhinsk city) and was devoted to the ecology problems
in nuclear industry. Presentations were made dealing with the
activities at VNIINM on Project N 143 and the ways of resolving
problems relevant to solid active waste reprocessing.

In September 27, 1995, representatives from Japan as a
funding party ( Science and Technology Agency , PNC and JAERI)
audited at the site the activities performed at VNIINM in relation
to Project N 143-94 in the 1-st fiscal year. The numerous
questions put by the Japanese auditors received the well-reasoned
and comprehensive answers of the VNIINM specialists.

In the discussion of the results of the audit made by the
Japanese experts the latter expressed their satifaction with the
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progress of the activities, the organization and reports on the
project and declared their intention to inform their authorities
of the advisability of further funding the project.

10. No delays or unresolvable problems relevant to the
activities on the project were encountered.

In connection with a dramatic increase of prices for
materials and equipment in 1995 in Russia and the underutilization
of funds allocated on the Project in the 1-st fiscal year for
other direct expenses and business-trips after the coordination
with the 1ISTC in the 3-d quarter of 1995 the funds were
redistributed to the ‘"equipment" and "materials". A similar
redistribution of funds would be advisable for 2-nd fiscal year.

11. The review report (VNIINM, N 8314, 1994) describes in
detail the metal waste (the composition and quantity of structural
materials in spent FA; of different reactors, the radiochemical
characteristics of chopped fuel claddings, their technological
properties after fuel reprocessing). Consideration is given to the
specific processes suggested for coﬁditioning fuel claddings to be
long-term stored and disposed. A detailed description is given of
the technological and electrotechnical features of the process of
induction slag metal waste melting in furnaces with a "cold"
crucible.

Initial data have been acquired to choose salt systems
promising for use as fluxes in process of induction slag high
activity metal waste melting (VNIINM, N 8437, 1985).

Consideration was given to the state of impurities in metal
during melting and the properties of fluoride and oxi-fluoride
salt system. , _

The technology was described that is used to synthetize
mixtures of salts for fluxes as well as the requirements were
formulated for slags to be disposed of.

An assesment has been made of the thermodynamic probability
of interaction between components of an oxide film on fuel
claddings and metals (Zr, Fe, Cr, Ni, Al, S8i) and fluorides (NaF,
MgF,, CaF,, BaF,, AlFz) (VNIINM, N 8436, 1995).
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Comparison was made between calculated values of the tempera-
ture dependence of the isobaric-isothermal potential and equilib-
rium constants in reactions between oxides of fuel components,
fission products, structural metals and fluorides and metals. Al,
Mg and Ca fluorides and Al and Si as deoxidants are shown to be

promising.

VNIINM Deputy director

626645§$J A.S. Polyakov

Manager of Project N 143-94
o ey V.G. Pastushkov
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Annex

P. 1. The management of the staff attracted to work for the
Project was carried out in accordance to the schema given in
Fig.4 of the Annex. Altogether 69 specialists (61 belong to VNIINM
and 8 belong to SPC " Inductor ") were engaged in the work on
Project N 143 - 94 during the year. For different reasons 11
VNIINM specialists not embarking upon the work were replaced
by other specialists having the same qualification. In connection
with the completion of the Project work in the 3-d quarter of 1995
4 VNIINM specialists left the personnel team.

P. 2. In conformity to the approximate nomenclature of
non - basic equipment given in the Plan of the Work 2 personal
computer of 486DX2 type, a laser printer of HP-4Plus type, a jet
printer of HP Desk-Jet 1200C type, a scanner of Scan Jet IIcx ty-
pe, a copier of Canon FC-330 type, 2 telephone sets of Panasonic
have been acquired. After the coordination with the project moni-
tor Mr. Sh. Kato a matrix printer of Epson LQ-1170 type was acqu-
red in place of the planned computer of note-book type'and degiti-
zer.

To accomplish the installation and adjustment of the system
checking and controlling the "ISMW-CC" process and the electronic
power supply system of the facility secondary dévices (supply
units, amplifiers, couples), a matching high-frequency transfor-
mer, polyethylene pipelines (hoses), copper tubes and a  current
carrying element.

For studying the properties of fluxes and slags a high tempe-
rature furnace of 3.1650 HT type was acquired that allows the
synthesis of salt system in air at temperature up to 1600 Oc.

Different salts, oxides and other raw and laboratory materi-
als were acquired that are needed to prepare fluxes and investiga-
te slags.

Tubes, bars and semi-products of Zr-alloys and stainless ste-

el were acquired to prepare chopped fuel cladding simulators.
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Process flow sheet of cladding melting
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Fig. 1
1. Hopper for cladding. 2, Cladding meter.
3. Flux meter. 4, Hopper for flux.
5. Dust separator. 6. Scrubbing column.
7. Filter. 8. Cold crucible.
9. Inductor. 10. Ingot.
11. Container for dust. 12. Device for imgot extension.
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Fig. 2

1. Cooled body.
2. Inductor coil.
3. Melting sone.
4. Liquid slag.

5. Ingot.

6. Solid slag.

7. Cooled hearth.

—142—



PNC TN8100 96—003

Scheme of tiock-up Facility
"ISMW - CC-1"

Melting device for
charge and flux

Charge and flux
hooper

System of gas feed
and clean-up

Inductor

*Cold" crucible

Mock-up facility

Device for ingot
extension

Fig. 3
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1. Purpose -

isotope tagged simulator claddings
2. Melting capacity, Kg/h
3. Cladding diameter, mm
4. Cladding length, mm
5. Cladding material
6. Flux composition
7. Flux amount %
8. Crucible type
9. Crucible diameter, mm
10.Height of melting zone, . mm
11.Number of sections in crucible, pieces
12.Material of crucible sections
13.Temperature of molten mass, 0c
14.Cooling of crucible sections,

inductor, tray, generator, capacitors

15.Temperature of inlet water, Oc
16.Temperature of outlet water, Oc
17 .Water flow rate, m3/h
18.Type of pulling mechanism drive
19.Hydrosystem pressure, MP
20.Force on crucible tray, kgf
21 .Type of feeder
22.Type of generator
23 .Power of generator, KW
24 .Frequency Hz
25.Total capacity of battery mcF
26.Gas atmosphere above molten

mass
"27.Type of filter
28 .Temperature of off-gases, Oc
29.Gas flow rate (through leans), m?/h

30
31
32

33
34
35

TECHNICAL CHARACTERISTICS
of Mock-up Facility "ISMW-CcC-1"

.Degree of gas clean-up, - %

.Gas pressure drop in filter, mm. w. c
.Method of filter recovery

.Type of gas holster ‘
.Evacuation, mm. w. C
.Filter capacity (gas) m3/h
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melting and decontamination of chopped fuel rod

< 5
6-10
10-40
steel 12X18H10T
alloy Zr - Nb
CaF, + additives
1-5 of metal
mass
Hcoldll
60
110
ig
copper M1
< 2000

water
15-20
< 60
< 15
hydraulic
< 18
< 4000
plate
electromechanical
100
2400
757,8 |
technical nitrogen
argon
metal cloth
< 200
< 30 .
< 99
< 200

electric pulse,

dynamic
ejector
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INDUCTION VACUUM MELTING IN A COLD CRUCIBLE

A.P.Gubchenko, I.V.RKuzovlev, Yu.K.Brutskus

VNIIETO, USSR

Synopsis:

Induction method of melting precludes contamination of the molten metal with a crucible
material and provides additional refining of the melt.

