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ABSTRACT

The disposal of radioactive waste is becoming increasingly difficult because of the lack of available
volume on site, the rising disposal costs and the lack of ultimate disposal sites. Optimized
treatment and volume reduction of concentrates and spent resins prior to interim storage, final
disposal, and solidification processes are major step to counteract the situation.

Concentrate volume reduction - The drying and volume reduction process converts the collected
concentrate into a dry solid waste product with nearly no residual moisture and no free-standing
water. The homogenized and chemically pretreated concentrate is pumped from Waste Evaporator
Package into the Concentrate Buffer Tank. Chemical post-treatment is possible by adding of acid,
caustic, or anti-foamant. The 200 1 drums are located at two drying stations. After the drum is
filled with concentrate, the drum is set under vacuum and heated to about 70 °C. Boiling begins
and the solids precipitate in the drum. Heat is applied to the drum from the electrical heating units
throughout the process. The average boiling rate is about 4 liters per hour during evaporation
process. When the system controls have indicated that the drying process is finished the drum is
transferred to the roller conveyor for being further transported to the drum capping device. After
capping the drum is picked up from the roller conveyor and placed on an electrically driven drum
transport cart for being further transported to the intermediate drum storage on-site.
Spent resin volume reduction - The drying and volume reduction process for spent resins
converts it into a dry, free flowing bead resin condition. The homogenized spent resins are flushed
from an existing spent resin storage tank as water/resin suspension into the spent resin drying tank.
After the drying tank is filled with a certain amount of resins the resin flushing process is stopped
and the remaining water in the drying tank is discharged. By heating up the tank contents and
evacuating the tank, the water of the wet resins is evaporated until the resins are dried to a residual
moisture contents less than 30 w/o minimum. When the system controls have indicated that the
drying process is finished, the dry and free flowing bead resins are discharged by the force of
gravity directly into a 200 1 drum. The filled drum is afterwards transferred by use of the roller
conveyor to the drum capping device and further transported to the intermediate drum storage on-
site.

By the In-Drum Drying System a significant volume reduction will be developed. The yearly
production of 550 drums of concentrate will be reduced to 30 drums and the production of 80
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drums per year of spent resin will be reduced to 24 drums. These numbers of drums are estimated
conservatively for the years in the future operation.

INTRODUCTION

The Nuclear Power Plant Krsko is in commercial operation from the 1983. At that time it was
assumed that the ultimate disposal place would be defined and erected in nineties. An Interim
Storage Area for low and mid rad-waste was built for temporary storage. It is divided in six
sections and it enables to store drums with the volume of 200 1 NPP Krsko yearly production of
low and mid-waste is shown in Table 1:

1990
1991
1992
1993
1994
1995
1996
1997

Compressible
Waste

(No. drums )

180
94
207
192
132
409
242
142

Evaporator
Bottom

(No. drums)

522
279
382
213
133
400
145
139

Other
Waste

(No. drums)

3
0
0
0
0
3
69
49

Spent
Resin

(No. drums)

65
0
39
82
0
43
0
0

Filters
(No.

drums)

21.
0
1
19
19
26
20
0

TOTAL
(No.

drums)

791
373
629
506
284
881
476
330

Table 1: Interim Storage of Rad-waste in NPP Krsko

The ultimate disposal facility wasn't erected and in 1988 and 1989 NEK was forced to use super-
compaction campaign for rad-waste volume reduction. By the existing technology of volume
reduction and super-compaction campaign NEK couldn't enable enough volume in the interim
storage building until the planned end of plant operation ( in 2023 ). 4,5 sections are filled with
drums at the moment and the storage is expected to be completely filled with drums in the next
3 - 5 years. At the beginning of nineties we lunched an investigation into a technology by which
a significant volume reduction could be managed in the area of liquid waste production. The
limitations were:

no additional building on site
- storage of wastes in 200 1 drums
- use of existent storage system for temporary storage of the drums.

In 1994 NEK signed a contract with the Siemens KWU company, by which a new In-Drum Drying
System ( IDDS ) technology will be used for significant volume reduction of new produced
Evaporated Bottoms ( EB ) and Spent Resin ( SR ). By this technology the EB with approximately
20% of solids will be dried to a monolithic block with no freestanding water and SR will be dried
to less than 30% of residual moisture. The expected drum volume reduction factor in the Interim
Storage Area was foreseen for EB 22 and for SR 4 - 5. It was decided that this technology would
be installed into the Drumming Room ( DR) area where from original design and construction the
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technology for filling the drums with liquid wastes is already installed. The area for temporary
storage of drums behind the shielding wall will be used for IDDS technology. In case of a
malfunction of the IDDS, an old system for filling the drum with slurry directly into the drums
must be prepared for operation without any special installation work.

