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A Toolbox Approach for the Environmental Site Assessment of
a Chemical Plant in a Coastal Area

Seung-Jin Choi'? and Nam-Chil Woo'*

Department of Earth System Sciences, Yonsei University, Seoul 120-749, Korea
’Mine Reclamation Corporation, Seoul 110-727, Korea

Recently, the branch-out of foreign companies into domestic markets through M&A and the opened followed by
the Free Trade Agreement(FTA) with America have made the environmental site assessments of specific site more
necessary. In this study, through case study of conducting actual environmental site assessment by use of a toolbox
approach at a large scale of chemical plant with various contaminants located in a coastal area, the problems of
guideline of domestic environmental assessment of soil were complemented. And an efficient and economical
assessment was achieved. All six steps such as basic investigation, environmental site history survey, sampling and
analysis, instatlation of monitoring wells and hydrogeological survey, and data interpretation were conducted in this
study. All results of document survey, geological lineament analysis, field geology survey of surrounding area, geo-
physical prospecting of the site, hydraulic conductivity, measurement of groundwater flow rate and direction, sam-
pling and analysis at each step were associated and estimated as an integrated tool box approach. As a consequence
of this study, toolbox approaches were very useful techniques for contamination level and site characterization of
subsurface media. The given conditions to conduct a basic survey for domestic soil environment assessment of site
by use of existing documents, as well as interviews with the owner/manager/user of all adjacent properties and thor-
ough review of all practically reviewable records pertaining to the property and surrounding properties within
"Guideline for Soil Environment Assessment" radii are very poor. As a result, the application of toolbox approach
in the environment site assessment of site is not only more efficient and economical, but also could be very useful
assessment to integrate the soil and groundwater contamination.

Key words : Environmental Site Assessment, Coastal area, Chemical plant, Toolbox approach
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Fig. 2. Sectional map of the study area based on pollution potential of the plant activities and products.
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Table 1. Toolbox approached contents for environmental site assessment in the chemical plant.

Toolbox Items Contents

Analysis of manufacturing process, Facilities lead to soil contamination, Pipe-
line transferring source materials, Existing drilled data & well, Geology,

Aerial photographs, Environmental site history, Periodical data of contam-
Preliminary ination level, Record of environmental accidents, Review of concerning law

Record review

Condition of ground, Pipe lines, Manufacturing facilities, Underground &
aboveground storage tanks, Wastes disposal, Wastewater treatment facilities

Investigation . .
Site reconnaissance

Environmental accidents, Wastes control, Site history, Management of man-
ufacturing & Pipe lines

Interview

Geological
Site Prospecting  survey e
Geophysical survey Elecirical(dipole-dipole) survey, Self potential survey

Surface geological survey near factory site, Structural analysis

Sampling & Soil Sampling & Logging, Analysis of soil(properties & contaminants)
ampling B P T e S A ST - S
Laboratory Analysis E}_roundviaiter Samph.ng & anajys1.s(contam1rTants & hydrochermcaliprf)gemes)
Stream water ampling & analysis (contaminants & general chemistry)

Hydrogeological ~ Monitoring well Installation of Monitoring wells, GPS survey & Altitude leveling

survey & Monitoring Hydrogeological survey Groundwater leveling, Groundwater flow & direction, Slug test

Aerial distribution of contaminants, Property of contaminants, Site charac-

Site Assessment  Assessments L .
teristics of subsurface media
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Fig. 3. Electrical resistivity geophysical survey transect in site A.
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Fig. 4. Electrical resistivity geophysical survey transect in site B.
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12N earfaRe] Qe AR o
A, BRoIN 217k he) EAES ARl &
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Apers AFFAEH7] (Divens AHEsI 12 2b ol diste] £43%irk(Table 3).
Table 2. Number of soil sampling locations and analyzed sample of the study area.
Site A Site B Out of area site A & B Pipeline area Background

Geoprobe(point) 17 22 2 - -

Hand auger (point) - 2 3 8 4

No. of sampling 84 103 9 8 4

No. of anlyzed sample 81 103 9 8 4
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Table 3. Analyzed contaminants of soil.

