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Abstract

The decontamination and decommissioning (D&D) project of TRIGA Mark- I & Mark- II (KRR -
1&2) was started in January 1997 and will be completed by December 2002. In the first year of the project, work
was performed in preparation of the decommissioning plan, start of the environmental impact assessment and
setup licensing procedure and documentation for the project with cooperation of the Korea Institute of Nuclear
Safety (KINS). In the second year, Hyundai Engineering Company (HEC) with British Nuclear Fuels pic (BNFL)
as technical assisting partner was designated as the contractor to do design and licensing documentation for the
D&D of both reactors. After pre-design, a hazard and operability (HAZOP) study checked each step of the work.
At the end of 1998, the decommissioning plan documentation including environmental impact assessment report
was finished and submitted to the Ministry of Science and Technology (MOST) for licensing. It is expected to be
issued by the end of September 1999. Practical work will then be started around the end of 1999. The safe
treatment and management of the radioactive waste arising from the D&D activities is of utmost importance for
successful completion of the practical dismantling work. This paper summarizes general aspects of radioactive
waste treatment and management plan for the TRIGA Mark-I & II decommissioning work.

1. INTRODUCTION

TRIGA Mark-JJ (KRR-1), the first research reactor in Korea, has operated since 1962, and
TRIGA Mark-HI (KRR-2), the second one since 1972. Both of them have been phased out in 1995
having served their lives and because of the start of operation of a new research reactor the 'High-
flux Advanced Neutron Application Reactor' (HANARO) at the Korea Atomic Energy Research
Institute (KAERI) in Taejon [1].

The decontamination and decommissioning (D & D) project of the KRR-1 & 2 was started in
January 1997 and will be completed by December 2002. In 1997, the first year of the project, works
were performed in preparation of the decommissioning plan; the start of the environmental impact
assessment and setup licensing procedure and its documentation with cooperation of the Korea
Institute of Nuclear Safety (KINS).

At the end of 1998, Hyundai Engineering Company (HEC) was selected, by open bid, as the
main contractor to do design and preparation of licensing documentation for D & D of both reactors.
And British nuclear Fuel pic (BNFL) is the technical assisting partner of HEC for design.

The decommissioning plan document including environmental impact assessment was finished
at the end of November 1998 and submitted to the Ministry of Science and Technology (MOST) for a
decommissioning license in December 1998, and it expecting to be issued by the end of September
1999. Practical dismantling works will be started around the end of 1999 once the license is issued. A
Company that will do the dismantling works will also be designated by open bid.



In June 1998, all spent fuels from these two research reactors were safely transported to the US
according to US origin spent fuel management policy. Therefore, an important step for the
decommissioning was completed.

Meanwhile, preparation works for decommissioning have continued from the year 1998 such as
installing radiation measuring and analysis equipment and a turn-style control gate that is equipped
with an automatic individual radiation exposure record system. Hot and cold showers for workers,
laundry equipment and some temporary storage facilities will also be installed before practical
dismantling work.

A tentative schedule for the D & D project for the KRR-1 & 2 is shown in Fig. 1. The final goal
of the project work is that all of the radioactive materials be removed and packed in containers so that
the remaining buildings and the site can be used as an unrestricted area. While it is planned to turn
KRR-1 into a science memorial museum after the removal of all radioactive materials, KRR-2 will be
completely dismantled for the general uses of the building.
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FIG. 1. Decommissioning schedule of KRR-1 & 2.

Fig. 2 shows a general layout of the TRIGA Mark-II & IE reactors site. The total area is
47417m2. The shaded doted buildings are estimated to be contaminated and are to be decontaminated
and/or dismantled. There are two reactor buildings, hot-cells (concrete hot-cells and semi hot-cells),
experimental laboratories, liquid waste storage tanks (old and new) and pools, liquid radioactive
waste treatment building, radioactive solid waste storage building, resin regeneration building, natural
evaporation facility and so on.

Table I summarizes general characteristics of KRR-1 & 2. As shown at the table, the main
differences between KRR-1 & 2 are the types of the reactor (fixed core vs movable core), thermal
capacities (250 kW vs 2MW), the reflector type (graphite vs H2O) and the enrichment of the U (20
% vs 70 %). The active part of each fuel moderator element consists of a solid homogeneous mixture
of uranium-zirconium hydride alloy containing 8.5 % by weight of uranium enriched.



It may be noted that the KRR-1 was initially designed and constructed to provide thermal power
up to 100 kW in 1962, but was upgraded up to 250 kW in 1969 because of its great need from the
nuclear communities in Korea.
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FIG. 2. Layout of the TRIGA Mark-II & III reactor site.

