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Abstracts — This study evaluated the environmental impacts of a soil washing (SW) process, especially, we com-
pared the on-site and off-site remediation of TPH-contaminated soil using green and sustainable remediation (GSR)
tool. To assess relative contribution of each stage on environmental footprints in the entire soil washing process, we
classified the process into four major stages: site foundation (stage I), excavation (stage II), separation & washing
(stage III), and wastewater treatment (stage IV). In on-site SW process, the relative contribution of CO, emissions and
energy consumption were 87.1% and 80.4%, respectively in stage I, and in off-site SW process, the relative contribution of
CO, emissions and energy consumption were 82.7% and 80.5%, respectively in stage II. In conclusion, the major fac-
tor contributing environmental impact in the SW process were consumable materials including steel and stainless
steel for washing equipment in on-site treatment and fuel consumption for transportation of soil in off-site treatment.

Key words: Environmental Impact, On/off Site Soil Washing, CO, Emissions, Energy Consumption, Green and Sustainable
Remediation (GSR)
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Table 1. The site and system description in this study

Contents Description

Volume of contaminated soil: 5,000 m>

Volume of excavated soil: 5,000 m>x1.25=6,250 m’
Cleanup periods: 3 months

Remediation goal: TPH < 500 mg/kg

Soil texture: silty sand

Porosity: 0.4; soil bulk density: 1.6 kg/L

Treatment capacity: 15 m*/hr

Actual treatment capacity: 12 m>/hr

Operation time: 7 hr/day

Treatment volume of soil/day = 12 m¥hr x 7 hr/day
= 84 m*/day

Treatment volume of soil/month = 84 m*/day x 6
day/week x 4 weeks/month = 2,016 m3/month
Operation duration = 6,250 m® + 2,016 m>=3
months

L. Site status

11. Speciation of soil
washing equipment
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: Stage I (Site foundation)

Treatment capacity: 15m*/hr (12m?/hr)
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Fig. 1. Schematic diagram of entire soil washing process.
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Table 2. The materials and energy used in this study
On-site SW Off-site SW

Stages Materials and energy used

Site preparation (diesel): excavator (120 m?, 30 mx20 m=0.2 m),
paver (300 m®, 30 mx20 mx0.5 m)

Manufacture for washing equipment: SS400:135.3ton,
SUS304:1.8ton

Natural rubber: 0.5ton

Site foundation for washing equipment: concrete: (300 m®)
Transportation for washing equipment (diesel): heavy duty (5 km
140ton)

Transportation for personnel(diesel): vehicle (5 km, 2times)

1. Site foundation

s

Manufacture for washing equipment in off-site treatment plant:
Used time(3months)/Lifetime(60months) = 0.05

SS400: 135.3x0.05=6.765ton, SUS304: 1.8x0.05 = 0.09ton
Natural rubber: 0.5x0.05=0.025ton

Transportation for personnel(diesel): vehicle (5 km, 14times)
Transportation for equipment (diesel): heavy duty (5 km, 20ton)
Excavation and backfill (diesel): excavator & dozer (5,000 m?)

11. Excavation

Transportation for personnel(diesel): vehicle (5 km, 14times)
Transportation for equipment (diesel): heavy duty (5 km, 20ton)
Transportation for excavated soil and clean soil (diesel): heavy duty
(5 km, 10,000ton)

Clean soil for backfill: 6,250 m?

Excavation and backfill (diesel): excavator (5,000 m*)

Loads for transportation (diesel): backhoe (6,250 m?)