@
2
3

e

N8R A FaoleEs (pH), A7VAE=EC), *
T 2 233 A9(0RP) T2 @A AEAHF +
ZA] 28l N2sAT) A7ISHED B8 AR
9 ofsh= 0.lum FEAREE (glass fiber filte)S
ol g3t fayel AFe F, A3AE AEE 4°Co|5t
A AR A Frlo)e ¥AE MEE
0.45um B2 HE (membrane filter)E ©]-8-3}o]
g I, ol BAS A% ARs Yol 2 T
BAL 93 ABE Eesled REAE th
Lol BMAEE Zalzggd(polypropylene) A&

Z 4oCottolA WAAEH &
& £ A8E HNO;E o]
HEE JHE)AEEte] EeZ

Location of soil sampling

Analyzed Contaminants

Site A & B

TN, CN,, pH, EC, Cation(Ca, Mg, Na, K), Anion(F, CI, NOy, S0,%), Heavy metals(Cr**, Cd,

Pb, Zn, Cu, Ni), KCl-extracted N(Urea, NO5, NH,"), P, BTEX", TPH', F'

Representative points &
background sample

CEC, Soil texture classification, Total organic carbon, Organophosphorus Compounds, pH,
Cation(Ca, Mg, Na, K), Anion(F, CI', NOs, SO,%), P, T-N, CN", Heavy metals(Ct*, Cd, Pb,
Zn, Cu, Ni, As, Hg), F, PCB, TCE, PCE, Phenol

Table 4. Analyzed contaminants of groundwater and surface water.

Location of Water

Analyzed Contaminants

Sampling
Groundwater in soil pH, EC, P, Cd, Pb, Ni, Cu, Zn, Al, Fe, Mn, Cation(Mg, K), Anio(f, CI', NOj, SO42'),
boring hole Alkalinity

Groundwater in
Monitoring Well

E)I-i EC, P, Cd, Pb, Ni, Cu, Zn,“ Al, Fe, Mn, Cr, As, Hg, Organophosphorus Compounds,
TCE, PCE, 1.1.1 Tri- chloroethane , BTEX, TPH, CN", Phenol, Cation(Mg, Ca, K),
Anion(F, CI, NO5, SO,%), Alkalinity

Surface water

pH, EC, P, Cd, Pb, Ni, Cu, Zn, Al, Fe, Mn, Cation(Mg,K), Anio(F, CI', NOj, S0,

5§16
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Fig. 5. Stream water sampling location.
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233 AgHd] gol BaAs Al #S7ge} A Az L1 AR GOA FAR wge] FA=
e 3YET FHIE 5 )= (Alkalinity) ok 7km7HA] olelA UL, DF ARGl ol AT
5 300 F2L BMsAoH, EPNR AHTAM z= HHAHFig 6). 2 o e BTRL-
Aes A sgE AlEe o] Ho] F8 = 1870 2~L-7y= 9% ¢ 04km~35kmE ¥53 &A o

o of¥

igte] 48 AllsiTh(Table 4). EpbE L-13ke o2 thokdt ] 9adARel o
2212 AEF NEAH 2 B4 3 HpE= S dri(Table 5).
ARG NEE ZARN detaae] ddgsel ¢
3 5 FANE FFE) Jek T RS 3.2, X| 2L Al
& FEE QI Bk FANFNA sFERY I AT AZRIAT AFAGAE 353DPS3,
A2 o atkFg. 5). ATHe Brdro 8 DP4, DP5)E dAIsIutH(Fig. 3).
o) ARy $xsH, FARA A AP = st DP-3 22| A/ RAPEE 3| A= vlwd F)
AL vz A FARR L A, B AARAA 2F A Ve e Ase 9% 398
o] o8t Jeke why gl Z4#)(Raw Water Pondyelr 5% wako= =

He 3ol 295 A8d & 2 g2 ZA vz gon we AsmAYdE
M-S o] Gop AFAR 0)F3HT. © VeERlE olth 77 =3 wEEoe) SirkFig. 8A).
4% A8% 045um membrane filterg ©]-§3k] B3] AlERAM oF 180 mA| 3 (Line DP-3 @), &=
dsigen e 3345 24 9lstd HNOss A MW15 B2o] AR vl 2 A7HA
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g & 77184 FEt AEF BAFER B NZzAW 93 A AZARE HEAS A FA =
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Alkalinity® A28 170 FE-LS A& (Table 4).
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Table 5. Major structural lineaments near the study area.

