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Abstract : Environmental impact by proposed pump and treatment remediation of groundwater contaminated with TCE over 0.6
mg/L down to 0.005 mg/L was assessed for 30 years operation in an industrial park. Total amount of groundwater treated was
2.96x10" m’ and the amount of TCE removed was 17.6 kg at most. The life cycle assessment was used to estimate the environ-
mental cost and environmental benefit and their effects on the environment could be analyzed. Most of the environmental cost was
accrued from electricity generation for 30 years pump operation, which includes energy consumption, resources consumption such
as coal, crude oil, emission of global warming gas and acid gas into air, waste water production, and waste generation. Environ-
mental impact could be quantified with a Life Cycle Assessment (LCA) model for soil and groundwater remediation and normalized
based upon consumption and emission quantities per capita in the world. Among the normalized values, acidification material
release was the most significant.
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Fig. 1. TCE concentration distribution in the groundwater Num-
bers in the map mean TCE concentrations in ground-
water, Surface water (river) locates at the end of plume
contour plot, next to GW16, Groundwater flows from

left to right ( e ).
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Fig. 2. Cross-sectional geological diagram of the site from GWA
to GW16, Dotted line shows the water table,
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29 Jlgx a2t Yoz o9 A4 g FAHS
AAet= AS 78k

& Ao & Askpo] o]E% FHE US EPAY
Batch Flush &'™'9| o]s) th-g3} o] A4kt 4= Qrh

Number of Pore Volume = -R In (C/C,) 1)

o]7] A R=A|A Ar4(retardation factor, 1.82), C;= A3} &
3 55(0.005 mg/L), Co=% 5%=(0.6 mg/L)o|t}. o] Zk

Table 1. TCE contaminated area, volume of contaminated groundwater and total amount of TCE in groundwater

Concentration Plume area

Aquifer thickness

Volume of contaminated

groundwater Total TCE

Detected TCE ) 0.03 mg/L 274,000 m?

12m

986,400 m’ 86.40~207 36 kg

CHEHERY S EISIA] | MI332 M62 | 20114 62

, 407



408

KB TEYEEE S
RIEA

ST

S5 9 AxRo didste] 2 EE pore volume?] 4=
tizf 971 Aotk A4t (1) Akl AlEAQ] 24
¥, & DNAPLoJY} X7 TCE 2 Ylo] =323k5 EoFo]
U s el E4eta] sron] Ak Y 8% TCEV}
Aolnot Bof 7 & - afo] w7hHel AE BES e
e sbgstel ARELh hekt AlAde] Agrbsehy
ahe el 297} ek 919] 71gol Heke A gt
I pore volume %< A2 B A% 94 ko] 1A FES
45} BHA(S ugll) Ol5k2 W % 9tk DNAPL o} &
F U 15 2ol EAT A 2AUe] A} 45
ofof gt @A) ko %717H50-1001)2] o Helrt
a7 d A7k F4eks A5k pore volumes AR
SR A S 8 1A £ stoleh BiREe] pump
and treatment 73-9- 0.3~2 pore volume/yearE <=3ttt U
BB O A7k 2 pore volume HUF -2 oFS ok X
sl Aoz Ueha QokE 2470 A9 & 227 A
H 7ol AL Aof 1 pore volume 9] A3}
g %

=
=
o

F

[¢}
- 3
2 oh AEo] FHE Fol AU 4 §3F 338 mdaye]
G AT BE Yol A2 Yo AW 84 4
AASH} He 23
[e]

a AbEatelct
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Table 2. Environmental cost expected at each stage of pump and treatment process

Processes Environmental cost

Secondary process environmental cost

Pumping well Installation

Electricity, drilling ring fuel, bentonite, sand,
cement, PVC pipe, steel pipe

Environmental cost for electricity generation,
PVC pipes, bentonite, and cement

Manifold connection

Electricity, drilling rig fuel, PVC pipe, measuring gauges

Environmental cost for electricity and PVC pipes

Pump installation

Electricity, fuel, connector PVC, steel pipe, gauge, oil

Environmental cost for electricity and PVC pipes

Connection to treatment system

Fuel, cement, steel, PVC pipes, gauge

Environmental cost for electricity and PVC pipes gauge,
granular activated carbon (GAC) towers and GAC production

