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Abstract. Research and development on research reactor decommissioning and environmental
restoration has been carried out at KAERI since 1997 to prepare for the decommissioning of KAERI's
two TRIGA-type research reactors, which had been shut down since 1995. A 3-D graphic model of
the TRIGA research reactor was built using IGRIP. The dismantling process was simulated in the
graphic environment to verify the feasibility of individual operations before the execution of the
remote dismantling process. An under-water wall-climbing robot, moving by propeller injection, and
identifying its coordinates by using a laser sensor, was developed and tested in the TRIGA reactor
pool by measuring a radioactive contamination map of the reactor surface. Using MODFLOW and
TRIGA site geological data, a computer simulation of the underground migration of residual
radionuclides, after the TRIGA reactor decommissioning, was carried out. It was found that the
underground migration rate was very slow such that, when radionuclide decay and dilution are
considered, the residual radionuclides will not have a significant environmental impact. The soil
decontamination R&D, using soil washing, solvent flushing and electro-decontamination
technologies, was carried out to determine the best method for decontaminating the soil waste
accumulated in KAERI. The decontamination results indicated that, using the soil washing method,
more than 80% of the soil wastes could be decontaminated well enough to discharge them to the
environment. It was also determined that the control of solution pH and temperature in the soil
washing process is important for the reduction of decontamination waste. Further decontamination,
using an electro-kinetic decontamination method, was considered necessary for the residual soil
waste, which consisted mainly of fine soil particles.

1. Objective

The first research reactor in Korea was a TRIGA Mark-II type, which began operation in
1962. The second one, a TRIGA Mark-Ill model, began operation in 1972. Both reactors had
their operations phased out in 1995 due to their age and the commencement of operation of
the new research reactor, HANARO, at the Korea Atomic Energy Research Institute (KAERI)
in Taejon. The decommissioning project of the two TRIGAs was begun in January, 1997 and
will be completed in December, 2007. The goal of this project is to decommission the reactor
site completely enough to allow its release for unrestricted reuse and to reduce the volume of
the resulting decommissioning wastes, including soil, to an as low as reasonably achievable
level.

The objective of the R&D program was to develop the decommissioning and
environmental restoration technologies necessary, not only for the TRIGA reactor
decommissioning project, but also for the future needs in the country, by using the retired
TRIGA reactors as experimental objects for testing and technology demonstration.

2. Computer simulation of research reactor dismantling process

Remote dismantling of nuclear facilities is desirable to shorten working time in the
radiation environment and to reduce human exposure. Before the execution of remote
dismantling processes; however, it is essential to verify the feasibility of the individual
operations through realistic graphic computer simulation. In this work, therefore, a 3-D
graphic model of a research reactor is built and its dismantling process is simulated in the
graphic environment.
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2.1. Design of dismantling process
In reactor dismantling, the components to be cut or disassembled include the reactor

tank, reactor internals, components and support structures around the reactor, piping, tank,
machine parts and concrete walls. The types of equipment that can be used for the various
dismantling processes are summarized in Table I.

Table I. Dismantling processes and equipment

Dismantling Process

Removal of Reactor peripherals

Removal of Reactor Internals

Removal of Reactor Core

Removal of Reactor Structures

Removal of Reactor Tank Liner

Demolishing of Concrete walls

Tools

Plasma arc cutter

Rotary disk knife
Shaped explosives
Plasma arc cutter

Manipulator
Shear cutter
Arc saw

Water jet
Diamond saw
Controlled blasting

Manipulator

Crane

Manipulator

Crane
Manipulator
Crane
Manipulator
Crane

Crane
Excavator

2.2. Graphic simulation system
As a graphics tool, the project used a commercial software package, IGRIP (Interactive

Graphics Robot Instruction Program), supplied by Deneb Robotics Company. This
programme requires the use of a high performance computer that is capable of performing
real-time graphic animation and computation. The graphic simulation system is composed of a
facilities and equipment modelling program, a simulation program and a program allowing
connections to external equipment. Figure 1 illustrates the structure of the graphic simulation
system.

