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Abstract

The safe management of radioactive waste is a national task required for sustainable generation of nuclear
power and for energy self-reliance. This paper describes the results, efforts, and prospects for the safe
management of radioactive wastes having been performed by the Nuclear environment Technology Institute
(NETEC) of the Korean Electric Power Corporation (KEPCO). Firstly, KEPCO's efforts and results for waste
volume reduction are summarized to show how the number of waste drums generated per reactor-year could be
reduced by about 60 % during the last 10 years. Secondly, a new treatment technology, a technology for low and
intermediate level waste (LILW) vitrification, was introduced to prospect how the technology reduces the waste
volume and increases the inherent safety for LILW disposal. It is expected that the vitrification technology will
contribute not only to reduce LILW volume to around 1/14 ~ 1/32 but also to change the 'Not In My Back Yard'
(NIMBY) syndrome to the 'Please In My Front Yard' (PIMFY) attitude of local communities/residents for LILW
disposal.

1. WORKING TOWARDS WASTE VOLUME REDUCTION

Minimization of radioactive waste volume generated from nuclear power plants (NPPs) is very
important because unfortunately Korea not only has small land but also is confronted with a difficulty
in acquisition of radwaste disposal site. The KEPCO has tried to reduce waste volumes since Kori
unit 1 generated electricity in 1978. In this respect, the KEPCO has implemented several programs
such as the encouragement of service invention, new equipment adoption, etc. To encourage the
service inventions, KEPCO offers several benefits such as awards with letters of commendation in
accordance with their contributions.

The major achievements through service invention are the optimization of waste evaporator
operation, modification of spent filter treatment method, etc. Before 1988, the evaporator was
operated without pH adjustment. This operation method resulted in several problems such as the
limitation of boric acid concentration to 12 wt. %, pipe plugging due to crystallization of boric acid in
waste concentration tank, etc. These problems were resolved, by following a service invention
suggestion, by the pH adjustment of evaporator bottoms with NaOH solution. According to the
suggestion, the pH of evaporator bottoms was controlled to around 8 in order to increase the boric
acid concentration up to 17 wt %. With this invention, the KEPCO has been able to reduce about 30
% of the waste drums from liquid waste treatment.

Spent filters had been put into cement lined drums because of their high radioactivity. This
treatment method had resulted in increase of the disposal volume. Recent planning of KEPCO is to
introduce a new treatment method based on a suggestion by the service invention. The idea is to
compress the spent filter after long-term storage in a special place near filtering equipment. Applying
this idea, the disposal volume could be reduced by 50 %.

Besides, the KEPCO has introduced new equipment such as super compactor (SC), concentrate
waste drying system (CWDS), and spent resin-drying system (SRDS). Dry Active Waste (DAW) had
been compressed with a compactor of 10 ton capability. In 1994, KEPCO purchased a mobile SC of
2,000 ton capability and it has been operated at Kori NPP. The SC can compress the number of DAW
drums to half. They will be moved to the another NPP soon. Using the SC, Kori NPP Division could
reduce 1,653 drums until the end of 1998.



Evaporator bottoms had been solidified with cement in an on-line mixing system. Cement
solidification, however, has several problems such as disposal volume increase, incompatibility with
cement and boric acid, and frequent malfunction of mixing system. Accordingly, the KEPCO has
applied the CWDS at all NPPs since 1995 in order to overcome the above mentioned problems. The
CWDS can make powder of the evaporator bottom in the drum dryer heated by steam and then mix
the powder with paraffin injected into the drum dryer. The mixture is drained to high integrity
containers (HIC) made of stainless steel (SS). Using the CWDS with paraffin solidification, KEPCO
could reduce the disposal volume by l/8th compared with cement solidification.

The spent resin drying system (SRDS) was first introduced at Kori # 1 & 2 in the middle of
1996 and at Kori # 3 & 4 in the middle of 1998. Other NPPs are planning to operate the SRDS by the
end of 1999. The objective of introducing SRDS for spent resin drying is to resolve the problem
caused by cement solidification, which is similar to evaporator bottom solidification. The SRDS dries
wet spent resin using hot air and then puts the dried resin into the HIC made of special SS. The SRDS
can reduce the disposal volume of spent resin by half compared with cement solidification.

In summary, KEPCO's continuous efforts for waste volume reduction have shown remarkable
efficiency. The waste drums per reactor-year were reduced from 225 drums in the early 1990s down to
175 drums in 1998 as shown in Fig. 1 [1].