TABLE I. CHARACTERISTICS OF KRR-1 & 2

Items

Reactor Type

Thermal Power(kW)

First Criticality

Shut down

Total Operating Time(Hours)

Total Generating Power (MWh)

Neutron Flux(n/cm2-sec)

Fuel
Contents of U (w/o)
Enrichment (w/o)
Cladding
Chemical composition

Moderator

Coolant

Reflector

Control rod

KRR-1

Open pool, Fixed core

250

1962.3. 19

1995.1

36000

3700

1 x io13

8.5
20
Al

U-ZrHt.o
H2O

H2O

Graphite

B4C

KRR-2

Open pool, Movable core

2000

1972.5. 10

1995.12

55000

69000

7 x 1013

8.5
70

304SS
Er-U-ZrHo.6

H2O

H2O

H2O

B4C



The KRR-1 & 2 had been operated for 34 and 24 years respectively. These two reactors were
used in research for reactor characteristics, material tests, textures studies, radioisotope production,
training, education and other basic research by using neutron beams.

2. RADIOACTIVE WASTE TREATMENT PLAN

Proper management of radioactive wastes is of utmost importance for successful fulfillment of
the project. Radioactive wastes arising from decommissioning works are very divers not only by size
(it is sometimes very difficult to reduce the volume), but also by radioactivity and by physical type.

Planning a waste management program requires knowledge of the types, the mass and volume
inventory of the waste of both the existing waste and that which will be generated by the
decommissioning activities, so that suitable methods of processing the waste and packaging the final
solidified waste materials can be determined.

The types of waste material that will be considered and encountered during the
decommissioning activities are firstly classified based on whether they are contaminated or non-
contaminated waste materials. They will also be classified by physical types (solid, liquid and gaseous
waste) and by radioactivity (low and intermediate level radioactive material). However, high level
radioactive material will not be considered because of the completion of all spent-fuel transportation
to the US. Special waste such as cadmium, asbestos, sodium lamps, HEPA filters, spent resin, lead etc.
will be considered differently.

In this paper, all the radioactive wastes will be classified for convenience by physical types-
liquid, solid and gaseous types. Preliminary inventory of the radioactive wastes shows the volume of
low-level solid wastes: about 650 m5, intermediate level solid waste; 1.5 m3 before sorting, and
operational liquid waste 400-m3 [2]. But this is just an indicative number and will be varied
depending on the contamination and activation levels.

2.1. Radioactive liquid waste treatment

All of the operational and existing liquid radioactive wastes are more or less under free
discharge level (less than 1.85 x 105 Bq/m5) with a maximum quantity of 400 m5 as shown in Table 2.
The main radionuclides contained in the liquid wastes are 60 Co and l37Cs.

Flushing and equipment decontamination as well as by washdown of radioactive areas for
contamination control. These secondary liquid radioactive wastes will be minimized by using the least
possible quantity of washing liquid.

All of these liquid wastes will be further concentrated by using the natural evaporator which is
in operation from April 1999. It has a maximum evaporation capacity of 200 t/y[3]. Such a natural
evaporation facility has been safely operating for the concentration of very low-level radioactive
liquid waste being produced at KAERI's Taejon site without any environmental risks since 1990. All
of the operating data accumulated were referred to and used in the design and construction of the new
evaporation unit at the TRIGA site [4].

A flow diagram of the natural evaporator installed on site is shown in Fig. 3. Radioactive liquid
wastes will be transported by a tanker-lorry or by a flexible hose from the storage ponds or tanks to
the evaporation unit. Liquid waste will continuously be distributed in the form of a film on the
evaporation surface. Simultaneously air from outside will be supplied by means of two exhaust fans to
increase the evaporation rate. At the end of the operation, the concentrates will be removed from the
bottom of the tank and solidified in cement or dried naturally until in the form of cake to further
reduce the final volume of waste.



TABLE II. RADIOACTIVITY OF THE OPERATIONAL LIQUID WASTE

Location
KRR-1
Reactor Pool
Bulk-Shielding Tank
Spent Fuel Storage Facility

KRR-2
Reactor Pool (Upper part)
Reactor Pool (Lower part)

Spent Fuel Storage

Out Side tanks
Long Lived Storage Pond
Short Lived Storage Pond

Very Low-level Pond
KRR-1 Old Storage Tank

Radioactive Liquid Waste
Treatment Facility Tank

a
(Bq/m3)

4.37E-04
ND
ND

ND
ND

ND

1.12E-03
3.41E-04

ND
6.81e-04

ND

P
(Bq/m3)

NDa

2.30E+03
ND

1.46E+04
5.15E+05

6.29E+02

9.14E+04
1.89E+05

ND
1.29E+02

1.43E+03

Y
(Bq/m3)

ND
ND
ND

Cs-137: 1.62E+04
Cs-137 : 9.34E+04
Co-60: 1.56E+05
Mn-54 : 1.86E+04

ND

Co-60: 1.56E+05
Co-60 : 6.59E+04
Zn-65 : 3.77E+04
Cs-134 : 3.48E+04

ND
ND

Cs-137 : 2.88E+03

H-3
(Bq/m3)

1.70E+06
-
-

4.18E+06

-

-

-

-

-
-

_

' Non Detectable

FIG. 3. Flow diagram of natural evaporation.