2.3. Graphic modelling of research reactors
Research reactor facilities and dismantling equipment were drawn in 3-D CAD models.

Assembly size and shape of all models coincide with actual design drawings, and standard
coordinates are assigned for easy assembly. Each assembly part is modelled with independent
mobility. Each part is also assigned various mobility attributes such as the relative assembly
position, the kinematic constraints, and range of mobility. In concordance with such purpose,
IGRIP is provided with the function of reverse kinematics, dynamic, and liaison conditions
between the parts. As a result, the graphic models are constructed as independently operating
entities.

The graphic model of the reactor is composed of its various parts: reactor peripherals,
centre channel, reflector and specimen rack, fuel elements, reactor tank, internal tubes,
thermal column and thermal column door, etc., as illustrate Figure 2.
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Figure 1. Configuration of IGRIP graphic simulation system.
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Figure 2. Graphic model of TRIG A research reactor (Republic of Korea) by IGRIP.
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Each structural part is drawn in cross-section — the right and left section. During the
simulation, therefore, making one of the half-sectional parts transparent can make the internal
view of the facility visible. The models of dismantling equipment include the crane, bridge
transporter and robot. This equipment is mounted on the research reactor model in proper
arrangements to compose the entire simulation environment.

2.4. Computer simulation of dismantling process
Using the graphic models, a dismantling process is assimilated via graphical animation.

Such a simulation can effectively be used to study the dismantling process without actually
performing it, thus reducing the time and effort required for process design. Simulation is
performed on the removal of environmental devices, internal piping, thermal column, reactor
tank liner and the dismantling of installed equipment, etc. With the simulation, each
dismantling process is optimized through iteratively checking the validity of various locations
of the robot and its movement paths, and verifying that there are no interferences with other
items. The robot's movement paths are created as a sequential series of tag points, which are
tracked by the robot's end effector.

The simulation tool is programmed with Graphic Simulation Language (GSL) provided
as a part of IGRIP. GSL can simultaneously direct all equipment operation in the working
area, while continuously auditing the interference of each component during the operation.
The process of computer simulation thus incorporates a graphic display and kinematic and
dynamic calculations; all performed at the same time, demonstrating the progress of the work
process in real time. The typical graphic simulation results for the TRIGA reactor dismantling
processes are shown in the Figure 3.

2.5. Conclusion
The 3-D graphic simulation of a dismantling process, as presented in this work, can be

used as a supplementary technology for dismantling of nuclear facilities as a means to verify
the dismantling process. This technology may also function as an effective aid for remote
dismantling processes, not only in process design, but also in on-site execution of remote
dismantling processes.

3. Development of remote wall climbing robot for inspection and decontamination
3.1. Wall climbing robot function

The dismantling of the research reactors required an underwater measurement of the
surface contamination level of the reactor tanks, 2.0m(D) x 6.2m(H) in case of TRIGA
MARK III, and decontamination of any hot spots, for example in the bottom of the reactor.
The underwater wall-climbing robot was developed to measure the surface contamination
levels on components in the water and thereby to obtain the contamination map remotely and
automatically. Figure 4 shows the conceptual drawing of the wall-climbing robot carrying out
the inspection and decontamination of the reactor pool.

3.2. Selection of the wall climbing robots technologies

Wall adhesion methods using magnetic or vacuum technologies, and autonomous
navigation ability are prerequisites to the development of an effective wall-climbing robot.
Typical models available and their specifications are summarized in Table II. With reference
to the table, wall-climbing robots were developed for applications in many industrial facilities
such as buildings, warehouses, etc.
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Figure 3. 3 dimensional graphic simulator for investigation of the feasibility of decommissioning
process.
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Figure 4. Inspection and decontamination using wall-climbing robot.

135



However, these robots are unable to be directly applied to the underwater inspection and
decontamination of research reactors because they were designed to be operated in air.

