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The Characteristics of Shallow Groundwater in Petroleum Contaminated Site
and the Assessment of Efficiency of Biopile by Off-gas Analysis

Chang-hwan Cho'* - Ki-june Sung?
!Environmental Site Assessment & Remediation Team, Environ. Management Corp.
’Department of Ecological Engineering, Pukyong National University

ABSTRACT

The objectives of this study were to identify the characteristics of shallow groundwater from the oil-contaminated site for a
long period and to evaluate the applicability of biopile technology to treat the soil excavated from it. The eight monitoring
wells were installed in the contaminated site and pH, Electrical Conductivity (EC), Dissolved Oxygen (DO), Oxidation
Reduction Potential (ORP), Temperature and the concentrations of major ions and pollutants were measured. The VOCs in
soil gas were monitored during biopile operation and TPH concentration was analyzed at the termination of the
experiment. The pH was 6.62 considered subacid and EC was 886.19 pS/cm. DO was measured to be 2.06 mg/L showing
the similar characteristic of deep groundwater. ORP was 119.02 mV indicating oxidation state. The temperature of
groundwater was measured to be 16.97°C. The piper diagram showed that groundwater was classified as Ca-HCOj; type
considered deep groundwater. The ground water concentration for TPH, Benzene, Toluene, Xylene of the first round was
slightly higher than that of the second round. The concentration of carbon dioxide of soil gas was increased to 1.3% and
the concentration of VOCs was completely eliminated after the 40 days. The TPH concentration showed 98% remediation

efficiency after the 90 days biopile operation.

Key words : Shallow groundwater, Oil-contaminated site, Biopile, VOCs, Soil gas
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Table 1. The physical characteristics of soil collected from the site

Cumulative Size Distribution (%)

Po(rozs)lty Density No.4 No.10 No.40 No.200 2 um

(4.76 mm) (2.0 mm) (0.42 mm) (0.074 mm)
Depth 1 (0~1m) 46.2 2.65 100 94.7 70.6 514 145
Depth 2 (1~2 m) 472 2.70 94.5 86.8 61.8 37.5 13.0
Depth 3 (2~3 m) 40.4 2.67 93.3 84.0 50.5 269 11.0
Average 44.6 267 95.9 88.5 61.0 38.6 12.8

Table 2. The monitoring wells installed for this study

Monitoring Well Well casing (m) Well screen (m)

Well depth (m) Inside diameter (cm) Relative altitude (m)

M1 2.1 6.0 8.1 5.08 330
M2 15 6.0 75 5.08 2.98
M3 24 9.0 114 5.08 2.60
M4 35 6.0 9.5 5.08 3.10
M5 9.0 6.0 15.0 5.08 0.00
M6 32 6.0 9.20 5.08 326
M7 3.0 6.0 9.0 5.08 6.63
M8 3.0 6.0 9.0 5.08 2.70
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Fig. 3. The Pictures of the biopile constructed.
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Table 3. The results of measurements for pH, EC, DO, ORP, Temp. of shallow groundwater

Monitoring Well pH EC (uS/cm) DO (mg/L) ORP (mV) Temp (°C)
Ist 6.3 816 1.20 121.2 17.5
M 2nd 6.5 827 2.25 127.7 17.7
M Ist 6.8 1,297 222 54.5 17.1
2nd 6.7 1,045 1.90 80.7 16.7
Ist 6.7 819 2.12 455 172
M3 2nd 6.8 683 1.74 122.3 17.4
M4 Ist 6.8 1,146 2.97 224.7 16.8
2nd 6.7 906 1.29 83.9 17.3
M5 Ist 6.4 942 3.03 120.1 16.9
2nd 6.3 940 3.68 206.9 16.3
M6 Ist 6.6 661 1.88 190.1 17.0
2nd 6.5 785 1.85 165.2 16.6
M7 Ist 6.7 763 1.64 43.6 17.1
2nd 6.8 701 2.73 84.1 15.8
Ist 6.6 931 1.92 125.1 16.5
M8 2nd 6.7 917 0.61 108.7 17.6
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Table 4. The results of major ions in shallow groundwater (unit : mg/L)

Monitoring Well Ca** Mg Na* K* Ccr SO NO;~ HCO;”
Mi Ist 95.47 21.09 69.00 4.58 105.26 4.72 0.03 319.94
2nd 88.39 19.27 60.19 3.79 72.13 0.74 1.68 255.74
M2 1st 145.18 36.89 89.63 16.96 111.84 1.87 0.01 604.37
2nd 113.46 28.40 70.23 11.65 84.17 0.53 1.73 442.76
M3 1st 90.78 17.71 57.64 6.84 63.14 1.95 ND 329.27
2nd 83.14 16.46 47.06 6.37 39.52 2.53 1.68 308.36
M4 Ist 96.92 20.62 106.7 4.86 272.00 45.50 0.10 286.87
2nd 98.78 24.13 62.84 2.83 99.11 9.07 1.99 319.72
M5 1st 84.23 20.43 63.15 4.27 216.51 7.37 0.01 228.16
2nd 86.47 21.46 67.16 2.92 164.44 5.12 4.63 221.37
M6 1st 51.13 13.35 71.03 5.83 98.27 2.60 0.05 237.56
2nd 4543 12.93 116.97 3.19 65.63 1.83 1.66 241.31
M7 Ist 76.59 16.59 58.18 8.95 75.59 8.22 ND 326.89
2nd 80.26 17.99 50.55 4.92 48.61 3.17 ND 305.55
1st 82.12 20.02 72.60 4.20 145.90 1.40 0.99 345.74
M8 2nd 92.63 24.50 70.40 4.19 94.98 0.93 ND 319.83