The result of an effective dose assessment for an individual with the most conservative data
input shows 1.01 x 10" mSv/y, which is far below the regulated dose limit of 1 mSv/y. The maximum
radioactivity calculated in the exhausted air is 4.637 x 10"14 |uCi/cc-air based on l37Cs. This is also
largely negligible compared with the maximum permissible concentration of 2 x 10"9 |uCi/cc for l37Cs
in air [5]. The final concentrate produced from the natural evaporator will be solidified in cement or
dried naturally depending on its final status, before putting it into a 200-liter drum.

Radioactive laundry and shower wastes will be treated by a membrane facility which has been
developed at KAERI and will be installed specially for the D & D project on site. This membrane
facility will also be utilized for the treatment of laundry and shower liquid radioactive wastes arising
from the HANARO research reactor in Taejon. The flow diagram of the membrane facility is shown
in Fig.4. The system consists of two membrane units (ultrafiltration module and reverse osmosis
module) and a wet oxidation unit.

Ultrafiltration (UP) is applied as a pretreatment step to remove all suspended and colloidal
solids and water-soluble species of large molecular sizes in the wastewater. A reverse osmosis (RO)
unit then treats the wastewater. The retentate of RO which is recirculated from the feed tank and the
permeate are collected separately. RO retentate containing surfactant micelles with spherical
aggregates of 50-100 surfactant molecules is again treated in the second UF unit. The UF concentrate
is finally treated by the wet oxidation (WOX) unit for the destruction of concentrated surfactant.
Ultimate permeate will then be sent to the natural evaporator. And the concentrate from the natural
evaporator will be dried and packed in a proper drum.

Waste Storage Pretreatment Step Pre-concentration Step Volume Reduction Step Decomposition Step

Concentrate

Discharge
or

Natural Evaporator

Storage Tank ! Strainer

FIG. 4. Flow diagram of the membrane equipment.

Simple and movable cement solidification equipment will be installed on site for the
solidification of concentrated liquid waste from the natural evaporator. But the drying option instead
of solidification of the concentrated liquid wastes is also available for further volume reduction.

Since the KRR-1 & 2 and research laboratories have operated for more than 34 years, all of the
liquid radioactive waste tanks and ponds are filled more or less with slurry at the bottom. The total
quantity of the slurry is estimated around 4 m3 [6]. It will be less than 1 m3 after concentration by
filtration [7]. A study on the proper treatment method of slurry waste is under way and it will be
decided in near future.



2.2. Solid free release waste

Free release wastes will result from sections of the decommissioning areas which have very
little or suspected level of contamination or radioactivity associated with them, for example outer
concrete of the KRR-1 and KRR-2 shield tank structures or miscellaneous articles from laboratories.

The volume of free release waste will be dominated by the inactive concrete waste from the
decommissioning of the KRR-1 and KRR-2 shield structures. This volume is estimated to be around
1200m but will depend on the depth of radioactive contamination of the shield structures.

Calculations, monitoring and sampling should allow the radiation protection personnel to find
an accurate boundary between non-active and active concrete of the shield structures and tank floors.
Monitoring will also be carried out to ensure that the waste is suitable for free release, for example to
the industrial burial site.

2.3. Low level radioactive solid wastes

Main production areas of the low level radioactive wastes is the reactor hall, fuel storage pond,
hot-cell, laboratories, resin regeneration facility and old and new radioactive liquid waste storage
tanks for KRR-1 and reactor hall, fuel storage areas, hot-cells, semi hot-cells, laboratories and
radioactive waste storage tanks for KRR-2. It is also expected from the waste storage building, liquid
radioactive waste treatment building and so on.

Radioactivity of solid waste produced during dismantling is generally very low. But the physical
types will be very diverse; 10 m3 and other sizes of tanks, heat exchangers, activated concrete,
laboratory equipment, filters & filter housings, ducts, pumps, pipes, reactor components,
contaminated concrete or materials, shield doors, beam ports, compactible and/or combustible waste
such as papers, cloths, gloves, shoes etc.

Trained workers under the control of radiation protection personnel most carefully segregate all
of the radioactive wastes after which volume reduction is effected by cutting and/or compaction of the
wastes prior to putting them in a proper container.

Cutting into small pieces of some voluminous tanks that are coated with lead of 1 -cm thickness
for shield purpose will be very difficult and time consuming. These tanks are therefore, directly used
as containers for low level radioactive materials taking into consideration the nuclear law in respect of
the allowable surface dose limit.

