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ABSTRACT

The programmable logic array to match the treatment technology to the soil contaminated site based on the site properties
in Korea was developed. Based on the previous technology screening system of FRTR (Federal Remediation Technology
Roundtable) in USA, total 9 evaluation factors indicating the site characteristics were used for the technology matching
process and 8 factors among them were quantitatively weighed in the order of importance. The class interval for each
evaluation factor was linearly distributed to give the weighed score and 8 scores were summed up to prioritize the
treatment technology. The optimal treatment technology for a specific site was determined according to the total score
acquired from 8 evaluation factors used in this technology matching process. The reliability test for the developed
technology matching system was done by using information of two real cleanup sites in Korea, suggesting that this
guideline will be available to determine the most effective treatment technology to cleanup the soil contaminated site and
also to assist the government or the company to design a successful and cost-effective site cleanup plan in Korea.
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Table 1. Data base format of the soil contaminated sites in Korea for the guideline to match the treatment technology

Treatment Contaminated
Site No.  Contaminant location soil volume
On/Off-site  In/Ex-situ (m?)
1 TPH, BTEX Off ex 3,782
2 TPH, BTEX, Ooff ex 94,926
3 TPH On ex 12,173
4 Ni, Zn, Pb On ex 6,418
! ! ) J )
1313 TPH, Cd, F Off ex 26,794

Maximum Cleanup
concentration goal
(mg/kg) (type)

5,700 3
2,952 1
2,780 1
87 1
l l
3,170, 65 1

Cleanup
time
(month)
24
19
19
14

14

Cleanup
cost
(won/m?)
300,000
350,000
870,000
700,000

870,000,
600,000

Table 2. The present state of the full scale cleanup project based on the contaminant type applied in Korea (from 1995)

Treatment technology

Applied project number (%)

Fuel oil Heavy metals Fuel oil + heavy metals
Biodegradation 80(6.7) 0(0) 0(0)
Bioventing 155(12.9) 0(0) 0(0)
Soil landfarming 747(62.1) 0(0) 29(55.8)
Biopile 10(0.8) 0(0) 0(0)
Phytoremediaiton 0(0) 6(12.5) 2(3.8)
Composting 2(0.2) 0(0) 0(0)
Soil flushing 90(7.5) 3(6.3) 0(0)
Soil vapor extraction 251(20.9) 0(0) 0(0)
Soil washing 72(6.0) 29(60.4) 32(61.5)
Solvent extraction 0(0) 0(0) 0(0)
Chemical cxidation/reduction 236(19.6) 2(4.2) 14(26.9)
Electokinetic separation 1(0.1) 8(16.7) 5(9.6)
Thermal desorption 37(33.1) 2(4.2) 3(5.8)
Incineration 0(0) 0(0) 0(0)
Vitrification 0(0) 12.1) 1(1.9)
Pyrolysis 0(0) 0(0) 0(0)
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Semi- or non VOCs

| Acetone, Ethanol, TCE, PCE, other volatile solvents |

’, VOCs

- — Contaminant

type -‘ Gasoline(BTEX), Kerosene, Diesel, Lubricants L

PCP, DDT, BHC, DDD, Pesticides etc.

Heavy metals

Pb, Cr, Cd, Hg, As etc.

Site Contamination properties

characteristics | Concentration, Depth, Soil volume etc.

©

Treatment
“*| technology
matching [*

Biological

¥ Physico-chemical

I
:
1
- —iﬂ_
6 Inorganic compounds, Radioactive elements etc,
i
I
I
1
1
1
]
I
[
1
I
I
i

Biological

Soil texture, Permeability, Clay contents, Temperature,
CEC, pH etc.

