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Field Study of Remediation Treatment Chain Policy Plan
-Case Study of Petroleum Contaminated Sites

T.C. Chang
Institute of Environmental Planning and Management

C.W. Cheng
Institute of Environmental Planning and Management

K.C. Tse
AECOM, Regiona Manager

Abstract

This study focused at three polluted gasoline stations in Tainan. The
implemented in-situ treatment and the soil and groundwater sampling data were
evaluated in this study. The most popular combined remediation technologies used
at gasoline stations in Taiwan are: soil excavation, land farming, air sparging (AS),
soil vapor extraction (SVE), pump and treat (P&T), chemical oxidation. Although
those three gasoline stations used the same technologies, different consequences of
technology implementation were utilized with excavation, land farming, air sparging,
and soil vapor extraction.

In order to effectively remediate both the contamination of soil and groundwater,
a three stage contamination approach was used. The levels of contamination were
divided into: high pollution level, median pollution level, and low pollution level.

Soil characteristics or properties dominate the migration rate of pollutants. As
such, the first phase of remediation uses excavation technology to remove highly
contaminated soil, followed by land farming and soil vapor extraction. For the
remediation of groundwater, pumped treat method was used for highly contemned
groundwater in the first remediation stage. If there is free oil product on the
groundwater, oil recovery method is recommended to be used. For the second stage of
groundwater remediation, air sparging was applied, while soil vapor extraction was
also used to collect the volatile pollutants to prevent it spreading offsite. Furthermore,
chemical oxidation method, such as Fenton method, was also used to enhance
dissolution of the pollutants. Persulfate can also be used as a chemical oxidation,
which may prevail over Fenton. This is due to the radius of reaction range is wider
and the use of dosage is lower. The second phase remediation is to enhance the
remedia effectiveness of the first method. The application of the third stage
remediation depends on the end-point concentration of pollutants in the groundwater
at the end of the second stage.

Keywords : Remediation Chain, Petroleum Contaminated Site, Remediation Plan,
Polluted Site, Filed Study
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7 N B giﬁigﬁﬁﬁﬁ'ﬁ%*ﬁ%

P1-P29

HIGP  mg/L
94/2/22 | 94/10/21 | 95/2/10 | 95/4/12 | 95/1/T | 95/10/23 | 96/1/24 | 96/4/30 | 96/7/30 | 96/10/15 | 97/01/15 | 97/04/25 | 97/7/31 | 97/10/15
ND
0.206 ND 0.326 0.370 0.798 0.811 0.0331 0.187 0.0797 ND 0.00863 | 0.147 0.157 | 0.0425
ND
ND
ND
0.00006 | 0.00161 | 0.00182 0.434 ND ND <0.01 ND 0.0178 ND
1.39 0.404 0.141 0.0264 0.612 ND ND 0.0370 ND ND 0.0563 | 0.0349 ND
ND
0.0417 | 0.00378 | 0.0362
El 0.00009
W ND 0.00157 | 0.00063 0.0380 ND -- ND ND 0.00576 | 0.0042 | 0.00536
™ ND
VW2 0.00019
VW3 0.00009
VW4 ND
VW5 ND
MDL | 0.00003 | 0.00003 | 0.00007 { 0.00007 | 0.00003 | 0.001 - 0.00066 | 0.00066 | 0.00066 | 0.00066 | 0.00003 | 0.00003 | 0.00007
HAREE| 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050

SRR A i b E R B ATl S E RS RS eRFL (7]
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O BB ST I A ]
P1-P29
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Q)% 5+ G1~GT7
(=)~ 1 BmERPIRE R (5

FIZBLR e 02 5 5 FIghat B Ui &= 50— Sy iosiid il - Mo e i
MR PSR SWL > 385 TPH 7% 1% 2910 me/Kg %Eﬁyﬁf@@i@ﬂ%@ fifr 2.9
l’f} o PINE 02 F 12 FIEIRHEEE S S S0 il (=50 57 i 93 = = 95 = JR -
it 75 BB ek - 4 BRERRRA R 3 7 ¢
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#3 B IR BT

% 57— #(2010)
BB I A
P1-P29

SRS H RS oA :Ji,i :;j; " TPH-g TPH-d

FRERE 1] el it mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg
AR | S 500 250 500 1000