ND : Not Detected
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Table 5. The results of contaminants in shallow groundwater (unit : mg/L)
Monitoring Well TPH Benzene Toluene Ethylbenzene Xylene
Mi Ist 380.106 0.176 0.004 1.261 1.004
2nd 5.714 0.030 0.008 0.024 0.091
M2 Ist 716.771 0.040 0.019 0.152 1.070
2nd NA 0.011 0.005 0.022 0.394
Ist 5.355 ND ND ND ND
M3 2nd ND ND ND ND ND
M4 Ist 0.312 0.002 ND ND ND
2nd 1.196 0.004 0.001 ND 0.003
Ist ND ND ND ND ND
M> 2nd ND ND ND ND ND
M6 Ist 27.163 ND ND ND 0.001
2nd 47.689 ND ND ND 0.003
Ist 8.507 ND ND ND ND
M7 2nd 8.240 ND ND ND ND
Ist 8.290 0.002 ND ND ND
M8 2nd 26.985 0.003 ND ND ND

ND : Not Detected
NA : Not Available (for Free Product)

Water quality criteria for TPH, Benzene, Toluene, Ethylbenzene, Xylene, is 1.5 mg/L, 0.015 mg/L, 1 mg/L, 0.45 mg/L, 0.75 mg/L respec-

tively.
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Fig. 5. The concentration CO, and VOCs in soil gas from pile
stock.

33. EQUIA

Bkl 2art A8 v 5714 nlAEe] s f12
PEZL COoot B2 EaEd wehd f7]19E-0)
Z7IAeE BaE e AYGoe A T A
3lal CO, =7t T/ Fdt. B Ao HE nlo]e
Y oFF & 40Y7HA] olislekA: sETt HAH R &
7¥ske] Al 1.3%7H2] S7FEA

oF2 & %7] VOCs E5E 34.0 ppmvor}, 79 &
olE e 10.7 ppmvE ZAEHAN0H, 409 JollE HE

J. Soil & Groundwater Env. Vol. 18(2), p. 36~44, 2013

3000

=1 Depth 1 (- 1m)

2500 Depth 2 (- 2m)

2000

1500

1000

Conc. of TPH in soil (mg/kg)

500

: . da
1 3
Time (months)

Fig. 6. The variation TPH concentrations in soil of pile stock.

A Atk HAAAAN BT B FES
Heggho 24 o EALe] FY|FIo] FTete] &8
F71A18HE| A o] o)Fo] How, mAlE B YA T
o o3t mAlE EA STkl wEt SHEEA] ARt
o]Fo]x] VOCs F57} 743 Ao 2 FAdHT}. Fig 5
o] B~ F CO2t VOCsY &% Hsls YepfISITh

34. TPH s&=
FHEY A $ nlolend 27] EYe] TPH
1970 k(131 2,840 mgkgp IO, oF 3097

-

[Oyum

fr

2



% 992 mg/kg(HL 1,630 mgkg)O 2 °F 30% HE A
3 Ao FAEeH, 90¥ & E%ke] TPH ¥ee
86 mgkgFHAL 153 mgke)o 2 oF 98% H=7HA] 2T
Ao 7 ZAEIL. Fig. 62 E9ke] TPH F=w3lo|th

nlo) el FAoNA S AEHL AR FE BT~
o] F2 EY vES] Ealggoz oozt 29
E49o Agtel 71% = B vAE Eallo] oSt dFF
2 B3] R ¢ glon, F2ol g AR nlo]
29} £ AFE oF 40U71A] A&FH o dojto
o, ngEe] Balege oF 10 o]Fe] BAHow %
g3l nlo|enid T8 AR AEHOE dojd Zlo
2 FeE

-

1.4 E

2 Aol o TR Shae) fRrEel o8 o
¥ Ao} Aa5 FASHE delel, o] H|de] ©
Qe that nolestAEe] ¥4 H84S Yolusk

e
T .