Biodegradation, Bioventing, Phytoremediation

Electrokineic separation, Soil flushing, Soil vapor
extraction, Chemical oxidation/reduction

Vitrification ]

Biopile, Composting, Soil landfarming

& Soil flushing, Soil washing, Solvent extraction
( 4| : Incineration, Thermal desorption, Pyrolysis
o
Other | tfll::r::l]; Development | | Cleanup
factors it status goal

Fig. 1. Process to determine the evaluation factors used in the treatment technology matching.
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Table 3. Evaluation factors and their weight score used in the treatment technology matching

Treatment technology FRTR factor =~ Weight score

Evaluation category Evaluation factor

matching stage (Yes or No) (total 100 point)
1% step Contaminant @ }:We, cont‘am n ant type Yes 0
Yes’” or ‘No
2" step Treatment location @ On (In/ex-situ) or Off site Yes 10
i i No
3 step Pollution characteristic ® Cont.ammated soil vo.lume
@ Maximum concentration No
4™ step Soil property ® Soil texture, pH, Water contents etc. No 10
Yes 25
5" step Treatment operation process © Cleanup C.OSt
@ Cleanup time Yes 25
icabili Yes 10
6" step Other environmental parameter Applicability
© Cleanup goal No 10
the Media and Perform Site
Contaminants bee Characterization

Use Reference1 for Discussion
of Contaminants within a Media

Use Reference2
Technology . s Groundwater for Screening
Group been Media of the Media of Air Treatment

Concern?

Concern?

Chosen? Technologies

<< Bulusalog ABojouyoa) << S4/4 ay) Buidoog <

Use Reference2 Use Reference2 for
: Use Reference2 .
JOF SETAninG for Screening Soil SEIRTing
Technologies Technol ?es Groundwater
within a Group °9 Technologies
m =z \L' & | J’ \b I
& Use Reference3 to Use Reference3 to Use Referenced to [
& Know More about Know More about Know More about ';'&1:‘:’:::;:3
o Specific Soil Technologies GW Technologies Ai 2 G
=1 5 r Technologies
& Technologies
> y y J l
5| @
3 Use Referenced Use Referenced Use Referenced
] Identified within a Identified within a Identified within a Use Referenceé
& Profile Profile Profile

NV

Fig. 2. Guideline logic for the FRTR treatment technology matching system (modified from FRTR, 2016).
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'

Screening based on the contaminant type (Yes or No)

!

2nd cte p 2" screening based on the treatment location (10 points)

Score weighting for technology based on pollution
characteristic (10 points)

=
]
a2
=
]
3
—
-
@
o
=
=
o
o
Q
<
=
-
o
=
5
@
o
o
o
o
(]
]
7]

» 4th st Score weighting for the technology based on soil
2 step property (10 points)
z
[ -]
=3 Sth ste Score weighting for the technology bas'ed on cleanup time
% P and cleanup cost (50 points)
"
n%. 6th ste Score weighting for the technology bafed on applicability
o P and cleanup goal (20 points)
s
=}
é Final score to match the
optimal technology

Fig. 3. Guideline logic for the treatment technology matching system developed in this study.
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o2 Yepstth =u] AsrlEell 28EA] AY, AR
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Table 4. The selected treatment technology based on the treatment location and contaminant type and the criteria to weigh score for each

class interval (1% and 2™ step)