B 0.20 0.20 0.20 0.40 0.20 5.00 5.00
93.06.18 SS-1-1m ND ND ND ND ND 8.50 13.1
93.06.18 SS-1-3m ND ND ND ND ND 2.52 518
93.09.20 SS-2-1m ND ND ND ND ND ND ND
93.09.20 SS-2-3m ND ND ND ND ND ND ND
93.10.11 SS-3-1m ND ND ND ND ND ND ND
93.10.11 SS-3-3m ND ND ND 0.555 0.311 ND ND
93.10.11 SS-4-1m ND 3.12 3.66 16.5 9.73 ND ND
93.10.11 SS-5-1m ND ND ND ND ND ND ND
93.10.11 SS-5-3m ND ND ND ND ND ND ND
93.10.11 SS-6-1m ND ND ND ND ND ND ND
93.10.11 SS-6-3m ND 16.0 62.5 126 66.9 ND ND
93.12.13 SS-7-1.2m ND 205 137 440 230 4940 -
93.12.13 SS-7-3m 0.485 3.06 2.35 6.24 3.56 241 —
93.12.13 SS-8-1.2m ND ND ND ND ND ND —
93.12.13 SS-8-3m ND ND ND ND ND ND —
93.12.13 SS-9-1.2m ND 19.3 16.4 53.3 26.7 116 —
93.12.13 SS-9-3m ND ND ND ND ND ND —
93.12.13 SS-10-1.2m ND ND ND ND ND ND —
93.12.13 SS-10-3m ND ND ND ND ND ND —
93.12.13 SS-11-1.2m ND ND ND ND ND ND —
93.12.13 SS-11-3m 58.3 605 264 531 327 7050 —
94.07.04 SS-12-4m ND ND ND ND ND ND ND
94.07.04 SS-13-3m ND ND ND ND ND ND 1710
94.07.04 SS-14-5m ND ND ND ND ND ND ND
94.07.04 SS-15-3m ND ND ND ND ND ND 141
94.07.04 SS-16-3m ND ND ND ND ND ND ND
94.07.04 SS-17-3m ND ND ND 0.359 0.303 ND ND
95.06.05 $9506-1 ND ND ND ND ND ND ND
95.06.05 $9506-2 ND ND ND ND ND ND ND
95.06.05 S9506-3 ND ND 0.235 ND ND ND ND
95.06.05 S9506-4 ND ND ND ND ND ND ND
95.11.20 S9511-1 ND ND ND ND ND ND ND
95.11.20 S9511-2 0.381 ND 11.6 0.744 0.321 ND ND
95.11.20 S9511-3 ND ND 0.235 ND ND ND ND
PR IR L B li“*ﬁiﬁfﬁaiﬁ‘f%%r - ﬂfj%«clfr (Farl (95.12) [8]
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ST I R R I pT
P1-P29

F< 4 B MR A< 55 A
SFEL B e | ew BT RTE R
FERLE 1] i i b mg/L mg/LL | mg/L mg/L mg/L meg/L
BT R RHIRE 0.05 10 — — 0.4
QL 0.001 0.001 0.001 0.002 0.001 0.001
MW-1 ND ND ND ND ND --
93.03.23 MW-2 0.0062 ND ND ND ND --
MW-3 9.96 5.75 1.20 2.24 1.63 -
MW-1 ND ND ND ND ND --
93.06.18 MW-2 ND ND ND ND ND --
MW-3 14.6 10.0 2.59 4.85 3.27 -
MW-1 ND ND ND ND ND --
93.09.20 MW-2 ND ND ND ND ND --
MW-3 ND ND ND ND ND --
MW-1 ND ND ND ND ND --
MW-2 ND ND ND ND ND --
MW-3 0.0429 0.0202 0.110 0.0139 0.127 --
94.07.22
MW-4 ND ND ND ND 0.0010 --
MW-5 0.0057 0.240 0.428 1.36 1.16 -
MW-6 ND ND ND ND ND --
MW-3 ND ND 0.027 ND ND 0.0042
MW-4 ND 0.0023 ND ND 0.0010 ND
95.03.06
MW-5 ND ND ND ND ND 0.0041
MW-6 ND ND ND ND ND ND
MW-3 0.017 ND 0.042 ND ND 0.0032
MW-4 ND ND ND ND ND ND
95.06.05
MW-5 ND ND ND ND ND ND
MW-6 ND ND ND ND ND ND
MW-3 0.0082 ND ND ND 0.0020 0.0056
MW-4 ND ND ND ND ND ND
95.11.20
MW-5 ND ND ND ND ND ND
MW-6 ND ND ND ND ND ND