LAXBIRS] pHE HiF 6.622 RIS 99, ECe
TPH ¥ BTEX 7| %A% (853.75 uS/em)°] 7= Tk
SA17(983.50 pS/em)ETH S A0 = FALE T

DO= 7% =AY 71 wEAI-e] 247} 1.84 my
L} 2.74 mg/LEA BIQGR|Ho] AtfjHog =& Aog
ZAFE). QAR Go e mgES] Al Zgol ¢8|
2nE Akrd) FL i) wE oz wdtdch
ORPE 119.02 mVE UERH HHkzo=m JsPde|ds
Holal o} LEE 16.97°CEA HubHo g 2F A7)
H zlole gle AoR AR

2 oV FA9 A golHE 447 231 9
A4 2 WHisle Ilom, LAAHYE i
TRk} AR FEoE ARSI BTEXS)
12} AEEE7} 27) vIsle] Thas =4 VERE

FROGEY] Hlo|oud B F okleleth &
T 1.3%7HA] $718I9.2H, VOCs 55w 408 Foll=
3] AAHATY. FRQAESES vlo|euld FHos
90¥ )3t A7} B TPHE= <F 98% AE 7HA4s)
ok ZEAR] 719 Y - F2o0 o5l g iRe
A7 Bt 3RS fAlRI e, raEY SE
7ol o8l olilslerae] Few A&H o FTIsIST

Hlo| o3l FHL FFROAEYe] Aslo| a7 A
o7 Fowm, 3 vEe] el e &E il
ek AT 22 A7} o]Folxor & Ao wAekET)

i d
ey

Ir

y
a

O

o

2

FRLGAG) A5 FAEAT EPRs B 5

g nle] Qutde] F&w7} 43

3

m
o
rot

i

Beskoski, V.P., Gojgi¢-Cvijovie, G, Mili¢, J., 1lie, M., Mileti¢,
S., Solevi¢, T., and Vrvic, M.M., 2011, Ex situ bioremediation of
a soil contaminated by mazut (heavy residual fuel oil)-a field
experiment, Chemosphere, 83(1), 34-40.

Chang, S.W.,, Lee, S.J., Cho, S.H., and Yoon, J.K., 2006, Lab-
Scale Air/Bio-Sparging Study to Remediate Diesel-Contami-
nated Soil and Groundwater : The Effect of Air Injection Rate
and Pattern, J. Soil & Groundwater Env., 11(4), 10-17.

Choi, HM. and Lee, J.Y., 2010, Hydrogeological Characteriza-
tion of Petroleum Contaminated area in Kangwon, J Soil &
Groundwater Env., 15(2), 1-9.

Choi, HM., Lee, J.Y,, and Park, Y.C., 2010, A Study on
Groundwater Quality and Biodegradability at the Petroleum
Contaminated Site of Kangwon and Gyeonggi Province, Korea,
J. Soil & Groundwater Env., 15(2), 24-33.

Coulon, F, Awadi, M.A., Cowie, W., Mardlin, D., Pollard, S.,
Cunningham, C., Risdon, G, Arthur, P., Semple, K.T., and
Paton, GI., 2010, When is a soil remediated? Comparison of
biopiled and windrowed soils contaminated with bunker-fuel in
a full-scale trial, J. Environ. Pollut., 158(10), 3032-3040.

Hyun, S.G, Woo, N.C., Shin, W.S., and Hamm, S.Y., 2006,
Characteristics of Groundwater Quality in a Riverbank Filtra-
tion Area, Econ. Environ. Geol., 39(2), 151-162.

Jo, Y.J., Lee, 1.Y., Choi, M.J., and Cho, B.W.,, 2010, Character-
istics of Seepage Water and Groundwater in Incheon Coastal
LPG Storage Cavern, J. Engin. Geol., 20(1), 1-12.

Jorgensen, K.S., Puustinen, J., and Suortti, A.-M., 2000, Biore-
mediation of petroleum hydrocarbon-contaminated soil by com-
posting in biopiles, J. Environ Pollut., 107(2), 245-254.

Kriipsalu, M. and Nammari, D., 2010, Monitoring of biopile
composting of oily sludge, Waste Manag Res., 28(5), 395-403.

Lim, H.G, Lee, J.Y,, Park, Y.Y., and Park, Y.C., 2012, A Study
on Hydrochemistry Characteristics of Groundwater and Surface
water near a Petroleum Contaminated area, J. Soil & Ground-
water Env., 17(5), 10-19.

Lin, T.C., Pan, P.T,, and Cheng, S.S., 2010, Ex situ bioremedia-
tion of oil-contaminated soil, J. Hazard. Mater., 176(1-3), 27-34.

MOCT, 2003, Seocheon-Gunsan Regional Ground Water Pre-
liminary Survey: Hydrogeologic Map.

Plaza, G, Ulfig, K., Worsztynowicz, A., Malina, G., Krzemin-
ska, B., and Brigmon, R.L., 2005, Respirometry for assessing
the biodegradation of petroleum hydrocarbons, J. Environ. Tech-
nol., 26(2), 161-170.

J. Soil & Groundwater Env. Vol. 18(2), p. 36~44, 2013



44 27338 - A7)

M

USEPA, 1999, Ground Water Issue: Microbial Process Affect- of biostimulation on community level physiological profiles of
ing Monitored Natural Attenuation of Contaminants in the Sub- microorganisms in field-scale biopiles composed of aged oil
surface, EPA/540/S-99/001. sludge, Bioresour. Technol., 111, 308-315.

Wang, X., Wang, Q., Wang, S., Li, F., and Guo, G, 2012, Effect

J. Soil & Groundwater Env. Vol. 18(2), p. 36~44, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