2. WORKING TOWARDS DEVELOPMENT FOR LILW VITRIFICATION TECHNOLOGY

Currently, the waste drums are stored in the on-site storage facilities at each NPP.
However, new technology development that can remarkably reduce the LILW volume is
required because of the delay in the acquisition of LILW disposal site and the fact that the
capacity of the on-site storage will reach its maximum by 2010 as shown in Table 1.
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Figure 1. Generation Trends of Waste Drums(200 L size)



TABLE I. ON-SITE STORAGE STATUS OF RADIOACTIVE WASTE DRUMS

Site

Kori NPP
Younggwang NPP
UljinNPP
Wolsung NPP

Sum

# of NPP

4
4
3
3
14

Capacity
(200L drums)

50,200
23,300
17,400
9,000

99,900

Accumulation
(200L drums)

28,788
11,208
8,768
3,636

52,400

Saturation
(year)

2014
2014
2010
2018

* basis : Dec. 1998

The NETEC is developing new radwaste treatment technologies that can largely reduce
disposal volume as well as make all waste from NPP into environmentally safe monolith. We have
chosen the vitrification technology as the most promising one, considering both technological and
economical aspects [2].

Vitrification is attractive as a waste treatment process primarily because of the properties of the
vitrified glass product. Vitrification gives a high-quality product and flexibility in inorganic
incorporation. Glass is a rigid, noncrystalline material of relatively low porosity, often composed
primarily of silica, alumina, and oxides of alkali and alkaline earth elements. While phosphate,
sulfide, and oxynitride glasses are also important glass types, most glasses used in radioactive waste
immobilization are borosilicate glasses [3].

Hazardous constituents can be stabilized in vitrification processes by two main interactions
with the glass matrix: chemical bonding and encapsulation. Certain inorganic species can be
immobilized by chemical bonding with the glass-forming materials, particularly silica, present in the
wastes to be vitrified. Hazardous constituents may also be immobilized without direct chemical
interaction with the glass network. Since vitrification constitutes a molten phase during some portion
of the process, materials that do not interact chemically or have not completely entered solution can
be surrounded by a layer of vitrified material and encapsulated, as the melt cools. This layer of
vitrified material protects the encapsulated constituents from chemical attack and inhibits their ability
to escape from the vitrified product.

We had already completed the feasibility study on LILW vitrification from 1994 to 1995 [4].
Since 1996, we have been carrying out the second vitrification project to develop the pilot plant
including cold crucible melter heated by induction current (CCM), plasma torch melter (PTM), and
off-gas treatment system (OGTS) [5].

Fig. 2 shows the schematic diagram for the pilot scale vitrification facility to be constructed at
NETEC by June 1999. The facility consists of two melters, a CCM of 50 kg/hr throughput and a PTM
of 10 kg/hr capacity. The OGTS is composed of high temperature filter (HTP), post combustion
chamber (PCC), scrubber, selective catalytic reduction (SCR), etc. This facility might enable all liquid
and solid radioactive waste from nuclear power plants to make more stable glassy/slag waste forms
with remarkable volume reduction while minimizing the entrainment of volatile chemicals.

Shredded combustibles and spent resin are directly fed onto the molten glass in CCM through
feeding system with about 20% excess oxygen. Oxygen is also injected through bottom nozzles to
encapsulate more chemicals into molten glass and to improve mixing between molten glass and ash
that enable to give good mechanical characteristics for final glass waste forms.

The CCM is cooled with cooling water of 110 °C so that its surface contacting molten glass
could be kept at a low temperature of around 200 °C. With cooling, CCM can exclude refractory



materials which are inevitably necessary for any others high temperature melter and which make
several problems such as increase secondary waste, frequent maintenance for refractory replacement,
etc.

