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Development of a pilot size of electrochemical
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SUMMARY

I . Project Title
Development of a pilot size of electrochemical flushing equipment for

radioactive soil and concrete

IT. Objective and Importance of the Project
A pilot size of electrochemical flushing equipment will be manufactured
suitable to the contamination characteristics of radioactive soil and
concrete stored in KAERI radioactive waste storage. An optimal reagent
and an optimal decontamination conditions should be decided through

many experiments.

M. Scope and Contents of Project

- Contamination characteristics analysis of TRIGA radioactive soil and
concrete

- Manufacture of electrochemical flushing equipment in a laboratory
scale

- Deduction of optimal reagent and decontamination conditions

- Manufacture and improvement of suitable electrochemical flushing
equipment for contamination characteristics in pilot size

- Decontamination experiments of electrochemical flushing equipment in

a pilot scale

IV. Result of Project
A pilot size of electrochemical flushing equipment was manufactured
suitable to the contamination chacteristic of radioactive soil and concrete
stored in KAERI radioactive waste storage. An optimal reagent and an
optimal decontamination conditions were decided through many
experiments. Also, The removal efficiencies of 60Co and 137Cs from the
radioactive soil of 2,000Bq/kg were 99.9% and 94.3% by an

electrokinetic-flushing decontamination by the application of an electric



current of 20 mA/cm?2 for 50 days. The removal efficiencies of 60Co
and 137Cs from the radioactive concrete of 2,000 Bq/kg were 99.8% and
92.3% by electrokinetic decontamination after pretreatment by the

application of an electric current of 20 mA/cm2 for 40 days.

V. Proposal for Applications
- Decontamination of radioactive soil and concrete stored in KAERI
radioactive waste storage, using the developed equipments through the
scale-up
- Application when decontamination of radioactive soil and concrete
stored in ko-ri and Young-kwang nuclear power plant.
- Application to decontamination of heavy metal where military and

mine

_vi_
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Table 1. Radioactive concentration according to paticle size

Surface effective

dose rate of Particle Size | Volume (%) Co-60 (Ba/kg) Cs—-137 (Ba/kg)
waste drum
>1.0mm 28.3 30.9-173.7 1.5-886.0
°'°5m{*7/<2)ab°\’e 0.063-1.0mm 61.2 125.2-895.3 16.3-3200.2
<0.063mm 10.5 380.5-4325.0 47.1-9354.0
>1.0mm 48.5 2.6-21.0 0.3-31.1
0.02 00omA/M | 0.068-1.0mm | 465 5.3-187.8 11.7-389.7
<0.063mm 5.0 26.1-246.4 261.5-1453.7
>1.0mm 52.4 43-15.2 2.5-7.0
o.ozm(gé%bemw 0.063-1.0mm 43.1 12.1-59.1 04.4-47.0
<0.063mm 45 47.3-174.7 75.6-317.2

Q) dA 27, FEARE,

ol

1= — >
=& & =4

@ TRIGA E¥4e] 4¢ thke] mefg e A F3tE FolH, F48LS
Si0,¢F AL O,, 183 K,0 o™, A4 A= (Bulk density) 154g/cm’o
W FIES 426%0M, FTIIEE 27%0H, AT FHUAEEE
3.3x107% em/sec olH, pHE 65011, E4e] HAAY=E= 11lmm ©|H,
AA 0.01M S A B AEtE|ALS -445 mVo|t} [Table 2~4,
Fig. 3~4].
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Table. 2 Contents of the TRIGA soil componet

Component Content(%)
Si0, 68.1
Al,O4 16.7
K,0 8.27
Fe,04 2.2
P,0, 1.63
Ca0 1.51
Na,0 0.97
MgO 0.21

Table 3. Hydraulic parameters of the TRIGA soil

Bulk density (g/cm®) 1.54

Porosity (%) 42.6
Hydraulic conductivity (cm/sec) 3.3x10° 3

Water content(%) 27.0

pH 6.5

Table 4. Hydraulic parameters of the TRIGA concrete

Bulk density (g/cm?) 1.65
Porosity (%) 38.8
Hydraulic conductivity (cm/sec) 2.7x107 3
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Table 5. Removal efficiencies of metals in electrochemical waste-
solution according to pH

pH/Metal Cs Co Fe Ni
9 18 % 99.7 % 98 % 98.4 %
10 21 % 99.9 % 100 % 98.6 %
11 22 % 99.9 % 100 % 98.6 %