FE LG AR LV ND” R o P LR QLM -
EPRHIR B I 3 e ieien T SR (95.12) [8]
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O A SRS I PR
P1-P29

Motel
g |
o TR
W11 N
%
. ﬁiﬁ e
m
e=1T= 9
kb T
o] = ® BHE PR
ol ° o [
\w°7 Wl ;J:{;» ]_L:?E[I [[LI’;jI
olo % Tﬁiﬁ, %I 3E[7‘<‘¥ [[gfi{
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R " R S E e
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Bl 13 Colejb shfr# 2 2 2 T REL e} R
FARORR CAd s A AL ARE (942 127 ) [10]

(3) B 3 ["Eﬁﬂﬁé’r £ 9538 hr
64497 AN
(HE™ ﬂEIH'*[ Elrﬁ'l P30
()% B 1 PW1~PW3
(RFATEAEL 960 m’
7.{* 2= 883 -Fenton:
(DFEBEZ & TW1~IWT ~ EW1~EW6 ~ RWI~RW9
Q) RAFEBEE! ¢ 59 304,300 L
(Z) ~ F Em R b R S
qu;%zc "JWE [TWJI;\“jfiLﬁf[j#é'j'Hlﬁq' e 2 92 5 4 BRG] ’ﬂﬁ
B R LA Bt Sl928m&?n, i&“*"t" 271 mg/ke > xﬁ}?ﬁtﬂ IR 542 1
Ho s suzgmﬂ » R 7 85.7 me/Ke  BHEFTHIENED 17.1 If. T“HF
ERVRE: St RN ngﬁﬁ [ B e - ﬁf'l o 4 1 RETRACEE
S 95 F 9 F f”ﬂEHr% Vﬂ%ﬁ# D%SF’% > ELFRER TN 14 6515[ S02
S 60.2 mg/Ke - Elmiu ﬁfufff—ﬁ# V121 f# + TPH t i 3600 mg/Kg
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B IR ST ~ B 5T 19(2010)
O T BB SR I T3
P1-P29

#*5 C "JLWEITFW 95 & 9 F| 4 Eﬁﬁgﬁ%%\'

o REFIHE R | e
FIH - E\‘ RPN (mg/Kg) (mg/Kg)
‘ S01 S0 S03

0 0100 | 134 | 607 <0.100 5
FHA 0.100 19.9 432 <0.100 500
o 0.100 | 152 119 0.502 250
1 = PR 0200 | 47.1 337 0.355
95/9 S 200
- IR 0.100 | 220 162 <0.100
AT RS [~ &P
TR A 00 1 se0 | 3600 <10.0
(C6~C9)
e 1000
ARERIRE AP0 179 <50.0
(C10~C40) ' ' '

EPRIHIR: C UM SROVEY R R R B, (95.12) [9]

(D) ~ B9 SRR AR [

C *’ngliffﬁﬁ?‘ 91 F 11 FJAmsE = 37— By ’”I“??ﬁ?\“%@ At EEA J‘J%!T'“f w9
EWHEE 30.3 mg/L ~ PR L 50.0 mg/L ~ TPH £% 154 mg/L WA W13 % 15 21.7
mg/kg ~ PR W8 [ TPH B it 168 me/L st il  #97 7&??1%‘;%@ RS B
e I BN s 5 F R J/iﬁ[lfﬁg.?}fﬁi*@ T P R PR BN IS
5 o pre (B BHEEE S o SR [y Rt SRAH PR = A e o B
AP = ] ERRE S TR 0 R 92 F 12 B AR 05 = 9 F[ B
ARSI P g B IR e A S 6 TR Y I Y AR5
BT B P s e e e a3 (7 A S W8~ WL T > Vil
FIT > %Eﬁ@ﬁ@ﬁéfﬁgj (N8 PSINE > 7297 23.6 mg/L ~ 41.8 mg/L V] » Z[ B W8 7%
04 F 12 FJLIHH Ll 418 mell, o T A SVRRERAVEY T A U B = 174
mg/L 5 HBEWIL €] 93 & 12 FJEHFR S d i 32.3 m/L > FjiTY = 5% TW3
SIEEES 17.6 mg/L »

