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Great attention has been given to the reductions in chlorine-containing organic
solvents of the soil and groundwater contaminated sites at regulatory listing in Taiwan.
Organic solvent contamination is difficult to clean up. Natural attenuation is observed
at most of the chlorinated solvent contamination sites, which implies that enhanced in-
situ reductive dechlorinated bioremediation (EIB) is feasible and practical. However,
the current delivery technologies cannot effectively spread substrates nor put them into
contact with contaminants. Subsurface waterjet technology is developed here to
improve the biotreatment of residual bound contamination and eliminate contaminants

rebound at low permeability zones.

The team had already conducted a two-year pilot remediation project using
waterjet injection technology to treat chlorinated organic solvent contamination at
vacant lot in Taiwan. According to the results, the anaerobic bioremediation of
chlorinated solvent contamination at the treated area had been successfully and
continuously enhanced after the waterjet injection, which implied the technology had
effectively delivered the substrate to the surrounding area of contaminants and improved
the biotreatment of the residual bound contamination in the low permeability zones.

For further understanding and evaluating the feasibility of the technology when
applying to the operating factories with chlorinated organic solvent contamination,
another two-year pilot remediation project is planned. The objectives of this study are
to explore the application and effectiveness of waterjet injection technology and to
develop a localized and practical way to enhance in-situ reductive dechlorinated
bioremediation (i.e., the delivery of substrates). Hope to provide an alternative
solution for remediation planning of the operating factories to reduce the time period of
remediation where excavation is not practical and repeated back diffusion is a problem.

The site selected for this year is King Shun-Li Industrial Co., located at Bei-Dou
Township, Changhua County, which is currently declared a Soil and Groundwater
Pollution Remediation Site. The groundwater TCE concentration was around 0.07
mg/L, which is above the Second Category Groundwater Pollution Control Standard.

The following work items have already been conducted as scheduled: 1)
geological survey data collection; 2) monitoring well groundwater background sample
collection and analysis; 3) waterjet field work; and 4) groundwater monitoring. The
groundwater monitoring results showed that the concentrations of contaminants had
decreased to be below the applicable Control Standards. Meanwhile, back diffusion and

concentration rebound was not observed after the implementation of waterjet injection.
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MW?76| ¥ i [s#smie|s2s0w2| 110/09/01 | 110/11/03 | 111/04/13 | 111/08/31
kil m — — 1.937 2.000 3.203 2.948
K| C — — 30.8 27.6 - 27.7
pHiE| - — — 7.2 7.0 - 7.0
EF R [umho/em|  — — 724 794 - 1170
A E|mg/ll| — — 0.9 2.5 - 0.3
FirRRa ] mv — — 138 166 - 109
1,1,1-= F | mg/L| 1.0 2.0 -- - - ND
1,1,2-= % ¢ *%| mg/L| 0.025 | 0.050 -- -- - ND
1,1-- % ¢ | mg/L| 4.25 8.5 <0.01 - ND ND
1,1-- % 2 % | mg/L| 0.035 | 0.070 <0.01 ND ND ND
1,2-= % ¥| mg/L| 3.0 6.0 -- - - ND
1,2-= % ¢ %[ mg/L| 0.025 | 0.050 - - - ND
1,4-= % ¥| mg/L| 0375 | 0.75 - - - ND
¥| mg/L| 0.025 | 0.050 - - - ND
® % 5| mg/L| 0.025 | 0.050 - -- - ND
# ¥ | mg/L| 0.50 1.0 - -- - ND
Z % 7% %) mg/L| 050 1.0 - -- - ND
% 7%= mg/L| 0.15 0.30 -- - - ND
"g-1,2-= % ¢ %[ mg/L| 0.35 0.70 <0.01 0.00354 0.0558 <0.00100
¢ ¥[mg/L] 3.5 7.0 - - - ND
7 A% =7 A mg/L| 050 1.0 -- - - ND
Z % 7 %| mg/L| 0.025 | 0.050 <0.01 ND - ND
%| mg/L| 0.20 0.40 -- -- - ND
™ % ¢ % | mg/L| 0.025 | 0.050 <0.01 -- ND ND
7 ¥| mg/L| 5.0 10 - -- - ND
F-1,2-- & ¢ % | mg/L| 0.50 1.0 <0.01 ND ND ND
= % ¢ % | mg/L| 0.025 0.05 0.242 0.198 0.0568 0.00494
¢ %[ mg/L| 0.01 0.02 <0.01 ND ND ND
=% ¥| mg/L| 50 100 - - - ND
S B | mg/L| 750 — -- - -- 586
4,75 f# FIAE 4 | mg/L| 1250 — - - - 840
i @ mg/L| 4.0 8.0 - - - 0.33
B mg/L| 625 — - - - 36.4
it | mg/L| 625 — - - - 242
MEe®E | mg/L| 5.0 10 - - - 2.86
TAEAE | mg/L| 50 100 - - -- 0.1
% ¥ |mg/L| 0.25 - - - - <0.05
B3 B mg/l| 10 — - - - 0.4
z ’fF mg/L _ _ - - - <0.010
Pl mg/L]  — — -- -- -- 1.46