Vacuum induction welting of metals im cold crucible is applied for: smelting complex alloys
with big content of components greatly differing by their physical properties, refining
melting, production of high-pure shaped castings, heat reduction of metals out of their
compounds, retreatment of wastes from rare and precious metals as well as their alloys.

At present produced in the USSR are vacuum induction furnaces with cold crucibles with
diameters from 0.04 m up to 1.0 m and volume from 1 up to 1500 1 for various aims, viz.:
production of ingots, preparation of alloys, shape casting (of which: with bottom tapping
of the molten metal), reduction and refining of metals.

Induction melting in a metallic sectioned cooled crucible (cold crucible) is carried
on for preducing materials of high purity mainly on the basis of refractory and chemically
active metals. Such a method of melting precludes a possibility of contaminating the molten
metal with the crucible materials and it creates conditions for its additional refining.

Induction furnaces with a cold crucible (IFCCs) are melting initial charge materials’
and treat technologically the molten metal in conditiocns precluding any interaction of the
charge with the crucible material and the ambient atmosphere. 4

During melting, the temperature at the crucible walls in the zone of contacting with
the molten metal is maintained sufficiently low, which results that any interaction of
the melt with the crucible material is absolutely excluded,

Due to combining at the IFCCs of a relatively cool metallic crucible surface in the
zone of contacting with the molten metal, volumetric induction heating and a possibility
of electromagnetic agitation and removal of the melt from the crucible walls, these furna-
ces are featuring the following positive properties: contamination of the molten metal pre-
cluded; possible simultaneous melting-down of -the whole charge loaded into a crucible and
holding the molten metal at a pre-given temperature for a necessary time-limit; availabi-
lity of intensive electromagnatic agitation of the liquid metal without additiomal special
devices, that allows to obtain the melt bath uniform in chemical composition and temperatu-
re; possibility to melt any type of charge materials, e.g.: lumps, powder, scale, sponge,
shavings, etc. without preliminary preparation of electrodes thereout of; possible control
of the crystallization front shape and ingot solidifying structure; availability of the
melt developed free surface on account of electromagnetic removal of the molten metal from
the crucible walls (Fig.2), that allows to intensity the processes of refining; possible
electromagnetic weighting of relatively light additives, which allows to produce sophisti-
cated alloys with extended numbers of components (up to 50% by mass) greatly differing from
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each other in melting points, densities and elasticities of vapours; possibilities of ope-
rating with any controlled atmosphere at any pressure values, etc.

By present, the experiments have confirmed a possibility of melting efficiently at the
IFCCs of various metals and alloys /2/, viz.: titanium, tantalum, zirconium, nicbium, cop-
per, uranium, nickel, chromium, ittrium, lanthamm, cerium, molibdenum, silicon, tungsten,
vanadium, etc. Produced have been various alloys, viz.: aluminium with zirconium {content
of aluminium ~ 50 to 51% by mass), chromium with lanthanum, vanadium with helium, super-
alloys, etc.

It shall be most expedient to apply an IFCC for the following processes: smelting of
sophisticated alloys with a wide range of components greatly differing by their physical
properties; refining melting of chemically active and refractory metals; production of
high-quality super-pure shaped castings; thermic feduction of metals out of their compounds,
e.g.: oxides, fluorides, chlorides, etc.; retreatment of wastes from chemically active and
refractory metals as well as various alloys; directed crystallization of a metal at the
continuous production of ingots; manufacturing of metallic powders, ete.

By their production aims, the IFCCs might be subdivided into two types: for producing
a metallic 1ngot at a cold crucible (Fig.l) and for producing castings (Fig.2). Table !
gives the main technical data on some IFCCs for production of metals and alloys.

Table 1

Basic Technical Data on .Some IFCCs

Typés of Electrie Furnaces
Parameters - v

18V DKVH TIVH INVH

Cold crucible capacity, 1 ' 230 670 20 20
Cold crucible diameter, m 0.2; 0.5 0.65 0.25 0.25
Permissible temperature of the
melt in a crucible, °C 2600 2600 2500 2500
Vacuim in melting chamber, Pa 0.133 0.133 0.133 0.133
Frequency converter power, kW 1500 2000 1000 1000
Work-coil current frequency, Hz 2400 2400 2500 2400
Work—-coil voltage, V 800 800. 800 800
Quantity and power values of : :
plasma generators, pcs/kW - ' - 2/250 1/250
Dimensions, m 11x6 10.6x8.3 10x5 10x9.5

Height 13.5 10 8 6.5
Mass, t. 70 85 50 70

The ISV electric furnaces are designed for refining the melting of various metals.
They are completed with replaceable crucibles of 0.2 and 0.5-m diameters. A height of an
ingot smelted is up to 2 m.

The JKVH furnaces are designed for thermic reduction of metals. A unit consists of
four melting chambers unified by a common vacuum system and one set of electrical equipment.
Each melting chamber contains a pawerful sectioned waterw—cooled crucible of (.65 diameter
and 2.0-m height with a work-coil. It ig also equlpped with travel mechanisms and unloading
devices with an individual capacitor battery.

Processes of charging, .melting, cooling the reaction products and unlecading are carried
on in each chamber in sequence (with the shifting in time relative to the other chambers).

The ITVH and INYH furnaces are designed for the production of high-purity shaped cas—
tings. The molten metal is tapped from a cold crucible through a copper ccoled spout while
the crucible is turned., The electric furnaces have two independent sources of heating, viz.:
an induction ome and an electrén-plasma one, that can operate both simultaneously and sepa-
rately. The molten metal could be tapped from the crucible either into a mould placed on a
centrifugal table, or in a mould located at the pre-heating furnace, or in a metal mould.