Lineament Direction of Lineament Continuity Geological Aspects
L-1 NI19E Tkm Fault zone
L-2 N62E 3.5km Boundary of Rock Facies
L-3 N34w 1.6km Boundary of Rock Facies
L-4 N63E 1.6km Fault zone/Boundary of Rock Facies
L-5 NS6E 0.5km Boundary of Rock Facies
L-6 N47E 0.7km Fault zone/Boundary of Rock Facies

L-7 N66E 0.3km Fault zone/Boundary of Rock Facies
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Fig. 12. Existing drilling locations for subsurface geological investigation and new installation of monitoring wells in the
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el B7Ye e AEHA= Bouwer &
Ricewdell o8k Hgke] 9.07x10%cm/s, Hvorslev
Hhof oa] A2 ke W 1.03x10%cmysE YR
ok ATy 2 BP9 feldzwg wlas) BH,
AFo] B 3.12x10%cm/s, Brge] Hat 9.65x10™
cny/s2BA AT BlE] BrYel fEldE=st o
2 Ue HIHTable 6).

3.7. EY Al BY A
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rr.]oln

Table 6. Results of the slug test analyses (Bouwer & Rice Method, 1976; Hvorslev Method, 1951)

K (cm/s)
Site Well No. Ni urr?bé;r of Nethod s Scrgent;nterval
oS Bouwer & Rice Hvorslev ean (depth, m)

MW21 2 8.80E-05 9.80E-05 9.29E-05 6-9
MwW22 2 1.50E-04 1.70E-04 1.60E-04 2.5-6.5
MWwW23 2 1.40E-04 1.70E-04 1.54E-04 4.5-10.5

Site A MW?24 3 1.20E-03 1.30E-03 1.25E-03 7.5-10.5
MW25 3 5.30E-04 6.10E-04 5.69E-04 1.5-4.5
MW26 3 5.50E-04 5.80E-04 5.65E-04 1.5-4.5
Mean* - 2.94E-04 3.30E-04 3.12E-04
MW9 3 1.60E-04 2.60E-04 2.04E-04 6-9
MWO-1 3 6.60E-04 7.00E-04 6.80E-04 3-6
MW10 4 3.00B-03 2.770B-03 2.85E-03 456
MWI1 3 1.00E-03 1.10E-03 1.05E-03 6-9
MWI11i-1 3 7.30E-03 8.40E-03 7.83E-03 3-6
MW12 2 2.80E-05 3.20E-05 2.99E-05 4-7
MW12-1 4 2.40E-03 3.40E-03 2.86E-03 1.5-3
MW13 3 1.10E-04 1.80E-04 1.41E-04 7.5-10.5
MW13-1 3 5.90E-04 5.70E-04 5.80E-04 345
MWI14 3 7.30E-04 7.90E-04 7.59E-04 4.5-7.5
MW14-1 3 2.20E-04 2.80E-04 2.48E-04 1.5-3

Site B MW15 3 1.20E-03 1.20E-03 1.20E-03 345
MW15-1 2 4.30E-04 4.60E-04 4.45E-04 0.5-2
MW16 4 2.20E-02 2.10E-02 2.15B-02 3-6
MW17 3 1.20E-03 1.20E-03 1.20E-03 345
MWwW17-1 3 2.50E-04 3.20E-04 2.83E-04 0-1.5
MW18 3 1.20E-03 1.50E-03 1.34E-03 3-6
MW19 3 6.00E-04 6.90E-04 6.43E-04 4.5-95
MW19-1 3 4.90E-04 5.40E-04 5.14E-04 1.5-3
MW20 3 3.70E-04 3.30E-04 3.49E-04 2.5-55
MWwW27 3 4.80E-03 5.00E-03 4.90E-03 1.5-4.5
MWwW28 4 3 40E-02 3.80E-02 3.59E-02 1.5-3
Mean* - 9.07E-04 1.03E-03 9.65E-04

*geometric mean
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Table 7. Matrix of heavy metal contaminants for groundwater monitoring wells.

Site Well No. cd Pb cr* Zn Ni Al Fe Mn
mw21 @] ] © @& O @
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Fig. 21. Aerial distribution of Pb in groundwater(mg/l).
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Fig. 24. Proposed ‘Environmental Site Assessment (ESA)’ using a toolbox approach: Dotted line box is present procedure

according to the ‘Guideline for Soil Environment Assessment’(MOE, 2001).
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