(4) AR EA HA Adddz=d 2 AAJMA =&
@ Nty dPAdE AVSGAAGAE ol &kl B ed¥ BY,
AYE TFEY, 2 FAYES Add s FEAIII7] A& Al
A, A, A2 S getrE e dgsiy Add ddxd 3 28 E
o Al AARE A= th53 2 [Table 6]

Table 6. Eectrochemical

remediation experimental

conditions and

results
Reagent(M) Remediation Removal Electric current | Effluent Volume Remark
time(days) efficiency (mA/cm?) (ml/g, 1.6kg)
Co(%) | 84.5 _ i
EDTA(0.01M) 15 Cs(%) | 62.9 4 Soil
Oxalic acid Co(%) | 91.4 .
(0.01M) 15 Cs(%) | 85.0 4 Soil
Citric acid Co(%) | 87.5 i
(0.01M) 15 Cs(%) | 74.2 4 Soil
Acetic acid Co(%) | 92.5 i
(0.01) 15 Cs(%) | 85.9 4 - Soil
Nitric acid Co(%) | 94.3 .
(0.01M) 15 Cs(%) | 87.7 4 - Soil
Nitric acid Co(%) | 94.0 .
(0.05M) 15 Cs(%) | 85.6 4 Soil
Nitric acid Co(%) | 97.3 i
(0.01M) 15 Cs(%) | 93.0 8 2.6 Soil
Co(%) | 3.1 _ .
water 15 Cs(%) | 21.1 4 Soil&Concrete
Nitric acid Co(%) | 20.1 .
(0.1M) 15 Cs(%) | 38.0 4 - Soil&Concrete
Hydrochloric Co(%) | 2.0 ,
acid (0.2M) 15 Cs(%) | 68.2 4 Soil&Concrete
Nitri d Soil&Concrete
itric aci Co(%) | 95.4 i
(0.01M) 15 Cs(%) | 92.5 4 3.2 (A.fter concrete waching
with 3.0M HCI for 4Hrs)
Nitric acid Co(%) | 0.8
(0.1M) 15 Cs(%) | 55.0 4 concrete
Hydrochloric
. Co(%) | 1.0 -
acid 15 Cs(%) | 65.0 4 concrete
(0.2M)
Nitri id concrete
itric aci Co(%) | 99.7 .
(0.01M) 15 Cs(%) | 99.6 4 5.7 (After concrete washing
with 3.0M HCI for 4Hrs )
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Initial Con. | Remediation Removal Electric Waste Particl
Reagent ) N : Current solution size
(Ba/kg) time(days) efficiency(%) (mA/cm?) (ml/g) (mm)
Acetic acid | Co /) Co 81.7
20 10 2.4 0.6
(0.01M) Cs | 120 Cs 55.3
Nitric acid Co 60 Co 84.6
20 10 2.5 0.6
(0.01M) Cs 75 Cs 57.3
Nitric acid Co 1200 Co 98.7
20 10 2.6 0.6
(0.01M) Cs | 1650 Cs 61.2
Nitric acid Co 680 Co 99.1
20 10 2.6 1.2
(0.01M) Cs 950 Cs 63.3
Nitric acid Co 770 Co 99.7
©0.01M) | cs | 1050 20 Cs | 65.4 < 2.6 0.6
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removal efficiency with washing pretreatment
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Table 8. Metal concentration in waste—solution

Metal ppm

Ca 33.3

Al 13.6
T

K 8.8

Si 7.8

Mn 6.0

Mg 4.8
N2

Na 2.0

Cr 1.9

Ba 1.8

Cu 0.59

Sr 0.37

Zn 0.31

Ce

0.11
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Table 9. Metal concentration in waste—solution after pH adjustment

pH Cs Co Fe Ni

9 18 99.7 98 98.4
10 21 99.9 100 98.6
11 22 99.9 100 98.6
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contamination characteristics of radioactive soil and concrete stored in KAERI radioactive
waste storage. An optimal reagent and an optimal decontamination conditions should be
decided through many experiments.

- Contamination characteristics analysis of TRIGA radioactive soil and concrete

Manufacture of pilot-scale electrochemical flushing equipment

- Manufacture and improvement of suitable electrochemical flushing equipment for contamination
characteristics in pilot size

Decontamination experiments of electrochemical flushing equipment in a pilot scale
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