The plasma torch of PTM is the reverse polarity type and uses nitrogen as the plasma gas in
order to prevent the generation of NOX. The melter was designed to have an external refractory and an
internal graphite crucible. The crucible has unique structure to easily drain the molten slag and metal.
It is favorable as incombustible such as filters, metals, sand, etc can be handled with PTM. These
wastes can be loaded into PTM without any pre-treatment. Organic materials in filter media will be
completely decomposed and non-metal residue (slag) containing nuclides is on molten metal. The slag
and the molten metal can be separately drained and then molten metal might be reused after radiation
survey [6].
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FIG. 2. Schematic diagram of pilot scale vitrification facility

OGTS is common to both CCM and PTM that are separately operated. Role of the HTF is to
separate particles and to recycle them to the CCM. The PCC is designed to convert all organic from
the melter to CO2 and H2O. The PCC is heated by propane combustion and provides over 2 seconds
of gas residence time. Quencher/Scrubbers are provided for cooling and removal of acid gases from
the off-gas stream. NaOH or Mg(0H)2 is added to the scrubber solution for pH control.

Quenching water and scrubber solution are dried in a thin-film evaporator from which distilled
water is recycled to the scrubber. Clean off-gas going through the scrubbers is electrically heated to
assure the filter performance by means of prevention of condensation at the downstream of HEPA



filter. Filtered off-gas is discharged to the elevated stack through SCR which can efficiently remove
dioxin and NOX at downstream of the HEPA filter.

LILW vitrification facility will have an average volume reduction factor of 14 ~ 32. This
means that the number of glass/slag waste forms generated from 12 NPP units (1,000 MW(e) PWR
per unit) for 30 years is estimated to be 3,700 ~ 8,300 drums (208 liter size per drum) [2]. In addition,
vitrified waste forms have very good resistance to leaching of radionuclides when they are contacted
with ground water under disposal environment. Further, they have no gas generation because all
organic in waste are removed.

3. CONCLUSIONS

Environmentally sound design and construction of LILW management facility are very
important. However, new treatment technology development for LILW, which can remarkably reduce
the disposal volume and enhance the characteristics of waste forms such as leach resistance, gas
generation, etc, is more important because it can fundamentally improve the disposal safety. In
addition, the new treatment technology enables the design and management of LILW management
facility much easier.

Considering the above mentioned matters and delay being experienced in disposal site
acquisition, the KEPCO-NETEC has made lots of efforts to reduce the disposal volume and to
develop a new treatment technology. The KEPCO established the short-term goal to reduce the
number of waste drums to 250 per one reactor-year and the long-term goal to reduce the number of
drums further to 35 per one reactor-year. To reach the short-term goal, the KEPCO has encouraged the
service inventions and adopted new treatment equipment such as super compactor, spent resin drying
system, concentrate waste drying system, etc. As a result the KEPCO could reduce the waste drum per
one reactor-year to 175 drums in 1998. The short-term goal for waste volume reduction was reached
early.

Currently, the KEPCO-NETEC has developed the new treatment technology, LILW vitrification
technology, in order to both reach the long-term goal and increase the inherent safety for LILW
disposal. The vitrification technology shall be able to reduce the number of waste drum generated per
reactor-year 10 to 25 drums and to realize the production of environmentally clean waste forms. At the
same time, the technology will contribute to change the NIMBY (Not In My Back Yard) syndrome to
the PIMFY (Please In My Front Yard) attitude of local residents around disposal facilities.

REFERENCES

[1] YEAR BOOK FOR RADIOACTIVE WASTE GENERATION STATUS, Korea Electric Power
Corporation (KEPCO), Korea (1995).

[2] JONG-KTL PARK., MYUNG-JAE SONG, "Feasibility study on vitrification of low and
intermediate level radioactive waste from pressurized water reactors", Waste Management, 18(3),
(1998)157-167pp.

[3] HANDBOOK - VITRIFICATION TECHNOLOGIES FOR TREATMENT OF HAZARDOUS
AND RADIOACTIVE WASTE, Office of Research and Development, U.S. EPA,

[4] MYUNG-JAE SONG, et-al, A Feasibility Study on the Vitrification of Low Level Radioactive
Waste, KEPCO-KEPRI Report, KEPRI-94Z-17, Korea (1995).

[5] MYUNG-JAE SONG, et-al., Vitrification Technology Development for Low- and Medium-Level
Radioactive Waste (I) - Interim Report, KEPCO-KEPRI Report, TM.96NJ17.M1998.600, Korea
(1998).

[6] MYUNG-JAE SONG, et-al., "The conceptual design of an omnivorous and release-minimizing
vitrification facility for LILW from NPPs", Proceedings in The Fifth International Topical
Meeting on Nuclear Thermal Hydraulics, Operation and Safety (NUTHOS-5), Beijing, China
(Apr. 14-18, 1997)BBl-l~BBl-6pp.