FUNCTIONAL REQUIREMENTS AND SYSTEM LAY-OUT

Resin Suspension Cooiir-o Wote

Cxhoust Air

!N-0 fum Drying Slotion (2*)
for 200 I Drums

Figure 1: IDDS system diagram

The existing liquid rad-waste system consists of two evaporators ( waste and boron recycle
evaporator ) and a system for primary and blow down spent resin. The evaporators generate the
concentrate, which is transferred from the evaporator room into the drumming room by the
centrifugal pump for further treatment. The spent resin is discharged after the depletion into the
blow down or primary spent resin tank. Afterward the resin is transferred into a mixture of spent
resin and water into the drumming room for processing.

The new drying and volume reduction process will convert this type of rad-waste into a dry waste
product which is packed into 200 1 drums ( Figure 1: IDDS system diagram ). The new rad-waste
treatment system consists mainly of the following sections:

- Spent Resin-Drying Tank with Drum Filling Station
- Concentrate Buffer Tank with Recirculation Loop
- Skid Mounted In-Drum Drying Stations 1 and 2 for 200 1 Drums
- Skid Mounted Main Processing Unit with Condensers and Vacuum Unit

Drum Handling Equipment
- Local Control Panels and TV Cameras
- Sampling device for EB and SR

Additional shielding for new equipment.

The components/skids are installed behind shielding walls and the system is operated in a batch-
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wise mode. The system controls are automatic, semi-automatic, and/or manually. They are
initiated from a local control panel in DR behind the shielding wall ( Figure 2: Control Panel ) and
from a special container. The system should be connected to the plant information system. Process
can be controlled through the two lead windows on the shield wall, a monitor on the control panel
and through two cameras.

Figure 2: Control Panel

Radiation dose levels are a function of the specific activity ( Bq/m3) which increases during the
drying process and the main nuclide composition C06O, Csl37, Csl34, Mn54, etc. of the feed
streams. The new system wouldn't change the licensed working areas but it would cause a
decrease of the exposure to the operators attending the process. '

The process is designed in accordance with the ALARA principle in order to minimize radiation
impact on the equipment and significantly reduce the necessary maintenance and inspection
activities as well as to prevent human exposure. Besides, additional shielding structures were
installed for system components, piping, waste drums handling and transport. The shielding design
is such to allow entering the processing area for a short time for maintenance and inspection.

During the drying process, all necessary drum manipulations are done remotely. Remotely
controlled activities include transport of drums, capping, lifting and inserting the drums in a shield
container. A special equipment is designed to support remote manipulations, such as TV
monitoring, transport crane device, capping device, roller conveyers, shielding cask on an
electrically driven drum transport cart, etc.

A wide range of area monitoring systems is also provided to monitor the gamma dose rates in
specified areas. Two radiation monitors are installed in the process area. These monitors are
connected to the computer units for continuous monitoring.

CONCENTRATE DRYING
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The drying and volume reduction process described converts the collected/stored concentrate (
evaporator bottoms ) into a dry solid waste product ( monolithic salt block ) with nearly no
residual moisture and no free-standing water - Figure 3: Dried Concentrate.

I - * > '

Figure 3: Dried Concentrate

The homogenized and chemically pretreated ( pH adjusted ) concentrate is pumped from the
Waste Evaporator Package into the Concentrate Buffer Tank. This tank has an agitator which
continuously stirs up the tank contents for good homogenization. Chemical post-treatment is
possible by adding of acid, caustic, or anti-foamant and controlled by a new sampling device close
to the Concentrate Buffer Tank. For proportioning of the concentrate into the in-drum drying
stations a recirculation loop driven by the concentrate pump is established. The 200 1 drums,
located at each of the two drying stations, are initially filled and replenished as needed ( process
control) from the recirculation loop.

The 200 1 drum is placed by the existing crane, which is equipped with a special drum grab,.onto
drying stations, shell heaters are closed around the sides of the drum and the drum is lifted against
the hood. The insulated hood contains a level instrument to determine the drum fill level. After the
drum is filled with concentrate, the drum is set under vacuum by use of the vacuum pump and is
heated to about 70 °C. Boiling begins and the solids precipitate in the drum. Heat is applied to the
drum from the electrical heating units throughout the process. Initial boiling rates are about 5 liters
per hour tapering off during the process as the drum begins to fill with solids to less than half a
liter per hour. The average boiling rate is about 4 liters per hour during the evaporation process.
The process continues until the drum is filled with solids. As a final step, the heating is continued
for about 72 hours to eliminate the remaining water from the salt block.

