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ABSTRACT

In this study, we have developed the performance evaluation model for the optimal soil remediation technology selection.
Performance evaluation model is composed in the evaluation of two steps. In the first stage, the candidate technologies are
derived according to the conditions of drilling, type and concentration of pollutants, and the saturated/unsaturated of target
site. In the second stage, each individual candidate technology is evaluated by performance evaluation model. The
performance evaluation model has 5 groups of evaluation items and 12 evaluation items which have their own evaluation
index and their own weights through the AHP approach surveying 40 experts. From the case study of actual design cases,
the applicability of the performance evaluation model was confirmed.
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Fig. 1. Selection process of purification technology (Korea
Environmental Industry & Technology Institute, 2013b).
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Fig. 2. Procedures of performance evaluation.
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Table 1. Stage I evaluation items

& AP AT PSR A 15

Biological treatment

Physical & Chemical treatment Thermal treatment

Remediation technology

I I m1mv v VI VIIVI IX X XI X XIXIV XV XVIXVII XVIII
. Saturation o I e 00 00600 00 [ J
Applicable area )
Unsaturation O 000006000000 00 0 06 o
Trench or In-situ o0 o0 o0 o 00 [
trenchless Ex-situ [ 3N ) [ ] ( 3K ) [ ] (K [ J
Light TPH : Lamp Oil/ Diesel
25,000 mg/kg ( BN DRNGOR AN BN BN BN DEN BN NN DEN INOION BN ENGEN )
Heavy TPH : lubricant / Bunker C Oil
25,000 mg/kg ( BN DRNGOR AN BN BN BN DEN BN NN DEN IOION BN ENGEN )
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é <25,000 mg/kg O 000000 0CO0OC0GCO®E O OCO0O® O O
e Heavy TPH : lubricant/ Bunker C Oil
S <25,000 mg/kg O 0000 00CO0OC0OCO® O OO0 O O
b BTEX : Gasoline O 000006000000 OCO0O0O® O O
e
E Heavy Heavy Metal > 2,500 mg/kg OO0 O0O0CeO0OO0CeOeOOee OO e O
metal Heavy Metal <2,500 mg/kg OO0 0000 0Ce0Oe oOee OO O
Non-biode VOCs (TCE, PCE) OO 0000000 O60CO OO0 O O
gradable SVOCs (PCB, PAHs) O 000000 0O0CO0OGOGCLCOEOEOGO O o
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materials » (JIganophosp
compounds OO0 00000000 0C0Ce o0 © o
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I : Biodegradation, Il : Bioventing, III : Landfarming, IV : Biopile, V : Phytoremediation, VI : Natural Attenuation, VII : Composting, VIII :
Soil Flushing, IX : Soil Vapor Extraction, X : Soil Washing, XI : Solvent Extraction, XII : Chemical Oxidation/Reduction, XIII : Solid-
ification/Stabilization, XIV : Electrokinetic Separation, XV : Thermal Desorption, XVI : Incineration, VXII : Vitrification, XVIII : Pyrolysis
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Table 2. Evaluation Items

Application of evaluation items

Evaluation item group Evaluation item - - - -
Biological Physical & Chemical Thermal
. L Free area for facility installation O O O
Site characteristics . . L.
Installation constraints in site O O O
Mobility of purified factor a b, c a, b, c d d
Soil characteristics Heterotrophic microorganisms O X X
C/N/P ratio O X X
Pollutant concentrations O O O
Pollutant characteristics Ease of treatment pollutants e, f e, f, g h e, i
Chemical structure & Molecular weight X O X
Applicability Ease of maintenance O @) O
(Feasibility) Ease of by-product treatment O O O
Lo Commercialization of technology O O O
Reliability .
Pollutant removal efficiency O O O
% Detailed evaluation items
a : Soil Permeability d : Moisture Content g : Solubility
b : Soil Texture (Fine Soil Particle Content) e : Vapor Pressure h : Ionization
¢ : Temperature f : Lipophilic i : Activation Energy (Ea)
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Table 3. Evaluation index of the performance evaluation items
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Table 4. Class & Standard of Evaluation according to the Evaluation Index