The IFCCs feature a number of essential peculiarities, which,make it different from
conventional irnduetion crucible furnaces. The main one of those peculiarities is the availa-
bility of a charging direct contact, including that of liquid metal witl the crucible metal~
lic surface cooled intensively. This causes big heat losses and makes an operator work at
high induction values (for the given frequency) so as to secure a satlsfactory efficiency
of the unit. As a result, by means of a magnetic field, a considerable portion of the melt
(meniscus) is removed from the crucible walls and that is combined with a relatively high
rate of melting. Thus, the process of melting is carried on at the electromagnetic crucible
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Fig.l
Generator view of an induction furnace with cold crucible:

1 = Molten metal; 2 ~ Vacuum chamber; 3 — Work-coil;
4 - Cold crucible; 5 = Ingot; 6 - Hearth.
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Fig.2

A sketch of the IFCC with bottem tapping of the molten metal:

1 - Cold crucinle; 2 - Molten metal; 3 -~ Work-coilj;
4 - Skull; 5 - Hearth; 6 - Plug.
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on a support /3/. Hydrodynamic non~stability of the meniscus causes non-stationary distor-
tions of its surface, mainly in the shape of vertical folds. Dimensions of those folds
cross—sections are usually of the same order with a depth of current penetrating into the
molten metal. Therefore, their availability tells on the absorpzion of the field energy
by the meniscus. )

Availability in the zone of a powerful alternating electromagnetic field of the cur-
rent conducting crucible elements has caused a necessity to survey voltages appearing the-—
reinbetween and take certain steps for preventing damages to the crucible
with electrical break—downs arising. The essence of the phenomenon is such that appearing
at the powerful electromagnetic field at a cold crucible are considerable electromotive
guidance forces. The crucible is flown along by high currents, a path of which could cross
over the interface of the crucible with the molten metal. The melt surface adjoining to the
crucible is non-stable, the contact zones available are disappearing periodically and new
ones are arising. . ..

Therefore in some conditions, discharges might appear in the shape of sparkings or
arcs burning at the crucible furnace, which under certain circumstances might present a
danger for the furnace normal operation. This problem is most essential while melting in
vacuum, The discharges might also appear inbetween the crucible sections.

Substantial importance is attached only to those discharges, that might damage a con~
struction of the furnace, viz.: formation of craters, burn-through, ete. One should note
that damages of .constructive elements even at a direct discharge thereonto are not inevi-
table due to the fact that the discharpe effects depend on both its intensity and the intenm
nsity of heat to be removed at the discharge zome.

A necessary prerequisite of the operating IFCCs shall be high values of the energy
density to be transfered to the molten metal. This problem required in particular to select
on a substantiated basis a design and a number of sections in the cruecible with due account
to the field frequency and electrical contact resistance at the cold crucible/molten metal
interface.

To survey the processes and select design decisiong, developed have been methodics of
digital modeling of electromagnetic and hydrodynamic fields at the IFCCs /4/.

The energy in-coming to the IFCC work-coil is consumed for electrical losses at the
work~coil cold crucible sections and hearth as well as for the liberation of heat in the
charge. In its turn this heat is consumed for heating up the charge and for thermal loss
from charging to the walls of a cold crucible, to a hearth and into the furnace work space.

Table 2 gives data on some materials (metals) of the IFCC energy balance components in
conditions of holding the molten metal /2/:

Table 2
Energy Balance of IFCC in Conditions of Holding the Molten Metal, %

Ser. Super-

Nos Parameters - Alloy Chromium Titanium
1. Power given to converters 100 100 100
2, Losses at the current lead 18,8 15.7 26.6
3. Losses at capacitors 7.5 6.7 7.2
4. ©Power coming to the work-coil 73.7 77.6 66.2
5. Electrical losses at work-coil 16.7 19.2 24.3
6. Electrical and thermal loss at

the cold erucible 40.2 48.9 38.5
7. Electrical and thermal loss at

the hearth 6.8 9.5 3.4
8. Electrical efficiency of "IFCC '0.31 0.24 0.34

Tahle 3 gives experimental data on melting some metals at the IFCC /2/. Overall effi-
ciency of the furnace per ome cycle is determined by a relevant value of electrical effici-
ency, which does not depend actually on the process rates, and by a value of thermal effi—
ciency, which depends directly on the process duration.

In a number of cases, applied for the IFCCs is an additional source of heating, the
energy of which is not consumed for passing through a cold crucible. With a view to the
above, utilized thereat is a plasma generator, which (beside heightening the effeciency) is
providing also further extension of electric furnace technological possibilities (Fig.3)}/1/.
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Diagram of the IFCC with a vacuum plasma generator
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Table 3

Specific Consumption of Electric Power and Overall Efficiency of the IFCC
While Melting Some Metals in Periodic Duty

Parameters Super- Cr Ti Gd Y La Ni
~Alloy
Specific consumption of electric
power for melting-down, kWh/kg 2.1 3.2 2.3 1 2.2 1.2 5.0
Averaged efficiency of the IFCC
for a period of melting c.16 0.12 0.18 0.08 0.07 0.05 0.07

Produced at present in the USSR are the IFCCs with a cold crucible having diameters-
from 0.06 m up to 1.0 m and heights ~ up to 2.5 m of various designs: for producing in-
gots, preparation of alloys, shape. casting and refning of metals, as well as reduction
thereof.

References
1. Gubchenko A., Stalav M., Teer L., Fomin N. New trends of developing induction melting
furnaces. ~ XI Congress on Electroheat, Malaga, 1988.

2. Teer L., Gubchenko A. Induction melting furnaces for processes of higher purity and
accuracy. M.: Energoatomizdat, 1988 -~ p.120.

3. Gubchenko A. Melting and crystallization of molten metal in electromagnetic crucible
on a support. - Magnetic Hydrodynamics, 1986, No.l, pp. 132-136.

4. Bethers V., Gubchenko A., Muiznieks A., Yakovichs A. Electromagnetic hydrodynymic
fields modelling in the induction furnmace with cold crucible (IFCC). - VI International
Iron and Steel Congress, Nagoya, 1990.

—153—



PNC TN8100 96—003

Proceedings of The Sixth International Iron and Steel Congress, 1990, Nagoya, ISIJ

ELECTROMAGNETIC (EM).AND HYDRODYNAMIC FIELDS MODELLING IN THE INDUCTION

FURNACE WITH COLD CRUCIBLE

U.Bethers® A.P.Gubchenkd® A.Muiznieks®™ A.Yakovichs®

*Latvia University, Riga,”VNIIETO, Moscow, USSR

Synopsis: Physical processes in induction furnaces with cold crucible (IFCC)
are investigated. Paper offers system of 2D mathematical wmodels and
corresponding programs on PC for (i) EM an HD fields calculation, taking
into account influence of sectioned conducting crucible on currents
redistribution, particularly at small penetration depth of field in crucible
and melt; (ii) temperature field calculation in horizontal cross - section
of crucible; (iii) melt free surface form detection. Following
numerical methods are used: finite difference method (FDM) for HD and EM
fields, boundary element method (BEM) for temperature and EM fields in a
case of high frequencies.

Key words: IFCC, EM field, temperature
field, hydrodinamics, free surface, 2
finite difference, boundary element.