Contaminant Fl}r()ef;?;:rrllt Treatment technology Aprﬂ;rel(;eilte Score  Criteria to weigh score for each class interval
Biodegradati 21 i —mini
10 egr? ation Class in,[ervalz[maxlmun(101) mlmmum(l)} =10
Bioventing 4 10
Soil landfarmin, 101 10 Class interval  Score  Class interval ~ Score
2
Biopile 2 1 1~11 1 51~61 6
On site  Soil flushing 16 2 11~21 2 61~71 7
Soil vapor extraction 52 6 21~31 3 71~81 8
Soil washing 14 2 31~41 4 81~91 9
Chemical oxidation/reduction 62 7 41~51 5 91~101 10
Thermal desorption 1 1
Fuel oil i ; . o
uel o1 Biodegradation 3 1 Class il,ltewal:[mammun(3761)0 mmlmum(l)} 375
Soil landfarming 376 10 Class interval ~ Score  Class interval ~ Score
. . . 1~38.5 1 188.5~226 6
Off site Soil vapor extraction 1
38.5~76 2 226~263.5 7
Chemical oxidation/reduction 4 1 76~113.5 3 263.5~301 8
113.5~151 4 301~338.5 9
Thermal desorption 8 1 151~188.5 5 338.5~376 10
[maximun(S)—minimum(l)}
Phytoremediation 4 5 10
Class interval ~ Score  Class interval ~ Score
Soil washing 8 10 1-1.7 1 4552 6
On site 1724 2 52-59 7
Chemical oxidation/reduction 1 1 e il
2.4~3.1 3 5.9~6.6 8
Electrokinetic separation 1 1 3.1~3.8 4 6.6~7.3 9
3.8~4.5 5 7.3~8 10
Heavy metal . maximun(8)—minimum(1)
Cl terval= =0.7
Soil flushing 1 1 ass interval=[ 10 ]
Class interval ~ Score  Class interval ~ Score
1~1.7 1 4.5~52 6
Off site Soil washing 8 10
1.7~24 2 52~59 7
2.4~3.1 3 5.9~6.6 8
Electrokinetic separation 3 3 3.1~3.8 4 6.6~7.3 9
3.8~4.5 5 7.3~8 10
257} w9 Zo] DB £40] HA] 82 A HsprlE Aom, 73+ AL 3t Al DBEA % A ¢
EHIshY, &A=, FEshd, A7, gesii)e] 4 EG A Tlol=ekls xSt duzo=z A
9, F0) AREFS 48] FF DB7F BuE  BeAe A xiow B ) MRl 5 4

W A8 WE ARFEE Bl TR A}

S

.

32. QR e AHsPre AE(57)
AplEs A¥sh] g8l Aveds e +
TaE5e Ay 417 AR AY s E U
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AE 29FEEE TPH 25,000 mgkg, 555 2,500 mg/
kg ©]&lo]EE2(KOSSGE, 2014), °o]& Z7Igto = 3jod
= 5,000 mgkg PIRE 5,000~25,000 mg/kg, 25,000~
50,000 mg/kg, 50,000 mgkg ©1d, TEES 500 mg/ke,
500~2,500 mg/kg, 2,500~5,000 mg/kg, 5,000 mgkg ©1
o2 FF3ler, =53t DB AFZHH T Hl
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4.4. e3P0 EX I X|LSY HIRIX}t HE ¢
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S 13137 gspate 24 2, Sl 288 st
7l BN, B, stekaiisiekd el 1E

o] Ik AP ErFsst Aoz Ve, EY A
HHEEA] QIZR= FRTRY 345 Q0 AEY Ashiy 7lo]
zERRlel] AAIE AAES 183139t FRTR 7ol o}
2} Al A=A, &8 - slsidA e, E448)
2 1F3 Y Asrle A& Al ol ske EY
E00AF & QIxke] AAgHLE MEsIsISith AESH
A A, IE A2y 3 e B
(%), EYeE, 94T 75, ETHEE 55 E
FERIARE Ao, Al st QAo A
AW A ngE Sexdd wet F4E HojslE, 3
o geeslsle] 1(#A), 5EX, 108 @M)eE 3
Falelant. £ - shA S ARSI
= 2 2%, Jg 22 AES| JAETE pH, v
AESHE, 9559, dolewslsd(CEC)H 2 EY
9] 38ha BEAJdl 24 9 EYEAIAN] H5E
AalA sflom, SRS A 4] FY Al
& 7R, JERE, TR Sl 28-S FH9ske
8 MA=E FgIEE o5 EYEAAIANE AHsa 4
AHAE T 3 TuERlA 1, 5, 10802 A3t
SIHTHKEITI, 2015). 9] HHo=zRE 574 s ¥
A7} e EY 9 FAE we Fsrle 2830
et GRS A = e, dF B0 71E L
2ol Azl A F7E 2 EEe] dor 1, 264
oA e AHslrieo] AETATTH, EPAEHY
o), B2 EJEAAAR IHEFATFEK> 101, E
Z(7°CyF ANERS B, A E WrHRg= =S
AEZTHE 7.54, BEAgHEL 10302 Fojgn) 949}
2o] 94 FAd| A3}t Faprles Agsh] At 4
Al A EF g FA5A QIARgre] HaskAwh, =y A
3Pt SR A7 2 ASHuAdME SF Ao B
g BAEAHo] AR 7IA=A] ot FF F FA] A3t
Al BYE ES E FAEA QA ghel tigt ARE ofF