Evaluation Grade Qualitative /

Groupn  Evaluatin Item Evaluation Index .
1st 2nd 3rd Quantitative
» |Free area for facility . . . . . . o
2. . Area Satisfaction Usually satisfaction ~ None-satisfaction Qualitative
% |installation
23 . ..
Z 8 . Constraint condition
v Q
% InstallaFlon' . for facility installa- None Average Many Qualitative
£ |constraints in site .
3] tion
Soil texture Under 30% 30% to 40% More 40% Quantitative
Mobility of purified Soil permeability 10 *cm/sec <K 107< K< 10*cm/sec K < 10 "cm/sec Quantitative
3 factor Temperature 25°C <T<45°C 10°C<T<25°C 10°C>T>45°C Quantitative
_ § Moisture content Under 40% 40% ~ 50% More 50% Quantitative
5 & ; ;
¢ g (Heterotrophic Colony forming /o 1000 CFU/g  Under 1000 CFU/g  None Quantitative
& | microorganisms unit
© |C/N/P ratio 100:10:1~100:10:5  Satisfaction Usually satisfaction =~ None-satisfaction Quantitative
?:;E)Irhty of purified Moisture content Under 30% 30~50% More 50% Quantitative
Pollutant . % .
concentrations Kind of pollutants® A B C Quantitative
Chemical stru(‘:ture & Kind of oil Almost gasoline Almost lamp oil or die- Alm'ost‘bunke':r Coil or Quantitative
Molecular weight sel lubricating oil
Vapor pressure (Ky) Gasoline, VOCs Lamp Oil, Diesel Bunker-C of, Quantitative
por b H ’ p Lubricating oil
v
- S . .. Gasoline, Lamp oil, Bunker-C oil, Lubricat- .
§ % Lipophilic (Kow) Diesel ing oil, SVOCs Heavy metal, VOCs Quantitative
s g Lamp oil, Diesel
& % Ease of treatment Solubility (Ky) Gasoline, VOCs SVOCs Heavy metal Quantitative
pollutants Cadmium, Arsenic,
Ionization (ORP) Fluorine, Nickel Lead, hexavalent Copper, Mercury Quantitative
chrome, Zinc
Activation ener; Gasoline, Lamp oil,
(Ea) &y VOCs, Pesticide Diesel, Bunker-C oil, Heavy Metal Quantitative
Lubricating oil, SVOCs
2 = Ease of maintenance Qualitative standard Easy Normal Difficult Qualitative
g E Ease of by-product
27 YP Qualitative standard Easy Normal Difficult Qualitative
& 0 |treatment
< <
2 |Commercialization ~ Commercialization Man Average Few Qualitative
% of technology of technology Y g
<
= |Pollutant removal  Pollutant removal . . o
Q 0, - 0, 0,
& |efficiency efficiency High (More 90%) Middle (60~90%) Law (Under 60%)  Qualitative
A : Precaution Values ~ Caution Values
B : Caution Values ~ Caution Values x 200%
C :More Caution Values x 200%
% : Light TPH, Heavy TPH, BTEX, Heavy Metal, Pesticides : Organophosphorus Compounds, SVOCs (PCB, PHAs), VOCs (TCE, PCE)
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Table 5. Weights of evaluation item

Biological Physical & Chemical Thermal
Site Free area for facility installation 0.0769 0.0483 0.0497
. . RO 0.1630 0.1389 0.1318
characteristics  Installation constraints in site 0.0861 0.0905 0.0821
) Mobility of purified factor 0.1070 0.2581 0.2379
Soil * Heterotrophic microorganisms 02450 00751 02581 - 0.2379 -
characteristics
C/N/P ratio 0.0629 - -
Pollutant concentrations 0.1417 0.0875 0.1252
Pollutant o of treatment pollutants 02734 01317 02608 00931 02451  0.1199
characteristics
Chemical structure & Molecular weight - 0.0802 -
Applif:alb?lity Ease of maintenance 0.1548 0.0803 0.1628 0.0924 0.1875 0.1039
(Feasibility) ~ Ease of by-product treatment 0.0745 0.0704 0.0837
o Commercialization of technology 0.0730 0.0807 0.0909
Reliability . 0.1638 0.1794 0.1976
Pollutant removal efficiency 0.0908 0.0988 0.1067
1.0000 1.0000 1.0000
Table 6. Input data of case studies
Input data Case study 1 Case study 2
1 Site area m? 40,963 207,644
2 Amount of pollutant m’ 3,065 97,367
3 On-site / Off-site classification On-site On-site
4 Applicable area Unsaturation Unsaturation
5 In-situ/Ex-situ Ex-Situ Ex-Situ
6 Kind of pollutants TPH TPH
7 Soil permeability cm/sec 123 x 107 4.60x 107
8 Soil texture % 41.0 19.0
9 Temperature °C - -
10 Heterotrophic microorganisms CFU 68.8 2,900,000
11 C/N/P ratio 100 : 5.86: 0.58 100 : 0.65 : 0.05
12 Moisture content % 31.2 259
13 Pollutant concentrations mg/kg 10,902 32,713
14 Kind of oil Diesel Diesel
ettt @9, a At ele @R 7 2 54 A3} HAEARE B 41%E YERRTH
& AlE AR TSR] AR AAA Table 601 Hel® PGS & AFellx It s
B Qg @ gloltt. Fhwelo] M8 23} Tabe solA] Bl njsl go] |
WA A Fao wM EgAR, Hlolest, )
3.6, MsE|RY Xg s, BAEY, 297 9 2zbgo] ARH. olo}
3.6.1. Akl 2ol e AskAgey FRaol e i deE7t