XH|ERRM AT TP o5 BAZEH = K TR T AL RIEE  BMRR AT TP R AT K B TR RE AR
%110/09/01 ~ 110/11/03 + 1LUOH 13§ o £ /EF)H -4t 55 74 F A 17 BIIF ALy 2 PR 0 AL 22 P75 5 R ph g i B F 6 H f o
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4.4 k7 I ERBHRRHF LT

111 # 11 2 28 p % 128 1 pRAFRR-k7 L EFRHEPFL 7o L3 ivE
B 7 ArB] 4.4-2 907 o 1RIALR e B IR B AR A I BERE PR
SISl B B R 4 B 1s > 205 iEER e WI-1 2 WI2 &3~ 190 kg 2. 2 4 %] %]
A H (EOSPES) % 25kg 2 ' i &) (CoBupH®) > # ¢ AL 7 %% EOSYES
= Fv it 454 (Emulsified Vegetable OiL EVO) » § 2 B R & F2 £ 97 ¥ % 2
BAZ O ABEXLFZEREEETEN G S5% FLEP ﬁ;ﬁsv] 4% ~ Al FL ~ s 4
B# 2 lEF £ 4% B o fE A g1 i WA o 2k 7 g
&%%@%%ma’%ﬁﬁ“Amwf“mf R G ok o B rE A
COBupH®%3§" SRFIHMEER > TR LA pH EAFLRRRE FA L2

.__,,_ ¢ ﬁ_%]ﬁ o

EEH 2N K E K7 22 1)/ EHE LS FrAcT AT o W IT R R E

FRELRI BT BB R b F (PR EE (TR 940 MPa) o

117 28 p P LKA EH hH Tl 23T E e fa-k7 L E44
FLW FRIFBREW -LFREFRE Z§ 007 FAEES
B /R CER S PHRMOTRR S FRTAREF S S -

1107 20p ¢ &oFm g ferkpemitd k7 LB - 504 3R
T REGE AL BER S LR BRI FE T (TRIE o RE R SR
k7 A B E D e A WL P E R .

117 30p 324 WJ-1 12 WI2 k7 7R3 Ei5% c-k7 i3 djm
1m(§4’§‘_2m)’;‘§3)§§‘='[§]éfl"f2m~5m(3m*7id{»)§:)o’f$¥si
S5mifs > Baarok 7 2302 cm ~ 3 em & en[f] A E R ’-EJ‘U‘? 30 cm
L At B8 240 H->FHeFIEAL BHH T 2421 2m
R g luﬁﬁﬁ%’wﬁkﬁ@ﬁi#é?%ﬂﬁéﬁgﬁ
ﬂﬁao$7*rg%éu CEATTRE L SmIER CREFEREL LR
mE 30em Bk B EE P EANEISHIFRY BH T B
AREFDERFELIIRK S DOFEEPN B 2w 2miER o ITE
TAE o AR IR A B 4T o

127 01 p @ 2K EITH ~ R NBFTE -

BHA P TER T RFRFZ2PE - ARX2PES) A KL LB
ig@,v%ﬁg*%u; FR2ERFE ARt itkA kTR BISE
FrabiEd X 2 RRN TN T R SRR 3
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FimpER 2202392 5p T = (09:48

A4

¥IF BEREHHEEFF

% 5.1-1~ &I Fn TR AT

. e B/ .
R N4 =y
Fruk E FH IR Bl (m) K X97 v97 =R
(in) (m) e (m)
ZEE (m)
MW19-1 101/07/24 2 (#%?%#) 5.193 1.5 (3.693 ~ 5.193) 4.00r 4.5 204865.5 2639836.7 38.351
MW9935-05 - 2 (fEAEH:) 9.000 6 (3.000 ~ 9.000) 4.5 or 5.0 204860.9 2639833.9 38.837

52 k7 P ERRT EH T KT RE

WOR 7 IEREITE RS AEETRE MWIO-1 {7 TR R > & 45
T oRORE S8 E B (pH,EC, DO, ORP > *5 i¥ {5 % 1/3/6/12/22 % ) % & T -k VOC
Bis 4T (FIFR % 0.5/1/2/4/7 B " ) ¢ Ficdy ~ v ROF TR SR o 2HF B
FRE RS ] o AT ERIE MW9935-05 22 VOC # kA 450 3E G-k 7 L # (T ¥ 4
L & T