Heat exchangers and metallic shield doors will be stored as they are. But if necessary fixation of
free standing water by cement inside of the heat exchangers will be done prior to putting them in the
interim storage facility.

Compactible and/or combustible solid wastes such as papers, gloves, shoes etc will be packed in
200 liters drums. All the other non-compactible solid wastes will be packed in
a 4-m3 container or other appropriate container sizes.

2.4. Solid intermediate level waste

It is anticipated intermediate level waste, of which there will be approximately 1.5 m5, will be
comprised of the stainless steel components of the 3 research reactors (RSRs) (2 for KRR-1 and 1 for
KRR-2) and some other stainless steel components from the two reactor cores or vicinity.

Calculations were carried out to estimate the dose rates associated with the RSRs by using the
FISPIN code that was developed by AEA Technology pic.



Based on operational data from KRR-1 reactor (34 operational years, 3 years since shut-down,
maximum flux 1.0 x 1013 n/cm2-sec, total thermal power 3753MWh), activation of the stainless steel
is 25.92 mCi/g (60Co) and average flux is 5.16 x 1011 n/cm2-sec. The mass of 60Co in a KRR-1 RSR
would be 4.55 Ci giving a dose rate of 60.06 mSv/h at a distance of 1 m from the unshielded RSR.

Based on operational data from KRR-2 reactor (24 operational years, 3 years since shut-down,
maximum flux 7.0 x 1013 n/cm2-sec, total thermal power 68740 MWh), activation of the stainless steel
is 142.9 mCi/g (60Co) and average flux is 3.6128 x 1012 n/cm2-sec. So the KRR-2 RSR is estimated to
have approximately 25.1 Ci of 60Co giving a dose rate of 331.3 mSv/h at a distance of 1 m from the
unshielded RSR [8][9].

The KRR-2 RSR will be transported to the exposure tank of KRR-1 where two KRR-1 RSRs
are actually stored. These 3 RSRs will be cut to take out all stainless steel components and to put them
in a TIF (TRIGA Irradiation Fuel) for storage and future transportation.

2.5. Special radioactive solid waste

Expected special radioactive solid wastes arising as a result of the decommissioning activities
are cadmium, asbestos, ion exchange resin columns, sodium lamps, HEPA filter and lead. All of the
special radioactive solid wastes will be treated in a proper manner according to national regulation or
guidelines.

2.6. Gaseous wastes

The decommissioning areas are ventilated using the respective building ventilation systems that
provide two levels of filtration. Because of the low levels of contamination within the
decommissioning areas, it is considered that levels of aerial activity generated from the majority of
the operations will be insignificant.

However, there is the potential to generate aerial activity during the removal of the activated
concrete and the removal of the thermal columns. The use of containment with a portable ventilation
system during operation where there is the potential to generate airborne activity, ensures that best
practicable means are used to reduce environmental discharges, providing an additional two levels of
filtration to that of the building ventilation system (also HEPA filtered). All discharges to the
environment are monitored to allow the actual discharges to be compared with estimated discharges.

Where possible contamination will be removed by swabbing with a suitable decontamination
agent. However fixed contamination will be removed from concrete surfaces by scabbing. The
scabbing process will minimize the release of airborne activity during the scabbing of concrete
surfaces. The scabbing head is contained and the dust is vacuumed to a drum, the exhaust from the
vacuum is HEPA filtered.

2.7. Temporary storage of wastes

All radioactive wastes will be packed in a 4 m or in a 200 liters drum(or other adequate sizes
depending on waste status) under solid form except some particular wastes such as tanks, heat-
exchangers, shielded doors etc, which will be stored as they are and transported directly to the final
disposal facility in the future.

Waste characterization data sheets will be filled, in to record required details such as weight,
material and activity assessment. Simultaneously, the information will be saved by database for final
disposal.



All of these wastes will be temporarily stored in the KRR-2 reactor hall until 2008 when a low-
and intermediate-level radioactive disposal facility is operational. Radiation monitoring and
protection during that period will be assured by KAERI.

3. CONCLUSION

As the dismantling of the TRIGA Mark-II & IE research reactors is the first experience of its
kind in Korea, and as there is no existing well established standards and regulations, all activities
concerning not only the dismantling activities but also waste treatment and management including
exemption-level waste will be closely discussed on a case by case basis with Korean authority bodies.
Such close discussions between KAERI and KINS are just aimed to adjust the conditioning and
storage of the waste produced, to identify the ideal methods of treatment and to also determine the
future disposal needs accordingly. Future radiological surveys, by sampling of all facilities and sites
will be regularly done prior to the dismantling activities of each part to decide the exact volume of
radioactive waste to be managed.
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