Pe7iEd e AeAs sy Hste] 71l A
HAE GEARel oz AErE S35t
AHIE71o) AR89 AsEE 0079 Q AESFAIAIY
< 183 oH, tPr ] We-S soksd thaat At

FHAHZL 40,963 m©|H QIEZS F 3,065 m’ 2
ARSI OS] 29EdL TPHEAX il 24
EE TPH 10,902 mgkeo]™, Qe Hi Sa)d

TE(K)E 1.23 x 107 em/sec2 YERSTE B3 Y= 14
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Avf= EERo] 2.22, ulo]ulAdy 1.89, EHISHY
1.97, BRI 1.91, @22 1.84, 271 0] 1.835C
2 A=Eth. Table 78 EFAZH] gt H71A71e]
olojtt. Table 794 B nfe} o] QjEzlgo| wke} 2+
e Wrheo] AR 33 WP 7R A8
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Table 7. Example of performance evaluation for Landfarming

Sk ey dl st 21

Evaluation grade

Result of evaluation

Groupn Evaluatin item  Evaluation index Input data
Ist 2nd 3rd Grade Score Weight Score
2]
Q -
'Z |Site area Free area for Satisfaction _ oualy None- Usually =) 50,0769 0.1538
2 5 facility installation satisfaction  satisfaction satisfaction
% Inst:a llat1.0 1 con Constrz.u'n t <.:0nd1t10.n None Average Many None 1 3 0.0861 0.2584
S straints in site  for facility installation
i, [Mobility of puri- Soil texture (Fine soil ;40 3000 300 -40%  More 40%  41% 31 01070 0.1070
-2 |fied factor particle content)
172}
= 5 Heterotrophic . . More Under
3 § microorganisms Colony forming unit 1000 CFU/g 1000 CFU/g None 68.8 2 2 0.0751 0.1501
= _satis-
S |C/N/P ratio 100:10:1~100:10:5  Satisfaction ~_ Loualy - Nomesalis- 0 506058 3 1 0.0629 0.0629
satisfaction faction
_ & |Pollutant concen-y Lo oy A B C 10,902 31 0.14170.1417
.2 trations
ERS Gasoline,  Bunker-C oil
= Q . . . ) >
£ 5 Ealsle ;i:reamem D‘Stfgbi“t:ft’“K lamp oil, Lubricating oil, Hea\vlyorgetal’ Diesel 1 3 0131703951
o |porutants coctictent Bow Diesel SVOCs s
E g E:;:e()f mainte- Qualitative standard Easy Normal Difficult Easy 1 3 0.0803 0.2409
52
"&Eﬁ Ease of by-prod- (, itative standard Easy Normal Difficult Easy 1 3 0074502234
< < |uct treatment
= Commercializa- Commercialization of Man Average Few Man | 3 0.0730 02190
% tion of technology technology Y g Y ’ ’
% Pollutant removal Pollutant removal High Middle Law High | 3 0.0908 0.2724
& efficiency efficiency (More 90%)  (60~90%) (Under 60%) (More 90%) ’ ’
Total 1.0000 2.2248
Table 8. Results of case studies
Case study 1 Case study 2
Classification Remediation technology
Candidates Score Candidates Score
1 Biodegradation
2 Bioventing
Biological 3 Landfarming C 2.22
lologica 4 Biopile C 1.89
treatment
5 Phytoremediation
6 Natural attenuation
7 Composting C 1.97 C 2.26
8 Soil flushing
9 Soil vapor extraction
Physical & 10 Soil washing C 1.91 C 2.35
chemical 11 Solvent extraction
treatment 12 Chemical oxidation/Reduction
13 Solidification/Stabilization
14 Electrokinetic separation
15 Thermal desorption C 1.84 C 2.07
Thermal 16 Incineration C 1.83 C 2.06
treatment 17 Vitrification
18 Pyrolysis
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