The vapor generated during the drying process is routed to the process skid. Air and non-
condensible gases entering the system exit the condenser directly to the scrubber tank. The gases
bubble up through the scrubber tank to permit dissolving of the impurities carried over and other
water soluble gases. Wet air is exhausted from the scrubber by a liquid ring vacuum pump that
includes a water separator and a cooler.
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The final exhaust is directly routed to the plant ventilation system. Water overflow from the
scrubber tank is collected in a Condensate Buffer Tank. When the Condensate Buffer Tank is
emptied, a level switch isolates it from these systems, the vacuum is replaced allowing to receive
additional flow from the scrubber tank which is maintained under vacuum as long as the process
is in operation - see Figure 4: IDDS in NE Krsko.

r
Figure 4: IDDS in NE Krsko

When the system controls have indicated that the drying process is finished the drum is lowered,
moved back and then lifted up by the crane and placed on the roller conveyor for being further
transported to the drum capping device. After capping the drum is picked up from the roller
conveyor by the existing crane, which is equipped with a special drum grab, and placed on an
electrically (battery) driven drum transport cart for being further transported to the intermediate
drum storage on-site. For this drum transport the use of a shielding cask has to be considered. The
reason for this is that the concentration degree of the concentrate is constantly increased during
processing and the radioactivity/dose rate will increase by the same factor accordingly. Thus,
shielding of the in-drum drying stations and the filled drum during non-remote handling is
essential.

SPENT RESIN DRYING

The drying and volume reduction process described converts the accumulated wet/slurry like spent
resins into a dry, free flowing bead resin condition. The dried resins are discharged by the force
of gravity via a filling hood directly into a 200 1 drum. The IDDS can process primary and blow-
down spent resin.
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The homogenized spent resins are flushed from an existing spent resin storage tank as water/resin
suspension into the spent resin drying tank. In this tank the resins are retained by use of a special
filter element and the flushing water is routed to the Floor Drain System ( CEDH ). After the
drying tank is filled with a certain amount of resins the resin flushing process is stopped and the
remaining water in the drying tank is discharged. By heating up the tank content ( electrical
heating jacket) and evacuating the tank the water of the wet resins is evaporated until the resins
are dried to a residual moisture content less than 30 w/o minimum. Air and non-condensible gases
entering the system are treated in the same manner as described in the Concentrate Drying section.
The vacuum generated by the liquid ring vacuum pump also serves to evacuate the spent resin
drying tank.

When the system controls have indicated that the drying process is finished the dry and free
flowing bead resins are discharged by the force of gravity and using a ball valve directly into a 200
1 drum which is placed on a roller conveyor and lifted against the filling hood of the filling station.
The filled drum is afterwards transferred by use of the roller conveyor to the drum capping device.
After capping, the drum is transported into the interim storage facility in the same manner as
drums with concentrate.

OPERATION FUNCTIONS

Figure 5: IDDS installed in the Drumming Room
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Concentrate is fed into the 200 1 drums placed into the drying stations as long as a solid block is
formed inside the drums. Spent resins are processed in batches, the spent resin drying tank is filled,
the flushing water volume removed, the remaining resin volume dried, and the dry resins directly
discharged into a 200 1 drum. The remaining resin in the water/resin feed line can be flushed back
to its origin by using demineralized water.

A proven system design and experienced long-term operation system components as well as a
customized process application are provided. The systems are designed to minimize operator
interface by automating the system where possible. The equipment is skid mounted where
applicable, to promote transportability, and easy of installation. The systems are supported by the
following plant services available: Make-up Water System, Component Cooling System,
Compressed Air/Instrument Air System, the Auxiliary Building HEPA Ventilation System, Floor
Drain System, Liquid Waste Processing System and electrical power supply.

The EDDS is controlled by Programmable Logic Control ( PLC ) and can work in automatic, semi-
automatic and manual mode. The basic function of the PLC is to control the process in order to
assure that the process fulfils the requirements of technology as well as the requirements regarding
human radiation protection. For that purpose two radiation monitors in the drumming room are
used to enable continuous measurement of gamma ambient doses.

CONCLUSION

Today we have approximately 3000 locations left for drums in the NPP interim storage area.
NEK's goal for the next years of plant operation is to reduce the total low and mid-waste
generation to less than 100 drums per year. The results of the IDDS technology will help us
significantly reduce the low and mid liquid waste in the future years of operation from almost 700
drums of liquid waste per year to approx. 50 drums per year. Considering further activities on the
waste reduction program we believe that the available ( of free ) 3000 locations in the Interim
Storage Area will be enough to the end of plant operation in 2023.
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