Transportation for personnel(diesel): vehicle (5 km, 72times)
Soil input to hopper (diesel): backhoe (6,250 m?)
Operation for washing equipment: electricity: 39,664 kwh

III. Separation
& washing

Transportation for personnel(diesel): vehicle (5 km, 72times)
Soil input to hopper (diesel): backhoe (6,250 m?)
Operation for washing equipment: electricity: 39,664 kwh

IV. Wastewater
treatment

Operation for washing equipment: electricity: 61,236 kwh,
recycled water: 35 m®, PAC: 200 kg

Operation for washing equipment: electricity: 61,236 kwh,
recycled water: 35m°, PAC: 200 kg
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ol kS 93t Y e o] 2-3)o] ofd| AMEEE ARS] 4He
Qg o7 gikElth 2 A7Ay BEbAA Falarg o= AR
A7) AHE QAT S 3 HEEY ] 28of o3t 72
2|7} WA ARgEFR 718 ZA) 710f8l7] whitol], T B3t
ool o] ARgEEe] AR 918k }te] F estriar sk,

3-2. EHEE5I0| 2t CHE AHZRI 7|0is W SAMYSIHEt

A Bk Tl thgt zF & 8 co, WA g oA A}
Gt 1 A)A) 719352 Table 30] VFERAQITE 24 U] 2] Al
o= AHAAE AFstaL ARsh= TR 194 #2730 AR
He A, 238 E 59 Axapgelr washs Y] Co, WiEH
4l U] ARgel 71 FA] 71e1ekla, HAledel gt 15
A2l CO, vllET} oflix] AMgEEe] Z2te] A AlQl 7)ol mi
87.1%3} 80.4%= W =kTE. o) H1] Ul Xeiha]e] Bk
gk golr B4 9 A& 7hss QekE GAds] ek 15
FA 24 gl o] AAEL] ARl tist )7} 7 S Qstthe
A& omlgit},

wpEpa] F2) o} H2] Al9] s ek AHgRe] Heke
T3l 2R AR A EZOIAY AZE A5E ARSEH] Al
AR5 Ask= Zloletal deke).

FA WA Aol LAES F38L Echs TAIQ] 29 lelA
QAT Nt ARSER= X ERC] $3o] CO,MEF W olliA]
ARl 71 FA) 7]103510t). 29 AlelM 9] F CO, vilEE ) o
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Table 3. Environmental footprints and relative contribution (%) in SW process
Environmental footprints (On-site) Stage [ Stage I1 Stage 111 Stage IV Total
GHG emissions (metric tons) (%) 390.44 12.00 18.03 27.63 4.5E+02
87.1 2.7 4.0 6.2 100.0
Total energy used (MMBTU) (%) 5.16E+03 2.03E+02 4.21E+02 6.34E+02 6.4E+03
80.4 32 6.6 9.9 100.0
(Off=site)
GHG emissions (metric tons) (%) 152 290.24 18.03 27.63 3.5E+02
43 82.7 5.1 7.9 100.0
Total energy used (MMBTU) (%) 2.26E+02 5.30E+03 421E+02 6.34E+02 6.6E+03
3.4 80.5 6.4 9.6 100.0
Table 4. Changes of environmental footprints with transportation distance
On-site Off-site Off-site Off-site Off-site Off-site Off-site Off-site
(~5 km) (25 km) (50 km) (100 km) (150 km) (200 km) (250 km)
GHG emissions (tons) 448.1 351.1 361.4 374.3 400.1 4259 451.7 4775
Total energy used (MMBTU) 6413.4 6575.9 6710.6 6879.0 7215.8 7552.6 7889.4 8226.3
R ARgEFe] Al ggell thgt Zhzhe] 7191 82.7%%) 80.5%% 4.4 E

k- 3E9kek ol ) o Aegal el EepilE HRE I 54
U A% 7R e JakE Baeh] Slei 28 FA2 B 2
o greelo] el o|g AAm AHEY) BTt M FQsfths Rk