I
1. Introduction. @ |
||

Induction furnaces with cold crucib-
le (IFCC) are perspective electrothermal
equipment for melting metals .and alloys
(mainly chemical aggresive or with high
melting temperature) without melt pol-
lution from crucible walls {1-5]. Certain
differences of IFCC from IF with ceramics
crucible are following. .
{i) Conducting (frequently copper), ver-
tically sectioned with electroisclation
gaps crucible under forced cooling
(Fig.1).

(1i) Electromagnetiec (EM) repulsing of
remarkable part of melt side surface from.
crucible, decreasing heat losses,

Presence of sectioned conducting
crucible provides penetration of induc-
tors EM field into melt even at . such
field frequencies, at which unsectioned
furnace works as ideal field screen.

On the other hand conducting
sectioned crucible essentially disturbs
characteristic axial symmetry of vortical
currents in IFCC, however system
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"inductor - crucible - melt" still keeps the bend symmetry. So, for <the
investigations of EM and hydrodynamical (HD) fields, IFCC appears a 3D
object. However, necessity of great number field calculations essentially
increases expense of investigations using 3D mathematical models. For <the
exploration of MHD-processes in IFCC chain of 2D mathematical models in
horizontal (z=const) and vertical (a=const) cross sections, based on
physically and experimentally grounded assumptiong, is offered. Usage of 2D
models facilitates detection and analysis of general factors affecting
characteristics of IFCC.
8till last years untouched region of investigations are problems, deal
with temperature field calculation in crucible section to provide defense of
its erosion and melt free surface shape detection, essentially influencing
EM and energetic characteristics of IFCC.
This paper offers system of 2D mathematical models and corresponding
programs on PC allowing
= EM and HD fields calculation in vertical
cross section of IFCC, taking into account
Zk influence of sectioned conducting crucible on
currents redistribution, particularly at small
penetration depth of field in crucible and/or
melt;

7 41{:::;7 - temperature field calculation in horizontal
e

L~
rd

cross—section of crucible;

=~

|

|

|

l

i

L

—
—

2. EM field calculation in IFCC.

EM field in IFCC is 3D owing division of
crucible into isclated sections. This produces
current not only in azimuthal direction as in
axysymmetric induction devices, but also
current in (r,z) planes, mainly in side walls
of crucible sections (Fig.2). Let us consider
ways of development of 2D models describing 3D
effects in furnace as
(1) redistribution of currents in side walls
S T—~q of ecrucible;

// :Z - {ii) passing of currents through
unaxysymmetric contacts "crucible - melt".
Equation_system for EM field

- melt free surface form detection in IFCC.

1

—1 N

\
\

(.P:D.D (PC,C rot f= M, J3: rot_E = - aﬁ/a_t; _
div B = 0; div j = 0; j =0 E (1)
Fig.z2. leads to equation_for vector potential
of EM field A' (B = rot A ")

A A" = p, o E, E=~38A/3t - grad ¢' + 3°° / o (2)
In practical case of sinusoidal inductor's current &' = & eiwt, p' = weiwt,

AR = B, © (i w A+ grad o) + EEX / o, (3)
or in dimensionless form

AA =0 (1A + grad¢) + %%, (4)
where w”= Hy O, © rz = 0, in crucible sections, w* = Hy™ ©@ o r§ =. 0 in

il T M
melt, external current j X = &, in inductor, A e A / Ao’ A0 =p,r 3. e @
P /mo, P = T, Au Wor Ty radius of melt (Fig.2).

For 2D models development, following assumptions are considered
(i) Azimuthal! orientation of currents in melt, inductor, front and back
walls of crucible (pieces 1 and 3 of current path Fig.2);
(ii) Biparted erasure of magnetic fields of closely passing currents of
opposite directions in erucible side walls (pieces 2 and 4 of current path
Fig.2), i.e. due the bend symmetry of crucible these currents are equal,
opposite and pass close enough each other.
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(iii) Magnetic field of z2zimuthal currents is still axysymmetric, i.e. gap
between crucible sections is much less than width of section in azimuthal
direction and can be neglected in EM field calculation.

Under such assumptions magnetic field is generated by only azimuthal
currents j = j Ea and only A = 3 Ea can be considered. On this basis a chain

of models is developed for EM fieid calculation in (r,z) plane.

2.1, Model of ideal crucible side walls conductivity.

Current density in front and
back walls {(regions Qz and Q3,

Fig.3) (s 50 /00 /e p4
jJe =-w i e + dp e r),
a c o o (5) hq Sazz SE?E; Sﬁ?s

but in melt due to axial symmetry
j éa =-w 1A e, (6)

Distribution of A and ¢ in E
crucible inner and outer walls must !
satisfy law of currents W

1Y

/,/

\
conservation \\\ "~

1 dp
iA+ — =) dr dz +
X 2 ) ar dz he

0 r

2 i
* L (1A + 2= {%}) dr dz = 0. (7) h2

-

93 Sﬁg r‘
In this model an additicnal { C

assumption is accepted: let Jp/8a = N Yyv

const, - i.e. conductivity of

crucible side walls is infinite, () 1

any redistribution of currents

along height of crucible,

satisfying (7), is allowed in side

walls. The (7) leads to equation Fig.3.

for op/da

8p/3ax = ~i [[ A drdz + [ A drdz] ~ [[drdz / r + J drdz / r] (8)

Q 0 Q

2 2 2 3
and resulting system of EM-field equations (8+9)

1 3 aA a%a a

= 5= (v ) + - = 3,

r ar or 8z 2 2

-0, iaAa in 91 7 (9)
j = —u, (i 2a+1/xr 8p/u) in Qz‘ 93

1 in 04

o in outer space

For sclution of (8,9) with boundary conditions of A=0 on infinity an
iterative algorithm is developed with finite - difference approximation of
(9) and dp/Sa calculation after each iteraticn.

Ideas of chapter 2.1 are close with {6].

An example of current density and corresponding current phase
distribution along Z-axis is shown on Fig.4.a (current) and Fig. 4.b (phase)
in melt (1) inner (2) and outer (3) crucible walls. In these figures w, =

10, w.= 100, inductor positioned in front of melt,
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Fig.4a, Fig.4b.

2.2, Model of real side walls conductivity.

Let us take into account a dependence of dp/0c on r and z. Then,
instead of assumption 3p/8¢ = const in chapter 2.1., we must involve
following ones .

(i) Current flows along surfaces side walls of crucible (see Fig.2) which

can be described by surface conductivity o, = 0. Sc, 6c - field ©penetration

depth, if Gc > 88 (8S — thickness of section side wall), then SC =8 .

(ii) field of surface currents is determined by distribution of scalar
potential ¢ on the side walls.

