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Decontamination Performance Assessment for the Plasma Arc

Vitrification pilot plant on the basis of Trial Burn Results(I)
- Decontamination Characteristics for Hazardous Metal,
Radioactive surrogate and Radioactive Tracer in Off-gas
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Abstract - Through the results of off-gas analysis at 3 sampling points in Plasma Arc
Melting vitrification pilot plant, it was evaluated the partitioning of spiked materials in
off-gas and the decontamination characteristic of off-gas treatment system. Spiked
materials are hazardous heavy metals(Pb, Cd, Hg), radioactive surrogate(Co, Cs) and
radioactive materials(*Co, "¥'Cs). Through the Trial burn tests, Decontamination factor
of spiked materials in off-gas treatment system is calculated.
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Fig 1. Vitrification Process Flow Diagram
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Table 1. Input waste Composition(wt%) for Trial Burn Tests

Component Combustible

Non-Comb.

Boric acid Resin

Polyethylene
40.6
Polyester

PVC 15.6

Paper, Cotton,

43.8
Wood

Other steel

Cation resin

9.7

Anion resin

9.7

Concrete

5.3

Filter

20.5

Glass

33.3

Sand, etc.

35.9

Boric acid

5.4

Waster

29.5 15

Concrete

58.9 65.6

Limestone

6.2

Sum(wt%) 100

100 100 100
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Table 2. Feed and Spiked Materials for Phase 1 & Phase 2 Tests

Test Phase Waste Composition arlrggﬁgiﬂ) Spiked Materials®
CoO: 2420g
Phase 1-1 PE: 40.6wt% CsCl: 1735¢
(Combustible) PVC: 15.6wt% 192kg PbO: 500g
Paper, Cotton: 43.8wt% HgCls: 500g
CdO: 500g
CoO: 968¢g
Phase 1-2 Cement: 65.5wt% CsCl: -694g
(Resin) Water: 15.0wt% 600kg(3) PbO: 200g
Resin: 19.4wt% HgClz: 200g
CdO: 200g
Steel: 2.6wt% Co0O: 968g
Phase 1-3 Concrete: 7.7Twt% CsCl: 694g
(Non-comb.) Air filter: 20.5wt% 360kg(4) PbO: 1000g
: Glass: 33.3wt% HgClz' 1000g
Sand, Soil: 35.9wt% CdO: 200g
Combustible: 160kg
Phase 1-4
o Non-Comb.: 200kg 680kg -
(Campaigning) Resin, Boric acid: 320kg
PE: 40.6wi% " .
Phase 2-1 Co—-60: 13.04mCi
. PVC: 15.6wt% 112kg 1o .
(Combustible) Paper, Cotton: 438wto% Cs-137: 9.71mCi
Steel: 2.6wt%
Concrete: 7.7wt% .
Phase 2-2 : . Co-60: 13.13mCi
(Non-Comb.) Air filter: 205wi% 240kg® | (o137 9.56mCi
Sand, Soil: 35.9wt%
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Table 3. Definitions of the parameters used in
Eq. (1) - (8)

Parameter:| Definition
Decontamination factor of melter
DFMi " .
’ system for 'i' metal species
DFe<: Decontamination factor of scrubber
S84 sytem for 'I' metal species
DFse: Decontamination factor of Filtering
FSid system for 'I' metal species
DF | Overall decontamination factor for
overalli | ' metal species
Mg, Quantity of 'i' metal spiked
Mer: Quantity of 'i' metals in off-gas from
st thermal oxidizer during operation.
Mss; Quantity of metals in off-gas from
" cyclone’ during operation.
Mea: Quantity of metals in stack
534 emission during operation.
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Table 4. Decontamination factor achieved from Phase 1 Tests

Test Composition Melter Sys. | Scrubbing Sys. | Filtering Sys. Qverall
Co 2.9E+01 1.9E+01 3.8E+01 2.1E+04

Cs 2.5E+00 1.5E+01 4.3E+02 1.7E+04

Phasel-1 Pb 2.3E+00 4.1E+00 2.2E+01 2.1E+02
Hg 1.2E+00 2.6E+00 1.1E+01 3.4E+01

Cd . 23E+00 8.9E+00 8.3E+00 1L7E+02

Co 1.1E+03 3.4E+00 24E+01 9.1E+04

Cs 6.8E+00 1.8E+01 1.1E+01 1.4E+03

Phasel-2 Pb 1.1IE+01 9.5E+00 1.7E+01 1.7E+03
Hg 1.4E+00 1.7E+01 1.2E+01 2.9E+02

Cd 1.1E+01 1.1E+01 1.1IE+01 1.4E+03

Co 2.7TE+03 1.1E+00 1.6E+02 5.0E+05

Cs 4.2E+00 4.0E+01 55E+01 9.2E+03

Phasel-3 Pb 4.8E+00 2.0E+01 1.3E+02 1.3E+(4
Hg 1.7E+00 1.5E+01 3.3E+00 8.8E+01

Cd 54E+00 1.4E+01 4.5E+02 3.3E+04

Table 5. Partitioning(wt%) of Spiked materials during Phase 1 Tests

Test Spiked material | Melter Sys.(*) | Scrubbing Sys. | Filtering Sys. Emission
Co 96.595 3.22 0.18 0.005

Cs 56.77 38.39 4.26 0.58

Phasel-1 Pb 63.53 32.23 3.73 0.51
Hg 19.37 49.49 28.22 2.92

Cd 60.084 37.29 262 0.006

Co 99.909 0.06 0.03 0.001

Cs 85.38 13.8 0.75 0.07

Phasel-2 | Pb 90.54 8.46 0.94 0.06
Hg 3047 65.36 3.82 0.35

Cd 91.16 8.04 0.73 0.07

Co 99.9658 0.004 0.03 0.0002

Cs 76.19 23.21 0.59 0.01

Phasel-3 Pb 79.112 19.87 1.01 0.008
Hg 41.71 54.52 2.64 1.13

Cd 81.647 17.02 1.33 0.003

* The data of Melter System include the rates from Shredder, Feeder, Pipe Line before Scrubber,
and vitrified glass.
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