3.3. Development of the underwater wall climbing robot design concept
The working environment and the design specifications of the wall-climbing robot for

use in the TRIG A reactor are:

(1) the working environment;
- working environment: under water (robot sealing required)
- wall material: concrete and metal (magnet wheel adhesion precluded)
- wall structure: rectangular (ranging function on the wall edge required)

(2) the design specifications;
- ranging with constant velocity in x and y direction
- maintaining a certain distance between wall and robot
- compensating robot weight by buoyancy (approximate coincidence of centre of

weight and centre of buoyancy)
- maximum ranging velocity > 300 mm/sec (maximum velocity of the existing wall

climbing robots is 170 mm/sec)
- size: less than 400(W) x 400(L) x 500(H) (considering the operation on edges)
- equipment and sensors installed: camera, lighting, gyroscope, integration controller

contamination measurement system, decontamination tool, and two axes
manipulator

Table II. Wall-climbing robots and their characteristics

Model

NINJA-I
by S. Hirose, Tokyo
Inst. of Technology
(1991)
ROBUG-II
by Collie, Portsmouth
Polytechnic (1991)

Biped Walking Robot
by A. Nishi, Niyazaki
Univ. (1992)

CEIT(prototype)
(1994)

CSIRO

WCR
by T. Fukuda, Nagoya
Univ.(1992)

Characteristic

Legged Type 4 Legged+ Vacuum
Suction

Legs: 3D parallel, Motor
Actuated Vacuum Suction

Legged Type
4Legged+ Magnet, Vacuum

Suction
Legs: 3D Parallel, Cylinder
Legged Type
2 Legged+ Large Vacuum

Suction
Motor Actuated
Worm Type
3 Vacuum Sucker Attached
Cylinder Actuated

Worm Type
2 Legged+6 Electromagnets
Motor Actuated
Crawler Type
Multiple Vacuum Pad on a Belt
Belt Driven by Motor

Specification

Weight: 45 kg
Size: 1.8 x 0.5 m
Maximum Speed : 16 cm/sec

Weight: 17 kg
Size: 1.0 x 0.7 m
Maximum Speed: N/A

Weight: 45 kg
Size: 1.8 x 0.5 m
Maximum Speed: N/A

Weight: 45 kg
Size : 0.6 x 0.3 m
Maximum Speed : N/A

Weight: 45 kg
Size : 0.6 x 4.5 m
Maximum Speed: 5cm/sec
Weight: 45 kg
Size : 0.6 x 0.3 m
Maximum Speed : 5 cm/sec
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In order to satisfy the above design specifications, the methods employed to achieve
wall adhesion and the navigation of the wall-climbing robots were investigated in this
research. As a preliminary study, the various adhesion and navigation methods of the existing
wall-climbing robots were analyzed. Another robot classification scheme, based on the
adhesion and navigation methods, is shown in Table III.

Table III. Classification of wall-climbing robots based on adhesion and navigation methods

Spec.

Actuation
mechanism

Model

Non-legged type

Crawler

Simple structure
Flat surface only
no steering

Wheel or crawler
Speed : 5 cm/sec

WCR

Worm

somewhat complicated
structure
curved surface
no steering

straight or articulated
movement by cylinder
speed : 17cm/sec

CEIT
CSIRO

Legged type

complex structure
free ranging of curved
surface
coner crossing possible

cylinder or linear motor
- NINJA: motor
- ROBUG-II: cylinder
speed : 16 cm/sec
NINJA
ROBUG-II
Biped Walking Robot

The crawler method is in turn divided into the magnet wheel and vacuum wheel types.
The magnet type is not appropriate for this application because a major item to be inspected
and decontaminated is the concrete wall. The vacuum-wheel type is also difficult to apply due
to the lack of ability to maintain constant velocity movement. Other types, the worm and the
legged, consist of multiple complex articulations and a large number of driving motors, so that
they are unable to work well under water.