Then from conservation of current we have dimensional equations for
potential distribution on side walls ¢ and D (Fig.2)

2
=1 e P, — ¢
1 8 D o| _ D c .
I ['F' e (T ar )t P ] = % [ r (2n/m — A) tie A]
2
dp 3y p. =@
1 o c ci _ . ¢ D
9 ['ET ar (& o)t 322 ] = O [ r (2n/m - &) ~ 1o A] :
where m— number of crucible sections, A - angular thickness of gap between
cruclble sections, Oy ~ azimuthal conductivity of erucible (aa.oc, if

r, <xLr,, T <r<r,; o, = 0, if r2<r<r2 - see Fig.3).

(10)

Subtracting and transformation to dimensionless form of (10) gives wus
equation for:pof = Op /o

2
dp A P
1 a o a o ; .
Tar FE)t g k(g v, (11)
where 2r (2 /m=-4A) /&, 3inQ, 0

K = ] c 1 2 , (12)

01 in O

5

with boundary conditions of electrsisclation a¢a/an,r = 0 on T (Fig.3),

Full equation system for EM field now is (9)+(11-12) with corresponding
boundary conditions for Py and A.

Consider a brief analysis of (11-12). If X = 0, +then Apa #* 0, that
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leads to wd(r,z) = const in our case of boundary conditions and solution of

EM problem become identical to solution of problem with ideal side wall
conductivity. If X » », then 0, >~ irAa, i.e. solution correspond a case

of furnace without cold crucible.

Equations (11-12) are solved in finite - difference manner, too, in
conjugation with analogous of (9). Example of results are presented on Fig.5
for X=150 (other paramesters like in Fig.4.).

/]

)
7 2
- 0,375 - 2 -

i,
N &

Fig.5a. Fig.5b.

Given model have advantages over previous one in possibility of taking
into account real number of crucible sections, thicknesses of side walls
and gaps between +them, it allows more exact calculation of current
redistribution passing through side walls.

3. The calculation of free surface shape (FSS).

For industrially important work regimes the melt in IFCC can be with
complicated free surface shape. FSS is strongly influenced by EM field
bounded by the shape itself. We consider
the FS5S in the following way (see Fig. 6)
taking into account
(i) The hydrostatic pressure Ppb P9 h.

l:{ (ii) The surface +tension forces
P, = o(l/R + 1/r), where R and r are bend

radiuss of surface.

{iii) The EM forces. 1In the practical

cases of high frequencies repulsive EM

forces are concentrated: in thin skin
1 layer. Therefore +the Boundary Element
method for EM field calculation is wused.
This caleculation gives the linear current
i distribution o? ~ surface. The EM
pressure p_, = H, iva.
For the equilibrium of free surface

Ph = P, + Pey’
r in dimensionless form ”
h = Ca (1/r1 + 1/r2) + CEH i®,

Where parameters

o0y
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= 2 - 2
Cog =0 /P9 h, Cem “Hy 157/ 20 g 1

and reference quantities are ho = height of melt, iu' - linear current

density in inductor.

The following algorithm of FSS calculation is used:

(i) The start FS5 is chosen,

(ii) The EM field and corresponding EM pressure, Py and p, are calculated

for each boundary element,
(i1ii) The boundary "r" coordinates are corrected in "r" direction by step

- _ _ .2
¢=afh=-C Q/r + 1l/r)) -c 1],

where « - iteration parameter,
The following boundary conditions are

used:
(i) If the surface tension forces are
negligible, only one boundary

condition is necessary, i.e. a height
H of melt. Then +the localization of
point B is get by calculation process,
(ii) If the surface tension forces are
taken into account, then twe boundary
conditions are used, i.e. height of
melt H and a radial coordinate of
point B.

In caleulations the presence of
cylindrical wvessel is taken into
account too, i.e. the radial
coordinates of fice surface can't get
greater as an inner vessel radius.

On fig.7. the example of calculation
is presented, i.e. the calculated free
surface shape and magnetic field lines
in the case when melt is fully pulled

| back from vessel. Corresponding

| parameters values are Ca=0, Ce =0.4.

| r For ultra-high frequencies w >> 1000
boundary element method for EM field

08 calculation in the system

inductor-melt is found to be the best.

These calculations is= based on

Fig.7, vector—-potential calculation. All

boundaries of regions are divided into

boundary elements. It is assumed, that

each element has 1its current, +that

causes a magnetic field around it. For

inductor these currents are given, for melt - calculated +o satisfy

condition A=0 on the melt surface. These conditions foérm an algebraic

equation system for unknown current values and are sclved numerically. The
calculated current values allow to calculate EM pressure and Joule heat.

An example of calculated EM field is presented on fig. 7.

4., Temperature field calculations.

Analysis of heat transfer through IFCC sections are complicated due to
3D character of temperature field. However a -2D mathematical model in
horizontal cross section of IFCC section is offered, because of dominant
role of horizontal temperature gradients in the contact between melt and
section region (see Fig.8). The section 2 get thermal flux from melt 1
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through contact 3. The boundarijes 4,5 are considered as thermal isolation
(because of bend symmetry). The boundary 6 has a weak cooling condition. 1In
the channel 7 flowing water determines the cooling regime of <the whole
section, inductor 8 cause the vortex currents in the section too. Because of
Joule heat localization in the thin skin-layer, for the temperature field we
can use the equation

a*t/ax* + a*t/ay° = o.

g A /_q\\.s
2
4 . 5
0 . =
X
Z
Fig.s. | Fig.9.

This form  of equation allows +to use the boundary element method for
temperature calculation, i.e. divide the boundary of horizontal cross—section
of IFCC section into boundary elements. For +these elements complex boundary
conditions are found i.e. for boundary 3 the thermal flux from melt or melt
temperature are given; for channel boundary the conditions of heat exchange
between water and wall are used; for outer wall the heat exchange conditions
between secticn and air are used. All these conditions are modified in order
.to take Joule heat into account. On fig.9 +two examples of calculated
temperature field (temperature isolines) in FCC sections, that have a
complicated geometry, are presented. For these examples the upper boundary
is a contact with melt.

5. Melt hydrodynamics.

For averaged +turbulent MHD meridian flow description +the Reynolds
equation in Boussinesq approximation _
. av/at+(VV)v=—Vp+Av/ReEFE+A1fEM+ez/Fr
and .mass conservation law

div ¥=0
are used, where
ReEFF =v,xr, / : - modified Reynolds number,
Al = B, / Hg PV, ~ Alfven number,
Ffr=v /g rz - Frud number.

For numerical calculation the problem with axial symmetry is considered
and methods, based on variables stream function and vorticity [2,3] or
natural variables [7] and SOLA~-VOF scheme [B] are used.