AN

SHEF A Iei A7t 9

How WS § F BT 5 UwS ke o)
e sz Yehkie.

4.5. Mspy|=of ol Malu|E8n M|zt WIIRIX HE
(5THAD

4.5.1. AslrlemiAol] A8 H71QIA; 2-8-(25%)

Z 1313709] Fsrle & AHsHlgo] 7|AEa @l
<o] Z8F 743709 thst AHsprleH=E HE-S 4
sler, QAEY Fshle-2 HsEdARE HVE A
7 AHE F A3l Fdnlgo] xgE vlgolnt. It
W JEZRE it QEEY A g E¥E
A% At 1m® F 100~100,00090] 3057108 A
41.05%= 2B H, 1m® % 100,000~500,0008°]
310741 72%) 0.2 ) EXed A3t Al 1m® @
500,000 ool AH3n|go] =" oF JAV}
82.77%= RSttt =] Ak F s8] £7]
2] A Al S @R AslE a7EA (el
oud, Euls), &7, dE3l)= FRTRO 3t7]¥ DBE
&8319 0, FRTRAIXY 7|8 HgsiH]8-2 2006
el e AshHlg AxYoly ZZ 13 (RACER,
Remedial Action Cost Engineering and Requirements)
< 53 AEsien, (Ed/md) 9RE 3 53l &
2] S8l 1921=1,1008. 02 ARFSISITHERTR, 2016).
7le oAt 8Tske Ashhlgl wet Firles A
A & A=E, FepledzE HsH|E-S A5eiae
o], A3} Wi gA AEE Aspled Hit vlegk
oA A vlEFS W 1008 FZHE vro] gk
2 2584 HFE FoJslo] 4 25%0] HEF st
o, A3r|Ed Ha vegEn Fe BeS 7)E 8
27t AAE 73S 0ol =W, Bt vlEgks 2ske
HIE-S 7l 82 ANE 79 HHI 2550] H=E
= 3199t 9ol 2o o H3reE Ashled ut
E 7EAIE Foeke B, Vs meAke Y o F
A& Aslslr] S8l A dAE gaulgo] st Hsh)
&S - 4 ok

4.5.2. 3prlemi Aol A3kt H7RIAF A-8-(25%)

13137 Al 5 gzl 7|AEa Gdr)so]
289 6921 disf Bl E H8-S WA A,
1~e7ld W Asprt eks9 A7 30571(44.08%), 6~12
Mol 1607(23.12%), 12~24710] 16771(24.13%)0F
T LAEYF A3t Al 19 ol B3lE ¢hEske Al
A 67.2%= UERSTE o]AS Sl LAEY A=
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shic AR RAlE PR 94 o} e B5e.sH)
2 Holsigla, 5 DR7} e Hgace] mE A)
Hrake el JKeniel ALg TPsehES st

4.6. sV |=0i&0] 2 F g4 "WIIRIXt HEZ(6THA)
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Table 5. Information of contaminated sites for the reliability test of the treatment technology matching system