(EREAHIE B 397 AR TR R > PR TWI ~ TWAHS 93 & 12 FI[E » &
VETRE TR A AR 2 94 5 3 ] {E ] TW3 il iR i - % 0
ez 94 F 127 i{ BETW3 1 84.4 mg/L ~ |1 £ 944 mg/L » ™ B9+ Rt
MW3 >~ MW ~ W11 ~ TW3 285 = S5 R 15 5. -

P B P ?E’JP
» ﬁ:fL\LA B~ O %_Eljmgiflﬁﬁjiﬁ%%{ur 70 1T fﬁ]ﬁﬁ@‘lﬁkﬂfﬁ-ﬁi"‘,\f’/ﬂﬁﬁ&
—f‘;} o AL S A R C Oy 55 RIS
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BUEARPEAST - 6 5T~ #1(2010)
AL S c2iate s I It ey
P1-P29

A6 C TR R e T A

i L PR AR (mg/L) s
W8 W1l | EW5 MW1 MW2 MW3 TW3 (mg/L)
e 8.06 143 - - - - - 0.05
oo/ HIES 5.28 53.0 - - - - - 10
B 2.43 1.10 - - - - - -
kS 10.2 5.11 - - - - - -
# - 25.9 - 183 0.00111 448 37.2 0.05

93 fri - 39.6 - 13.1 0.0472 8.25 36.8 10

“eH - 422 - 0.960. 0.281 .12 4.62 -
R - 17.2 - 5.15 0.984 3.16 2.1 -
# - 110 - 8.45 0.00010 0.241 - 0.05

936 S - 19.2 - 4.88 0.00589 0.439 - 10

o - 1.11 - 1.14 0.0163 0.263 - -
ZprE - 4.33 - 3.23 0.434 0.449 - -
# - 4,23 - 0.384 0.0159 0.281 - 0.05
939 S - 6.46 - 1.97 0.0147 0.888 - 10
oW - 0.0075 | -- 0.140 0.0168 0.157 - -
- - 0.0375 | -- 0.613 0.0457 0.0457 - -
e 23.9 32.3 - 12.7 <0.0200 0.52 - 0.05
03110 p 1% 4.2 426 - 8.38 <0.0200 4.56 - 10
B 5.14 4.50 - 2.61 0.20 171 - -
CpE 22.1 18.76 - 7.86 0.59 3.69 - -
e 25.5 156 | 7.02 - <0.0200 <0.0200 | 34.5 0.05

043 fri 38.8 358 | 3.67 - <0.0200 0.90 29.2 10

A 4.84 6.54 | 1.96 - <0.0200 0.90 6.76 -
R 22.47 28.6 | 945 - <0.0600 3.664 31.2 -
e 23.6 14.8 - <0.0200 <0.0200 0.03 - 0.05

o4/6 frs 29.3 22.8 - <0.0200 <0.0200 1.77 - 10

A 1.86 111 - <0.0200 <0.0200 0.80 - -
Zpr 14.22 9.56 - 0.0362 <0.0600 0.86 -

049 # 32.8 30.8 -- 0.193 <0.0200 0.43 - 0.05
s 51.4 63.4 - 1.37 <0.0200 9.77 - 10
eH 4.72 7.15 - 0.547 <0.0200 2.29 - -

ZprR 24.77 39 - 2.52 <0.0600 9.13 - -
o4/ * 41.1 178 - 10.8 <0.0200 0.31 84.4 0.05
S 67.0 102 - 142 <0.0200 1.38 94.4 10
B 1.38 2.16 - 1.25 <0.0200 1.29 2.45 -
ZprE 9.89 14.6 - 6.53 <0.0600 2.09 14.18 -
# 174 - - 2.30 <0.00063 | <0.0200 | 17.6 0.05

95/9 fr 19.0 - - 0.679 <0.00092 0.484 25.8 10

o 1.58 - - 0.125 <0.00064 0.148 2.04 -
TR 12.98 - - 1.064 <0.00187 1.07 11.05 -
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