It is assumed that v #z £(r), but Vo ~ 1, where 1 - linear current

density in inductor.
For heat and mass transfer processes investigation the simplified assumption

v, # f(r) is changed to two-parameters k — ¢ model., That allows to calculate

effective viscosity and gives +the linear (corresponding to experiment),
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relation between maximal velocity and linear current density I (v ~ I).

The equations for turbulent energy X and dissipation rate ¢ and equations
for temperature and admixture concentration alse are solved by FDM and
stationarisation method.

On fig.10 the time dependent concentration field is shown (at +the start
moment admixture is localized in the free surface center). At the +time
moment t=1 hydrodynamical fields (v, uT) has achieved their stationary

stations and subsequent homogenization follows at time independent
hydrodynamical conditions. Because of k - ¢ model v has a maximum in vortex

center, the admixture diffusion perpendicular stream lines is favored, i.e.
in the regions, where convective transport 1is small. It is possible to
divide homogenization process into the periods:
(i) Convective admixture transport in the upper vortex.
(ii) Turbulent diffusion into vortex center.
(ii1i) Diffusion through both vortex boundary with characteristic time interval
greater than revolve time for vortex.

In the case of great free surface (the one vortex flow) the
homogenization time is determined by first two points,

% @Z{A it

t=3 t=4 t=5 =6 4

I

7 1=8 1=20ser

Fig.10.

7. Conclusions.

The offered system of mathematical models and corresponding calculation
methods create the possibilities for investigation of aspects, important for
industry
(i) EM forces influence on the melt and free surface forming
process, thermal and energy characteristics of equipment;

(ii) temperature gradients in sections melt:
(iii) hydrodynamics and correlated with them mass transfer process.

The system of programs is developed in Latvia University (Riga) and is
used for engineering calculations in company "Electroheat" (Elektroterm
Moscow, USSR). '
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INDUCTION MELTING OF METALS IN COLD CRUCIBLE
Alexander Gubchenko

NPZ INDUCTOR. Russia

Synopsis: The melting process in the induction furnace with a cold crucible
(IFCC) is accompanied with a number of physical phenomena and effects control-
ling of which provides a possibility to realize different . technological
operations. The laboratory and commercial induction furnaces equipped cold
crucibles of 0,2-10001 in capacity have been produced.IFCCs with additional arc,
plasma or electroslag heating are highly promising. They are characterized by
the 10-20% increase in the efficiency and widened technological possibilities.

Key words: IFCC, cold crucible, induction furnace, wvacuum plasma, arc,
electroslag. :

1. Introduction

The production of high-quality materials depends essentially on satisfying
requirements to electroheat equipment. The IFCC complies in high degree with
such requirements. That is why IFCCs are used at present for fabrication of
super clean refractory and chemicallyreactive metals and alloys, also pure
oxides and other non-metal compounds. The most typical utilization field of
IFCCs is preduction and recycling of materials for atomic industry and avia-
cosmic technique. The further improvement o f energetic parameters of IFCCs
will make econcmically reasonable their wide use in such branches of industry
as ferrous and non-ferrous metallurgy, automobile-building and others.

2. Physical phenomena and effects in IFCC

The IFCC is a rather .complicated electro-technological installation incorpo-
rating interacted electromagnetic, hydrodynamic. heat and mass-exchange
processes.

It is well known that the influence of melt motion on the initiating
magnetic field in an induction furnace may be usually neglected. It makes
possible to consider the electromagnetic problem in the IFCC as separate one.

The electromagnetic convection in an induction furnace is by some orders
more intensive than the thermogravitation convection. Therefore .the hydrodynamic
problem may be talked independently of the heat problem. .

Solving the hydrodynamic problem it is necessary to take into account that
the melt motion in the IFCC is turbulent. As to the heat problem it is important
that Joule heat released in the IFCC is some orders higher than that caused by
the viscous dissociation of the kinetic energy of the melt flow.

Taking into account the above the mathematical models and programs for
calculation of physical fields in the IFCC have been developed [1]. Some results
of such calculations are given in Fig.l. )
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SNAA

o
-

Fig.1 Vector diagram of the IFCC magnetic field (&). Cross-section
temperaturefield of cold crucible segment (b).

As the result of the controlling the physical phenomena and effects in the
IFCC very high technological results may be achieved.

Table 1. The main physical phenomena and effects of metal melting in IFCC

FPhysical OQutcome effects Technological processes on the basis
N phenomena of_outcome effects
1. Electromagnetic Controlling free Refining remeltings, melting of
interaction surface form and multialloyed alloys, electromagnetic
height of the dosing of metal
melt
Electromagnetic Melting of refractory metals,
repulsion of metallotherm, reduction, melting
the melt from of alloys, refining remeltings

the crucible wall

Electromagnetic Melting of alloys, refining
convection of the remeltings, foundry alloy
melt remelting for providing composition
homogeneity
Magnetomechanical Electromagnetic dosing of melt
effects and its solidification in

electromagnetic field

Electromagnetic Melting of alloys with high

weight increase percentage of components (up to 50%)

of some alloy differed 2 - 20 times in melting

components temperature, density and vapor
pressure
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Melt stabilization
in electric and
magnetic fields

Production of powders by evaperating
of melt from liquid metal column

2. Electrokinetic
phenomena

Electromagnetic

separation of -non-
metallic inclusions

Refining remeltings

3. Electromagnetic
screening

Control of energy

distribution in

charge and melt
motion

reactive metals.

Melting of refractory and chemically
Solidification of
melt in electromagnetic field.

4, Heat action
of electric
currents and

Forming preset
distribution of
heat sources,

Melting of metals and alloyvs, metal-
lothermic reduction of metals,
refining remeltings, directied

fields thermogravitation solidification of melt, shrinkage

convection of cavity topping, separation of

melt metallothermic reduction products

5. Mutual Change of electric Control and stabilization of melt
inductance contour inductance level in cold crucible.during metal

and other technological processes

6. Electrical
discharges

Iocal heating of
charge

Metallothermic reduction

7. Ionization
thermoelectro-
nic emission

Generation of
electronplasma

discharge

Refining remeltings protection of
melt surface against gas saturation

8. Phase transition

from one aggregate

state to another

Releasing (or
absorption) of
energy, separa-

ration of admix-
tures, evaporating

cooling

Zone refining in the course of
remelting, controlled solidification
of melt, asingle-crystal production

9. Motion of charges

particles in
‘electri¢ and

Increase in material
temperature, dissoci-

Refining remeltings, casting
process

ation of melt admix-

magnetic tures
fields
10.Heat radiation Increase {(or decrease) Metallithermic reduction,
of charge in change temperature solidification processes
11. Surface Prevention of melt Melting of metals and alloys,
tension renetration between refining remeltings etec.

cold crucible section

12. Interaction
under gravita-
tion force

Control of height and
shape of melt free
surface, changing of
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melt gravity center of components, metalliothermic
reduction
i3. Chemical inter- Transition of admixtu- Refining remeltings, metallo-

action of metal res from melt to slag thermic reduction
and slag bath ~ bath

14. Overcooling of Formation of solidifi- Production of metal ingots
metal melt cation centers with preset structure.
Casting of gas turbine engine
blades.
15. Interaction of Stabilization of Production of metals and alioys
electromagnetic electron-plasma in vacuum induction-plasma fur-
field and electron discharge para- nace with cold crucible
-plasma discharge meters

Electromagnetic containment of the metal melt on the base-plate (Fig.2)
is of great importance for optimal realization of some technological processes
in the IFCC.