Operation of pumping and

treatment system landfill, waste water

Electricity, fuel CO,, used GAC and tower,

Environmental cost for electricity and PVC pipes gauge, granular
activated carbon (GAC) towers and GAC regeneration or disposal

Discharge of treated groundwater Residual contaminants

Recharge of treated groundwater Residual contaminants

Sampling and analyses

electricity, glass, plastics, waste water

I Journal of KSEE | Vol.33, No.6| June, 2011
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Fig. 3. System boundary and anticipated environmental cost and
benefit for pump and treatment remediation of TCE con-
taminated groundwater,

Raw Materials
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and Energy Input

Noise and Vibration

Contaminated -

L.-.p Clean Groundwater Discharge
Human health Risk Reduction

Ecological Risk Reduction

Groundwater Inflow

9%t Aol dm AFST A7l WE COel vOoCe) t7]
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Table 4, Total amount of contaminant release into environment

Table 3. Amount of energy and raw material consumption

Energy 4.15x10" MJ
Petroleum product 21 ton
Coal 995 ton
Steel 2.8ton
Coconut 984 kg

(28 ton) Hol F7h2 AHEE YAAolch A7 VA
sleato] AAEaAL AHeHals BEmow ANerdt
=7} LC1I A HE databaseo] A}zof o]t &AJEF 1 ton
Az Al ZHY 984 kg, A& SAJE 579 kgo| A~ FH T
JEg A% ARl agt B/ 31 tono] Al=E 9l
FFY 30.5 ton, AL EAE 18 tono] TR 3FIT}h o] A}
RIOIH AFEE THES [ Aol Fhsaic,

Jet mop, Bx) 5o AFR-S Aujst BAR wefstA) o

2
3R At g R Ao FAHY 24 FHAAe
=
(o]

0GR WL o). o4, 1A 9718 Fo| g

ok el 49 A7) 1 kwh B CO0) HHAY(487.2 g/kwh,
=7} LCI AR 1990 AF&, 2009)70] 9 =7} (548
g/kwh, EDIP Product database)”"ol H]3] A& Ho=zm ¢
A o] ot M Aik43%)o] vl g HES 2|5t
=l 71R1g Ao g AtmEth 7] B edEdEE CO,
7b 71 W2 BEE AL 1 9ol SO, NO,, HCI,
VOC, EZ(particulate material)5-0] tf7] $o2 H=E 3

ouf B2 Follt £& 59| FF%o| TgH| Ytk

=
g R AV it 5 22 FA0MA Hart
Ayt H<=of BOD, COD, SOs, nitrogen, 7+ L& &,

Air pollution Water pollution Solid waste
CO, 2.32x10°% kg Waste water 2.48x10° ton Bulk waste 3.19%x10° kg
S0, 1.78x10% kg BOD 287 kg Ash and slag 8.72x10" kg
NO, 9.91x10% kg COoD 19.5 kg Nuclear waste 1.35x10% kg
VOC 24 kg SO. 455%10° kg Hazardous waste 4.05x10° kg
PM 1.09x10°kg Nitrogen 49kg
SS 32.7 kg
Heavy metals 532 kg

CHakEr Zsts|x| | M333 6320114 62 |
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Table 5, Characterization factors for environmental effect

Category Unit of indicator

Unit characterization factor

Characterization factor Gi for inventory data

Energy Consumption (EC) Tonnes of oil equivalent,

(TOE)*
Global warming potential (GWP) COs eq.
Acidification potential (AP) SOs eq.
Terrestrial eutrophication potential (TEP) PO, eq
Aqueous eutrophication potential (AEP) PO, eq
Photochemical ozone formation
CoHs eq.