In order to cope with these problems, a new conceptual robot employing a driving
mechanism composed of five propellers was devised during this research, as shown in
Figure 5. This driving mechanism can control the travelling, traversing, turning, and rotating
motions. The dynamic behaviour of the underwater robot and the fluid dynamics introduced
by the propeller actions were analyzed and the appropriate control method was selected to
control the propeller motion. There were two control methods considered, velocity and torque
control. The torque control method took priority over the velocity control method because it
had less non-linear characteristics. Therefore, the capacity and the kind of driving motors were
selected based on the torque characteristics of the propeller motion.

The manipulator installed in the upper part of the robot is used to carryout the inspection
and decontamination. The design of the manipulator is small and lightweight in order to
decrease the driving power needed. The structure and weight distribution were also designed
to minimize the driving force needed. From this point of view, the various mechanical types
were considered, and the SCARA type was finally selected because it is mechanically robust
and its motor has a high torque efficiency.

3.4. Wall-climbing robot

Based on the above design considerations, a wall-climbing robot was fabricated as
shown in Figure 5. The robot consists of an underwater navigation module, a manipulator, and
a control system.
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Figure 5. The underwater wall climbing robot and its components.
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The outer structure of the robot is a double skin structure made from Fibre Reinforced
Plastic (FRP). The outer surface of robot is double walled to prevent in-leakage of water.
Rubber O-rings are installed at the joints and penetrations such as between top and bottom
structures of the robot, manipulator attachment, cable, and motor axes. Silicon is applied for
extra protection from the water. To provide good heat transfer to cool down the interior
electric circuit the bottom plate of robot is made of brass. An anti-desiccant is also located
inside the main body to remove vapour.

The robot's movement is controlled by five propellers installed on the robot.

The SCARA type manipulator has two degrees of freedom. The manipulator arms are
fabricated from duraluminium, and the power transmission elements are fabricated from
tungsten. A radiation detector and a decontamination brush can be remotely attached to the
working end of the manipulator.

4. Assessment of radionuclide transport at the research reactor
The objective of this study is the analysis of the impact of residual radionuclides on the

area around the TRIGA reactor site after the decommissioning of the TRIGA reactor. Streams,
valleys, ridges and water table in the study area were investigated to establish the baseline
conditions. The soil in the study area was sampled and its hydraulic parameters were
measured. The impact of radioactivity on the area around the TRIGA reactor after 5, 10, 20,
and 30 years was analyzed using a 3 dimensional numerical model. The groundwater flow
velocity, calculated with MODFLOW, was used as input data. It was assumed that the major
residual radionuclides at the TRIGA reactor site were Co, Cs, and, Sr with an average
concentration of 1.0 following decommissioning. The boundaries used in the modelling are as
follows: the north boundary is the stream in the Barrae valley; the south boundary is the
Sinnae stream; the east is a mountain ridge 80-100 m above sea level; and the west is a line at
longitude 1270 04' 31". The area inside these boundaries is named the study area and contains
3.8 km2. The study area was divided into 4 layers with the following thicknesses. The upper
side of the 3 m thick 1st layer is the water table. The thickness of the 2nd, and 3 rd layers are 7
m, and 20 m, while the thickness of the 4th layer varies between 30 and 100 m. The bottom
side of the 4th layer is 38 m below sea level (Figure 6).

Groundwater flow modelling was created from MODFLOW (A Modular three
dimensional finite difference groundwater flow modelling program). The governing equation

for MODFLOW is:

Where:
, Ky and Kz represent the hydraulic conductivity in the x, y and z dimensions (L/T);

h is the hydraulic head(L);
Ss is the specific storage(l/L); and
t is time(T).
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Figure 6. Configuration of the water table and 4 layers.
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The computer code MT3D (A Modular Mass Transport 3-Dimension) was used to
model the radionuclides. The governing equation for MT3D is;

dC = d2C

dt dx2

D = dv + D*

Where: pb is the bulk density(M/L3); C is the contaminant concentration (M/L3); S the

absorption concentration(M/M); t the time(T); v is the flow velocity (L/T); D is the dispersion

coefficient(L2/T); X the material decay constant(T-l); D* the molecular diffusion

coefficient(L2/T); and T is the longitudinal or transverse dispersivity (L).