2. Practical utilization of IFCCs

In accordance with technological intentions IFCCs may be divided into two
groups: melting installations for preducing ingots and casting ones for perfor-
ming different casting processes.

Casting IFCCs are equipped with bottom or upper tapping devices. The
capacity of cold crucibles depending upon the IFCC size are 0,2-1000 L [2].
The diagram of the IFCC equipped with a 808 L crucible is shown in Fig.3.

Fig.2 Process of metal melting Fig.3 Disgrem of the IFCC for
in the electromagnetic crucible metaliothermie reduction of
with a base plate metals
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A special attention ought to be given to 1FCCa with additional heat sources.
Some laboratory and commercial installations of such type have been designed,
produced and put intc operation in Russia.

The additional heat sources in them are vacuum arc, vacuum plasma or
electroslag types. Owing to the additional heating IFCC technological possibi-
lities are widened and their overall efficiency is increased by 10-20%.

One of them combined induction-arc furnaces equipped with a cold crucible is
used for melting of refractory steel and chrome. The melting in the furnace is
performed using a consumable electrode. The arc is energized when a gap between
the electrode tip and melt surface is about @,915 m. The stable arc behaviour
is observed in the course of increasing its length wup to ¢,804 m. The further
increase of arc length initiate the arc rotation over melt surface and after
achieving @,06 m length the arc fails. It is noticed that the electrode heating
in the electromagnetic field of the inductor takes place which has a positive
effect on arc stability.

The use of additional electroslag heating in the IFCC provides more deep
refining of liquid metal from non-metallic inclusions and creates the favourable
conditions for bettering the crystal structure of the solidified ingot. The
optimal regime in the induction-electroslag furnace corresponds the case when
the inductor embraces both metal and slag baths and also the part of the
electrode.

The vacuum induction-plasma furnace w1th cold crucible intended mainly for
metal refining has been used for production of gas-turbine engine blades.
The blades fabricated in such a furnace have higher strength characteristics
as compared with those produced by the directed solidification method or having
equiaxial grain structure.

The investigation of the low pressure electron-plasma discharge and the
inductor electromagnetic field interaction has ascertained that this process
may be studied with the model describing the behaivour of the ideal gas
consisting of electrons and ions. The gas particles motion may be considered
in this case as a sum of three constituents: the c¢yclotronic rotation around
magnetic field intensity lines, the drifting of cyclotron center across the
direction of the magnetic field and the free motion alongside the magnetic
field intensity lines. In the gas discharge of low pressure the electric current
is provided by the directed motion of charges particles of both sings. However,
the share of the ion current is negligible as compared with the electron current
due to relatively high mass of ions. For instance, in the argon plasma the mass
of an ion is 80200 times higher than that of an electron. Therefore, because of
the low velocities acquired by the ions in the electromagnetic field the resul-
ting electric current of the discharge may be considered as the electron flow.

It was defined experimentally that a low pressure discharge is stable while
having the following parameters: current 5@0-2000 A, argon consumption
10-20@ 1/h, pressure 1-50000 Pa, length of discharge column ©,83-9,35 m.

The electromagnetic field of the inductor stabilizes the discharge and
prevents its conversion into the diffusion mode.

3. New IFCC developments

The latest researches in the field of IFCC have testified that electric
losses in the cold erucible may be diminished practically to zero. The cooling
system may be simplifed while safety and reliability of the equipment are
improved. The above results are achieved with the use of a cooling system based
on the heat tube principal and substitution of a vacuum chamber by a vacuum-tight
Jjacket.
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i, Conclusions

The induction melting furnace with the cold crucible is a very promising
high-tech equipment for super clean material production meeting strigent demands
of different branches of industry. The latest developments covering improvement
of energetic parameters, increase of the cooling system, efficiency and decrease
of the furnace weight and dimensions create a goad basis for more wide utiliza-
tion ofIFCCs in the nearest future.
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VACUUM-INDUCTION AND INDUCTION PLASMA
FURNACES WITH COLD CRUCIELE

A. Gubchenkq”, Y. Novikov..

*VNIIETQ. Moscow, Russia

Introduction

The effect of defects limiting the quality, performance,
service life, etc. of metal products and components are
well known. One of these defect is non-metallic inclusions
vsually oxides of different chemistry and morphology if
introduced can not be removed during further processing
of solidified material. A suﬁerclean initial material is the

. 1 1 performance alloy is carried
out in vacuum induction furnace with a ceramic lining.
Ceramic contamination of the melt during melting mn
VIM-furnace due to erosion and reaction between the
melt and the ceramic ljning can not be avoided
completely, The most promising solution to avoid ceramic
contamination is to melt in an induction heated,

aim. The melting of a hig

segmented and cooled metallic crucible.

The idea to melt in a water cooled segmented metallic
crucible with induction heat is not new, The cofice twl_zlxs
n the

next 40 year period, the demand for superclean metal
stimulated further research in the United States, France,
West-Germany and the Soviet Union to_improve the
techmcai potential and commercial feasibility of the

patented to Siemens and Halske in Germany.

process.

After intensive research on this process, the Electro
Research Institute VNIETO in " the S"owet. Union
succeeded in up scaling the crucible dimension for
commercial applications. "The production of commercial
ﬁg!sc(l) crucible induction furnaces in the USSR began in

Design of Induction Cold Crucible
for Production Melting

Laboratory research was conducted studying the

physical processes in cold crucible melting. Two
dimensional mathematical models were used to calculate

the electromagnetic fields (EM) as well
hydrodynamically fields éHD{? u
methods for calculating HD an

precisely the extent of thermal losses in the melt.

sixt;g finite element
d EM fields and boundary
element methods for calculating temperature and EM
fields in the cases using high frequency. Computer
analysis results in EM field calculations which are used to
calculate the induction coil, energy losses in the crucible
segment and crucible bottom as well as the energy balance
of the melt. The calculations of the HD-field described

Figure 1  Schematic of cold crucible induction melting:
1) crucible segment, (2) electrical insulation,
3) channel for cooling medium, (4) melt, (5)
induction coil

At present, the Soviet Union produces induction cold
crucibles with diameters from 60 mm to 1000 mm and
wn}l_ll height of up to 2500 mm for different application
such as:

- melting and solidification of metal and alloys
- melting, refining and casting of metals and alloys

- metallothermic  reduction of reactive and
refractory metals from their components

Figures 2-4 show different types of cold crucibles
Another interesting aspect of the cold crucible induction
furnace is the integration of an ingot withdrawal system as
shown in Figure 3. In this case, ingots longer ihan the
crucible can be produced. Figure 6 shows a cold crucible
for this case. For casting of ingots, remelt electrodes, and
precision cast parts, the cold crucible can be tilted as in
classical VIM-furnaces. VNIIETO has developed a novel
method for bottom tapping. Figure 7 shows schematically
the bottom tapping system. The crucible and the crucible
bottom must ge specifically designed for this purpose. A
crucible with bottom tapping arrangement is shown in
Figure 8. With proper process control the amount of the
remaining skul} can be reduced to a great extent as shown
in Figure 9. In Figure 10, the botfom tapping systems
permits atomized melts of different metals and a Ofrs. For
this purpose, LEYBOLD DURFERRIT, has developed a
melt guide system attached to the bottom of the crucible
to controf the melt stream geometry which is essential for
atomization. :
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Figure 2 Top view of a Cold Crucible

Figure 4 Cold crucible with a volume of 800 | for
metallothermic reduction processes

IR

Figure 3  Cold crucible with a volume of 1000 I during
manufacturing

Figure 5  Schematic of a cold crucible induction furnace
with ingot withdrawal
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Figure 8 Cold crucible with bottom tapping of the melt

=7
Figure §  Appearance of the remaining skull in the cold
crucible after bottom tapping. Skull thickness
Figure 7 Schematic of a cold crucible with bottom 1 mm to 5 mm ,
tapping of the melt :
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Figure 12 Cold crucible with a vacuum tight sealing
made  from non-conductive  insulating
composite material

Figure 10 Plasma melting - Inert Gas Atomization: Sl)
-* - Plasma torch, é) charger, (3) melting crucible,
. 4} ceramic-free guiding system, (3) gas nozzle,

6} atomization tower D T

Plasma ganarator

Insulating gap

Channelin

|
Crucibla !
I 'i crucibte

]
8
g

. . . Figure 13 Schematic of a cold crucible induction furnace
Figure 11 Cold crucible for square ingots with additional plasma heating
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ENRTIE = Figure 16 Cha:%ing niaterial_ for cold crucible melting:
Figure 14 Vacyum induction plasma melting in a cold (2) electromagnetic chromium, (2) zirconium
crucible sponge, (3) compressed chromium chips

Figure 17 Primary structure of an ingot solidified in a
cold crucible. Note: non-metallic inclusions
-are transported to the ingot surface

In some cases a rectangular ingot is advantageous when
further Tprocessmg of the metal is required e.g., rolling.
VNIIETQ has developed a cold crucible furnace with a
rectangular cross section to produce rectangular ingots.
{Note Figure 11) At present, chamberless cold crucible
induction furnaces are being tested in the Soviet Union.
The crucible with the induction coil is sealed vacuum tight
with non-conductive insulating composite material as

Figure 15 Electromagnetic repulsion of the melt from shown in Figure 12. The application of an additional
the crucible wall: (1) zirconium melt, (2) cold plasma heat sources extends  substantially the
crucible technological capabilities of the cold crucible induction

furnace technology with respect to superheating and
further refining of molten alloy, especially for large
melts.(Note Figures 13 and 14). The combination of
plasma and induction heating provides the following
possibilities:
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- faster dissolution of alloying elements in the melts
- betier removal of non-metallic inclusions
- easier temperature adjustment

- better removal of undesired residuals with higher
VApOT pressures,

Due to high flux densgg of thegma.l losses in the contact
zone melt/crucible(100 W/em® to 400 W qm3) it is
important to reduce the contact area. can be
achieved by forcing the top part of the melf away from the
crucible wall with electromagnetic forces.? (Note Figure
15) Of course, the hydr mics instability of the
miniscus causes non-stationary distortion of its surfaces,
mainly in the shape of vertical folds, Dimensions of these
fold are usually of the same order of the depth of the
current penetration into the molten metal. Accordingly,
their presence indicates the absorption of the field energy
by the miniscus. ‘ :

. Table 1 shows the technical data of some cold crucible
induction furnaces running in the Soviet Union. The
furnaces are used to melt various metals and alloys. In
Table 2, the specific consumption of electric power an
overall efficiency during melting of some alloys are listed.

Table 1 Basic Technical Data of Some Cold Crucible
duction Furnaces
[Farameter Furnace Type .
15V AL (24 NV

Cold Crucitle Capacity, 1 230 670 20 20
Cold Crucida Diamaler, mm 2004500 650 250 250
|Parmissible Temperalure .of the
Maft, *C 2600 2600 2500 2500
el Chamber Pressure, Pa 0.133 0.133 0.133 0.133
Convarier Power, kW 1500 2400 1000 1000
Coil Cument Fraquarcy, Hz 2400 2400 2400 2400
Coll Voltage, V 800 800 800 aae
Plasma Ganeralor, po/kW - . 21250 17250
Fumace Dimensions

Aroa, sq.m. MMx6 |306x83] 10x5 10 x 8.5

Haight, m 138 10 ] 65
Tola! Weight, t 70 L1 50 70

* Cruchia kor Metallothermic Reduction

Table 2  Specific Consumption and Overall Efficiency of
C%ld Crucibles

Super-| Cr T [<i Y La Ni
alloys
Power Consumption for .
Melling-Down, kwh'kg 241 32 23 1.1 22 12 50
Avarage Efficiancy, % 16 12 18 8 7 5 7
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Metallurgical Potential of Cold Induction Furnaces

Vacuum induction furnace with water cooled segment
metallic crucibles open _il_g new possibilities to produce
ciean metals and alloys. The special features of ,
cold crucible melting are summarized as follows:

- no_chance of oxide contamination by ceramic
lining material

- possibility to melt reactive and refractory metals
and alloys

- intensive magnetic _agitation results in a
homogeneous melt with respect to temperature
and as well as chemistry

- melting of any charge material, eg. chips, sponge,
powde%, etc. (Klote lgigure‘IG)al’ B. €S, Spong

- high degree of cleaning non-metallic inclusions,
undissociated inclusions are transported to the
skull and entrapped (Note Figure 17)

- possibility to control the shape of the

solidification from_and ingot structure, if
solidified in the crucible

- ossibility to produce ingots with ingot
Erithdra\:fyal systemp ' s &

-. Fos§ibility for bottom tadpping (a special interest
or investment casing and powder production)

- possibility for metallothermic reduction of
chemically active and refractory metals

- applications using additional plasma heat sources
provides increased metallurgical potential,
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