potential (POCP)

Brown coal 0,0409, hard coal 0,1836,

TOB/ton natural gas 05212

kg CO2/kg CHa 23, N20O 296, CF4 5700
NOy 0.70, HCI 0.88, HF 1,60,

kg SOz/kg HoS 1.88, NHs 1.88

kg POs /kg NHs 0.35, NOy as NO, 0,13
P NH," 0.327, NOs 0,095, N-comp 0,42,

kg PO« "/kg P-comp 3.06, COD 0.022
kg CoHa/kg CoHs 0,189, formaldehyde 0 421,

CH,4 0.007, NMVOC 0.416, VOC 0,377

dTOE =42 GJ =42x10*MJ

Tuseel 2E A EdH He A 32 2
Hx

AollA A 2] st .

423 x| H7|2

A 97|22 A wAsclA Bass Asdel 4
A AE A SR Ae] ), AR THLAN ek
s 29 w71E, 12ln g5t BAA wAsh Hx)
A, el e, et w78 So] A Hr|Ew Wi

sict
ek,
WEEL of BAL WA A Yu] 1E

@ BAO| Yol g W FE(AA €O 80%, S0,

A4 213K CO, equivalent), A H|(SO, equivalent), 3335}
st @& A (CoHy equivalent) 12|37 FJFSHNO; equi-
valent)©] 47} &5 AFESHICh A|GH-2dS} A= uf
EE= CO,, CHy, N;O 52 CO, AHJH|S] f3lo] ==
SO,, HCl 52 SO,, F3}sH4] o& 44, R9Y3} ed=
9o F2 47 CHy, NO; #o=2 3Hist ¢ ck(Table 5). 3+

HE3Hnormalization)= PAA L] 7 HAAA
TR e b2 7|02 slal(Table 6), A9
A= AAA QG wiEste ATl 2%t

7|&L g sto] 4hEsGItH(Table 7). o | A] 4
000 7]Eo® A4 A QlfFol ofsf 4
ol A 4xmR] 9] 404ufo]¢lem A 243}t 7}
1 1909 &<k viEst= ol g =3l 53]
9] F52 1¢lo] 4350 Fot wiEst= ol
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Table 6, Normalization factors (average value for world popula-
tion in year 2000)

Energy 2.447 TOE/year/capita
GHG 13,167 kg COz/year/capita
Acid gas 5.7 kg SOy/year/capita

Photochemical ozone formation gas 56 kg CoHa/year/capita

Nutrient salts release for eutrophication 7.8 kg PO, /year/capita

Table 7. Environmental effect estimation

Total amount/

Environmental Effects Unit a;%tilm normalization factor
(year - capita)
Energy consumption TOE  9.88x10 404
GHG emission kg COzeq. 2.51x10° 190
Acid gas emission kg SO.eq 2.48x10° 4350
Photocherical ozone o 11 o0 2 10x 107 375
formation gas emission

Nutrient salt release for kg POS®  130%10° 167

eutrophication

m’, 30d A7|7F 2.96x107 m’e] A3HE Asi5E IS 4
uth = E A7 FH Qs AAE TCEY 2|tz
17.6 kg2 Ao A FAME TCE &3F9] 8.5~20.7%°] 3f
FEE= dolth A= LFdE ASA o7 S84

g 842 ARGSHA gFa 9lom 958 AREStd A
7Hgole 29 YAATE AeE AAHE AlFste] A &
TR AL Folth 3 Y ofe] T = A AsteE
GFroto] ARE FolER AR AAHolA Aot 2F ¢
gk QAo WA= A% Helles A4etA] gt ddst
Ak A Y= dae w2 # Hele AEE &

7t w9~ B3t ol o]follA &F Aot 3o

o 7H, AEHEY F2 B2 YA WAL 93
B B F7ke ATsof & Agrelth,

S Moty EIt HE2l etAlIH

A =7} LCI databaseo] =] LCI AH27} 22 E11 gl
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