Computation of the water table level was based on the elevation above sea level of the
stream surfaces in the study area. The water table at other points was then interpolated from
the stream data.

A finite difference net was prepared by dividing the study area, which is 3 x 1.6 km in
area, into cells of 50 x 50 m. The number of finite differences cells in a given plane is thus
60 x 32 = 1920. As the study area consists of 4 layers, the total number of finite differences
cells is 7680 (Figure 7). Assuming that the TRIGA reactor area was contaminated by 60Co at
an average concentration of 1.0 following decommissioning, then the average concentration at
the reactor area after 10 years is 0.3, and the average concentration 15m distance from the
TRIGA reactor boundary after 10 years is 0.003 (Figure 8).
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5. Soil decontamination
5.1. Soil washing

The objective of the soil washing study is the development of decontamination
technology to be applied to soil stored in KAERI which has a radioactivity content below 0.4
Bq/g. The scope of the study includes the collection, drying, sieving and the use of XRD
analysis to investigate the characterization of the soil (Figure 9) and laboratory scale
experiments to study the sorption and desorption characteristics of cobalt ions with EDTA
(Figure 10) or citric acid under various solution pHs. Various liquid waste decontamination
treatment methods were also investigated. The design and fabrication of soil washing
equipment, chemical makeup systems and batch type decontamination reactors were
investigated as was the drying of soil on a conveyor system (Figure 11).

Experimental results indicated that the soil contains Hematite and Wustite, iron oxides
which are dissolved during decontamination. Since the amount of desorbed cobalt ions is
affected by the dissolved iron ions, the control of iron ions in solution is important in reducing
the radioactive waste volume (Figure 12).

5.2. Solvent flushing
This study was undertaken to develop technology for an in situ cleanup process that can

be used on a nuclear site to be used in the event of unexpected contamination or a nuclear
accident. The work scope included the design and fabrication of laboratory scale solvent
flushing equipment (Figure 13), and model development applicable to explaining the
decontamination characteristic of soil contaminated with Sr2+ ions. Collection, drying,
sieving and analysis were executed for the characterization of the soil. For the
decontamination test, citric acid was used as a decontamination agent at 25°C, and a given
quantity of effluent was collected. The Sr2+ ion concentration in the effluent was analyzed by
atomic absorption spectroscopy.

A non-equilibrium sorption solute transport code was written in FORTRAN 77 using
the Galerkin finite element method with a Linear Basis Function. The matrix calculations used
the Thomas algorithm. Time differentiation used the Implicit Difference Scheme

d 9 22 dx 9 2dt 9 dt 9 dt dx2 dx 9

Sx=KpC

Measured values of the input parameters are as follows. The dry bulk density is
1.55 g/cm3; porosity is 36.27 %; water content is 12.00 %; and the pH is 4.3. The hydraulic
conductivity and pore velocity were measured from the accumulated effluent volume through
the solvent flushing column, during a period of 90 minutes under latm. The measured
hydraulic conductivity is 5.2 x 10"4 cm/min, and pore water velocity is 0.103 cm/min. The
hydrodynamic dispersion coefficient was measured in the solvent flushing column with uranyl
(U2O) solution. Ogata's analytical solution for one-dimension was calculated to be 1.5
m2/min using Mathematica software. The distribution coefficient is 0.2 L/kg in citric acid
solution, and the instantaneous adsorption ratio is 0.1. Also, 92.7 % of the Sr2+ ions removed

142



were extracted in the pore volumes from 1 to 4. Effluent concentration was decreased to 16 %
of the initial concentration after 10 pore volumes passed. Meanwhile, numerical values are in
good agreement with the experimental ones (Figure 14).