Treatment location Contaminated ~ Maximum Soil Cleanup Cleanup Cleanup
Contaminant On/Off- In/Ex- soil volume concentration roperty goal time cost
st situ (m’) (mg/ke) prop (type)  (month) (won/m’)
Asite  TPH Off  Exsitu 3782 20767 ~ Inwinsic permeability of 27 150,000
2.37x 10
pH of 6.1;
B sitc TPH,BTEX, On Insiu 18376 200> of TPH; ~ GWT of 13 m; 3 8 300,000

144 of BTEX Hydraulic conductivity of

456 %107

Table 6. Scores of the evaluation factors for selected treatment technologies from the treatment technology matching for the two

contaminated sites

Contaminated =~ Maximum Cleanup Cleanup . Cleanup .
Treatment Treatment . . . Applica- Final
technology Jocation soil vo}lume concentration property cost . time bility oal Score
() (mg/kg) (won/m’) _(month) (type)

Soil landfarming 10 5 5 10 25 10 10 10 85

Biopile 1 1 1 10 25 2.5 1 1 42.5

A site Composting 1 1 1 10 25 25 1 1 42.5
Soil washing 1 1 1 10 25 7.5 2 5 52.5
Thermal desorption 1 1 1 1 25 2.5 1 3 355
Incineration 1 1 1 1 25 2.5 1 1 335
Biodegradation 2 1 1 10 20 22.5 1 1 58.5
Bioventing 1 1 1 10 2.5 5 2 1 23.5

B site Phytoremediation 1 1 1 10 2.5 7.5 1 1 25
Soil flushing 2 1 1 10 25 7.5 1 1 48.5

Soil vapor extraction 6 1 1 5 7.5 25 4 2 51.5

FTA HFEQHA T 108y AFEleH, H4= Table
6ol YERHATE. 394 29 5434 wE 287= A
3} Fgoxde A FA9F B FA9] BF- LHESY H
tl TPH =< ZZ} 20,767 mg/kg, 23,595 mg/keo|H,
edE=Re Z}7} 12,173 m’, 18376 mO.E, FrIIAbE
5w TRl WE 7R A9 AR ETH AT E
LAERF AL 242 Hd] 53)(Table 6).

4 B 9 AREA & A87)E dast 38
Ax o FA BA ARREHEH JE FoApt Jd9d
T Us WRIAE A FAY A9 BEREH 491 A4,
IFFESTAG(2.37x107), B $412] 79 B pH(6.1),
IFFEFAG(4.56x107%), Z[891(1.3 m) SO|BE=E o5
< 3 RIAME H47E A EATHE 1038). 3
IS 2 Azt ARkl WE A87)e At s
A A FAY ¢ AARTA 7|lE At g
FA APIkE 27N EE 718e o= yERd, ol
w2t H7RIA HFE A on, B #A19] B¢ 7
TPt 2714 YRR AMNE WE-S e s Hrt
oA} HFE AHEITHE 254). F3lE Qlxgke] A

- A FA¢ B A0l st Hst AR 1 m?
2 22t 150,00092 300,000 02 AAE Hl-E-S 28
SIATHE 257). A 6] 71E e 2 AHEER
Ao W2 Agsl M 7E F8st Fxol| oet
AdE Gsplee] M-S PR @ 108), A F
¢} B BA9] Aalage 1Ay 33902 Yeht o]
o 2Ast] Bsls HFE ASIATHE 108]). A 7
Z|e} B #A AslE 98] A" Hapriesd v 3
71U 59} HE W7} A4 Table 60 VERNSIT
£ A1EmA logics o83l A FAdl tigk Aspr)
=& A8 Ay, B0l HE H7RAES) 858HC
2 A ApleR A=A, BRI (52.5%),
Hlo] Q9 (42.54) o2 UETE A FA= A4 &
ox] EEZPHOE Alst Ao = Ve # g3
< Ayl AT B ¥419] A9 Faprievil
A7 AFE s le FolM BESHRHO] A7t
585802 TP =& HTE g53i AR vle=E
AAERN oW, EYSTIFER(51.54), B 48.54)
o2 YelTE A Ex)ok= b2 Al 71 Asrle]
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