(1) ZpF MWI9-1# T kEELsr 785 5 &

AP FRBIFIER T IHEETR Y MWIO-11 7> X F 5%z Ao
ERURTE 270 - S {ﬁl_ﬁ]]‘;;%;u NENHP LRI A 2 B
AT R A S2-157 T 0 AR 2 AR L e 2

b K7 R /ww"‘r SEREZ OFRTRE MWI9-12_3 T -Ki5 44
Mz F U TF"" q F g WE12-Z F ¢ TvF o e d R BT

T RE i 3% 4 (tceA~bvcA) 2 F *=af (dcaA) 2 i 12
A7 ’%:‘s%iﬁ;:g_,féf] %10* ~ 10° copies/L ° 1345 # R R 0Tk B & > v
%73+ 4 (Department of Defense's Environmental Security Technology
Certification Program, DoD-ESCP ) 14 #» 33 i* (bioaugmentation ) ¥
2pleh 2y FRe R BRVE A5 FL 2R M FKE &
( Dehalococcoides sp. ) *## #icE ) %107 copies/L ; 7§ % it ehd b & #]|
R (4o BAC-9~SDC-9™ )i 23 g2 % 4 ek & ] 5 10°~ 107 copies/Le

d B2 BB ER ML EETF R ERE L2 BT TR ER o T

BB Y 2 AP EFRE G R TR FAPFRE A RIS BS .

&a—l
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b pER 2023290 5p T =
K7 FERPTEE Y 1R FE G ARk T R
4 5.2-1~ £ 35n T2 MWI9-1 3 T kAR % R 8
B (k7 A FEw) FEp Y (k7 EY)
MW19-1| H i+ |sagmier|s2g0es| 111/06/16 | 111/07/07 | 111/10/03 | 111/12/12 | 111/12/26 | 112/01/30 | 112/03/27 | 112/06/12
s — — 2.890 2.954 2.822 3.523 3.718 4.204 3.731 3.789
k| C — — 26.7 27.1 30.0 26.2 25.4 23.5 25.0 27.2
pHiE| - — — 7.1 - 7.0 7.0 6.9 7.0 7.0 7.0
T R |umhofem|  — — 719 753 932 1200 1150 1160 1280 1350
By E|lmg/L| — — 2.1 0.3 0.5 0.5 0.4 0.8 0.9 0.9
FirBRT ] my — — -7.0 132 176 105 170 193 204 121
1,1,1-= 5 ¢ | mg/L| 1.0 2.0 - - ND ND ND ND ND ND
1,1,2-= § ¢ *=| mg/L| 0.025 | 0.050 - - ND ND ND ND ND ND
1,1-= F ¢ %[ mg/L| 4.25 8.5 ND ND ND ND ND ND ND ND
1,1-= & & % | mg/L| 0.035 | 0.070 ND ND ND ND ND ND ND ND
12-- % ¥| mg/L| 3.0 6.0 - - ND ND ND ND ND ND
1,2-- % & *%| mg/L| 0.025 | 0.050 - - ND ND ND ND ND ND
14-- % ¥[mg/L| 0375 | 0.75 - - ND ND ND ND ND ND
%| mg/L| 0.025 | 0.050 - - ND ND ND ND ND ND
» & i“p¢| mg/L| 0.025 | 0.050 - - ND ND ND ND ND ND
¥ ¥|mg/L| 050 1.0 - - ND ND ND ND ND ND
Z & " %(% 7) mg/L| 050 1.0 - - ND ND ND ND ND ND
&7 %|mg/L| 015 0.30 - - ND ND ND ND ND ND
IE-1,2-2 & mg/L| 035 0.70 0.00924 0.00650 0.0121 0.00370 0.00414 0.00152 <0.00100 0.00139
mg/L| 35 7.0 - - ND ND ND ND ND ND
PR % =A@ mg/L| 050 1.0 - - ND ND ND ND ND ND
) mg/L| 0.025 | 0.050 0.00232 ND 0.00133 ND ND ND ND <0.00100
2| mg/L| 0.20 0.40 - - ND ND ND ND ND ND
» & 2% | mg/L| 0.025 | 0.050 ND ND ND ND ND ND ND ND
v ¥[mg/L| 5.0 10 - - ND ND ND ND ND ND
F-12-- % ¢ % | mg/L| 050 1.0 ND ND ND ND ND ND ND ND
= & c%|mg/L| 0025 | 0.05 0.0616 0.0986 0.0662 0.0136 0.0182 0.0142 0.0168 0.0223
2% | mg/L| 0.01 0.02 ND ND ND ND <0.00100 ND ND ND
- % ¥ mg/L] 50 100 - - ND <0.00300 ND ND ND ND
S B | mg/L| 750 — - - 497 - - - - 653
a5 f2 A | mg/L| 1250 — - - 611 - - - - 1120
i@ mg/L| 40 8.0 - - 0.29 - - - - 033
% W mg/L| 625 — -- -- 22.7 - -- -- - 61.1
Frfe@| mg/L| 625 — - - 151 - - - - 309
HEERF | mg/L| 5.0 10 - - 5.46 - - - - 6.52
LA p@E | mg/L| 50 100 - - 0.07 - - - - 0.04
i % | mg/L| 025 — - - <0.05(0.01) - - - - <0.05
Bt mg/L| 10 — - - 0.5 0.6 0.6 0.7 0.6 0.6
e %[ mg/L — — - - <0.010 - - - - <0.010
? oz mg/Ll|  — — - - <0.010 - - - - 0.011
K EARRY A T 7ZTF P fe e BACH ¥ = T RTAEHEE  RMRRE TGP REEAE R TRTREAEE