5.3. Electrokinetic soil decontamination

The characteristics of electrokinetic soil decontamination are discussed below (see
also Figure 15). This method is applicable to heavy metals, organic compounds and
radionuclides. It can be used on-site for heavily contaminated areas, and is being developed
for use in less heavily contaminated areas. The objective of this study was the development of
electrokinetic soil processing technology for soil contaminated with 60Co, 137Cs or 90Sr. The
study included the determination of input parameters and the optimization of decontamination
efficiency. The work scope covered the design and fabrication of laboratory scale test
equipment, the investigation of decontamination efficiency, and the modelling of
decontamination behaviour.

The governing equation of electrokinetic remediation is:

dnC. nD.d2C. pr n

dt i x dx2
 y i i nJ dx dx

where:
D is the diffusion coefficient;
ui is the ionic mobility;
F is the Faraday constant;
z is the zeta potential; and
ju is the viscosity coefficient.

The boundary conditions are:

- C(0,x) = C0 for0<x<20;
- C(t, 0) = 0, and C(0, 20) =0; and

The input parameters for modelling are given in Table IV. As for solvent flushing, the
modelling was done with a computer code written in FORTRAN 77, using the Galerkin finite
element method with a linear basis function. Time differentiation is via an implicit difference
scheme, and matrix calculations used the Thomas algorithm.

Experimental results indicated that when an acetate buffer was injected into the soil, no
precipitate formed in the column due to the restraint of the pH increase. Figure 16 shows a
high remediation efficiency for the process. Namely, 21% of the total amount of Sr2+ in the
column (13.9 mg) was removed after remediation for 0.6 days, 33% (21.9 mg) was removed
after 0.9 days, 84% (55.8 mg) was removed after 1.6 days, 92% (61.1mg) was removed after
2.5 days, and 97% (64.4mg) was removed after 3.8 days. At the end of the run, the kaolin clay
was drawn out and divided into several pieces. The concentration in the pore solution was
measured by atomic absorption spectroscopy. The predicted values of the residual
concentration after remediation calculated by the modelling code were fairly similar to the
experimental values. In conclusion, 97% of the total amount of Sr2+ in the column was
removed after remediation with acetate buffer for 3.8 days.

143



0 200 400 $00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
1600

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
(m)

1 Vs

1 ' <
1 1

i'.'

--6.4O5 — r ^ ^
s JJ^OJ ^— ^ ^" |V̂

/ *
1 i *
1 1 '
t 1 '
t f '

, -0.603 vV\x!
- ^ - - 0-503 J^vii

S'1

•

— TRIGA Reactor Building Boundary
— Co Concentration Ratio

(Predicted Cone, after lOyears
/Contaminated Cone.)

Fig.8. Co Transport assessment around TRIGA building after 10 years (TRIGA building area was
assumed to be contaminated with l.Oppm Co).

C

a

B : Fe2O3 (Hematite)
C : FeO (Wustite)
E : AI2O3

45 50
2-Theta-scale

55

Figure 9. XRD pattern of soil before decontamination.

144



0.00 0.01 0.02 0.03 0.04 0.05

EDTA Concentration (mole L"1)

Figure 10. Desorption ofCo2+ ions according to the [EDTAJ at various solution pH.

Decontamination Agent
(4EA)

Reactor

• T< 30 °C
• pH Measure
• Filtration System
• Back Washing

Contaminated Soil

.>

Dryer

• T<200C, Heating
• Screw Type Conveyer

?i>m/min

Figure 11. Soil washing equipment.

145



<N

o
E
o

C
o

o
o
•a
o

o
Q

7.2

7.0

6.8

6.6

6.4

6.2

•

-

pH

5.1

j

5.5 /

(r=0.971)
/

4 X

/

/

/

/ P H 4

5.8 / (r=0.98)

6.2 /

/
/ • 6.5

• Temp. 25 °C
• Temp. 55 °C

i i i i i i

10 15 20 25 30

Dissolved Fe ion (107 mole/m2)

Figurel2. Correlation between Fe ion and Co2+ ions in EDTA solution.

12cm
6cm

\f

- ^

Soil
Column

- ^
•

•
• 1

Effluent
Sir—^H
R55ervoir 1

Pressure
Gauge

Filter

t
z

y Bypass

r '

Pressure
Pump i

r Solvent 1

=feifervoir |

Atomic Absorption
Spectroscopy

Figure 13. Apparatus for solvent flushing.