Tolrl mopgsiiel BYSE 915 B8 2 A 2

| AR o o) Al g e =

2 SJugitt, Fdskedel A #-& 74 Ul(onssite) A9} 74 Hh(off-site)]
upebs] FA] Y ﬂal Ale] A s eke: thAASE A8l 2 FHEste] 7 3ok €] Co, MiER, U] ARes APdet
HAAE 2 *F% F= oAV A EY, FH] 59 o) AE ¢ o 7} 342 AR TS FrRBIelch AFAQ A2 vhet
RIS Hojg #A 27sle] ARASRS Fol= Zlolzta & Edy=y
e, (1) 2 A7l mEd & A{ARSEA(TPH)E 2.9% 5,000
m’ TR 2.5 2@ Alel] FA] vt A 2] wW2o] 4] uf Azt
3-3. 8720 2 skHEst Pk 2lo]l n]af YA CO, BlEFHS A& vhdol| oux] ANk B
Table 4l 2] ¥} A7yl FA 2] wWgle] w& co,Hl & Aoz et
=% 9 UAARERES] WigE JERSIT 5o wE 9 ) 4] 141 2] Aol AFARE AlRbstal Axsks @RI 1
T BrkP| S8l QAR A E ALt v B Wge WA B2l AMEEE A, 2AE 59 AnAAR] AN
FYUS 07 117 oh +5AEE 5kmellA 250 km7kA] Hs} CO, &= 2 oUX] ARE=Fel| 718 FA] 71093F30T). 1A o141 €]
NFE wl, CO, HIEHS 351.1 EollM 477.55 ECF oflUX] ARS- CO, W&} oluA] AMg=Ee- 247} 390.44 £} 5.16E+03 MMBTU
20- 747} 6.6E+03 MMBTUA 8.2E+03 MMBTUZE &7}ttt ollar, MAEAell theh Z7e] 7ol 87.1%%} 80.4%% w5
LA SRS CO, MIERS 2542 1 kmYE 0.52 £0] ok}
S7FIA L oA AR 572 1 kmY 6.74 MMBTUZ} 5 (3) FA 8 A Alelle LYEE S8t Fske WA 2@
7¥eto] A 0% oUR| ARERE] F7t Fol AA| VrERRTE. o= Ao AT 21kl AMEE = HEEZS] 2-80] CO, wiEH U
QAR $AEE CO, HiIEH B} U] ARl gako] ¢ o] ARgEFell 71 A 710138181t} 22kAIelA €] CO, wiE}
T AE gulah, B4 8F A Al 54 9 A4 7ksdk JskE g oA ARG 742 290.24 37} 5.30E+03 MMBTU®IS1AL, A4
A7) Qs 7 %p;& QYT E ] 2807 Q3] ARy 57gel tigt Z47}e] 712 82.7%$} 80.5% STt
= oW ARSREE AR A 0R ekt 2 A ¢ @ FA v Az A =4 9 =& Thss A skE @Al SlEl vt
72 200 kmel|x1 2] 4] ¥F 229} 52 W) A2 <] COo, viEZ©] 2 5% Q4 WX EY] 207 QlE] AREE oA A
247}y 451.7 B3} 448.1 BO 7 AlEE|o] ERAR] Fatelr] & S AAIT e o ke, gk 991A] 2] st Al @9
S78] 200 km7} A ] Agle} 74 vk HEjE sk 7)ol F2) 9} REIF a2 A=)7E 200 km o351 vl H1] 1F 2]g]
= Z07 et wEby @9%-R] 9 Wi g szt 712 200 km 2], 200 km oYY W= A Ul MeEalE 4838k Zlo] Co,
£ 710 R T oldhs A v A, 21 oS FA) Ul AHElE A W& SHolA] 4 gl Xlﬁ 7Vt kel @idel| Agtet w4y
§3h= Aol 37 F IAskE Co, viEZoe] Ao w4 9l 2% 7} shdztolgtar wekech,
sohgste] Aol AEE Zlow ket i oA AR (5) ¥ A= e dFA 9] gk Frs} do|yrt F53kar A
=57 el IAIGlo] FA] 8E A7} 2] W Ze]ef] nlEl ARg-o] TFANT} TRl Agklol =7} LCI DB w|gHd, =4 4
‘Eé% Ao EsiTt 2% 7hset AskE flgh :ﬂl Hrizde] A4 52 sAZF AN
ATH I EA| §9o] -8 Al A gl 2| 753k Hske] &
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