146



Nonequilibrium model value

Experimental value

4 6 8

Pore Volumes

10

Figure 14. Experimental results of solvent flushing by citric acid solution.

1)

20 cm—•
I at *M • ^m • • <rap

B7WPVpa ra l l iar l l l7ll a a
B BTip l

B 1»p l
B l i la a i *B laV l l ^ - l H ^ B l B | * a i l B ^ « * 1

B * « * l
B l W ^ n a a

B B l l ^ •aa_7atat
B i»aa

Bt • "_* al " ^

?iTVV^VV.
• " " " • • • • • • • • • • • • • • • " • "

, • . . . . . • . . • . . • , . • . . • . . • „ . • , . • , . . . . • , .

. - . • • . • • . • • . • • .

. • . - • . • • . • • • . • , • • . - " . • " . . - .

a a a ? ,

(6,7

Figure 15. Schematic diagram of electric cell. (1) Ti electrode, (2) Pt wire, (3) effluent out, (4) clay,
(5) water in, (6) filter paper, (7) stainless steel sieve.

147



KJ.KJ \£. "

^ 0.010-

P 0.008-
* - > " • ^ - " - '

8 0.006-
oo
E 0.004-

1 0.002-
•4—»

° 0.000 H

/ | Initial concentration

0.6day

/' /
/ ^ 1 0.9day

/ /'
/ /

I t
; /

! /
/ /'

/ /'

/ /'
/ / , ' '

' 1 ' 1 ' 1 ' 1 ' 1 ' 1 '

• Experiment

1.6day

y
•

i '

/ 2.5day

/ - " " " "p " X 3.8day
, ._ . / - ~a

i

0 2 4 6 8 10 12 14 16 18 20

Distance from anode(cm)

Fig.16. Distribution of total strontium concentration in soil column versus time.

Table IV. Input parameters for electrokinetic modelling

Parameter
Bulk density

Cell length
Cell diameter
Temperature(K)
Porosity
Applied potential
Faraday constant
Effective Di

Kd
Effective ionic mobility
Electroosmotic velocity

Value
0.97 g/cm3
20 cm
2.8 cm
298
0.25
40 V
96487 C/mol
1.5 x 10-2 cm2/min
3.11 ml/g

0. 584 cm2/V. min
8.28 x 10-3Cm/minat40V

6. Conclusions

From KAERI's research and development work on the decommissioning of research
reactors and environmental remediation, the following conclusions can be drawn.

A 3-dimensional graphic simulator using IGRIP and its actual application to the TRIGA
reactor dismantling process showed satisfactory performance for the investigation of the
feasibility of the decommissioning process and for the training of radiation workers. The test
results of the underwater wall-ranging radiation inspection robot in the TRIGA reactor pool
were satisfactory. They indicated that the robot was especially useful in measuring the
radioactive contamination map of the non-metallic surfaces in the water.
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From the assessment of the underground radionuclide transport around the TRIGA
reactor building, it was found that the radionuclides would have no significant influence on
the environment in future due to their slow migration rate, their decay and dilution. The soil
decontamination results showed that, by using the soil washing method described, more than
80% of soil wastes could be decontaminated sufficiently to allow them to be discharged to the
environment. It was also determined that the control of solution pH and temperature is
important for the reduction of decontamination waste in the soil washing process. Further
decontamination, however, was found to be needed for the residual soil waste, consisting
mostly of fine soil particles, by using the electrokinetic decontamination method.

7. Future research work

The D & D works for the Korean TRIGA reactors will be completed in 2007. Along
with the D & D work, soil remediation and residual radioactivity assessment will continue to
be studied until 2007. Surface decontamination of metal waste and the treatment of uranium
sludge wastewater will also be studied. Meanwhile, development of radiation dose
measurement equipment by remote control, graphite treatment research, and remote cutting
equipment will be developed in the near future.
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