Xk 7 2 Z i 11106/16 ~ 11UQTI07 #edf 0 £ " FIHhl ok 34 5 34 /7 BIFFFE oL 28 74 B 0 A 2> 7 75 %

24

rAPFPEFHAE

2tk

(2) TiRl¥ MW9935-058 T kitth A 458 % &
A N111# 127 26 P 423 4 & Rl2 MW9935-052. VOC # % 4 17
EEAISER BT ER AL S PR TR A S
AT R R A £ 52200 0 Rt R 2 BR A TR S PR 2
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FimpER 202392 5p T =&

45 = A by ] > L4y 2
1% H%EHmEegar

% 5.2-2~ £EFIF-H T BIE MW9935-05 3 TokFEH LTRSS RE

FRpH Ck? %) FEPY (k7 aEQ)

MW9935-05| H i+ | azmier|sapner| 111/01/20 | 111/06/17 | 111/07/07 | 111/09/26 | 111/12/26 | 112/01/30 | 112/03/27 | 112/06/12

s — — 3.504 3.376 3.430 3.295 4.216 4.705 4.241 4.300

k| C — — 25.2 25.8 27.1 27.6 25.1 23.8 25.2 26.9

pHiE| - — — 6.8 6.7 - 7.1 7.1 7.0 7.0 6.9

HR R [umhorem|  — — 2450 1597 1509 1281 1060 1250 1180 1280

BE B mg/l| — — 1.1 0.6 0.4 0.2 0.7 0.8 0.5 0.4

FoRRT | my — — -115 -132 -179 -244 -56.1 -60.3 -68.8 -60.3

1,1,1-= & ¢ %% | mg/L| 1.0 2.0 - - - - ND ND ND ND

1,1,2-= § ¢ *=| mg/L| 0.025 | 0.050 - - - - ND ND ND ND

1,1-- 5 ¢ | mg/L| 4.25 8.5 - - - - ND ND ND ND

1,1-= & & % | mg/L| 0.035 | 0.070 - - - -- ND ND ND ND

12-- % ¥| mg/L| 3.0 6.0 - - - -- ND ND ND ND

1,2-- % ¢ *%[ mg/L| 0.025 | 0.050 - - -- - ND ND ND ND

1,4-- % ¥[mg/L| 0375 0.75 - - - - ND ND ND ND

| mg/L| 0.025 | 0.050 - - - - ND ND ND ND

» & i“p¢| mg/L| 0.025 | 0.050 - - - -- ND ND ND ND

¥ ¥|mg/L| 050 1.0 - - - -- ND ND ND ND

= % 7 %(% ) mg/L| 050 1.0 - - - - ND ND ND ND

# 7% | mg/L]| 015 0.30 - - - - ND ND ND ND
ME-1,2-= & © % | mg/L| 035 0.70 0.0239 0.0939 0.164 0.101 0.00525 0.00634 0.00510 0.00276

¢ ¥[mg/L] 35 7.0 - - - -- ND ND ND ND

P A% = Am mg/L| 050 1.0 - - - -- ND ND ND ND
Z % " %| mg/L| 0025 | 0.050 - - - - ND 0.0012 ND 0.00344

2| mg/L| 0.20 0.40 - - - - ND ND ND ND

» & 2% | mg/L| 0.025 | 0.050 - - - - ND ND ND ND

" F[mg/L| 5.0 10 - - - - ND ND ND ND

F-12-- % ¢ % | mg/L| 050 1.0 - - - - ND ND ND ND
= # % | mg/L| 0025 | 0.05 0.00358 0.00451 ND ND 0.00159 <0.00100 0.00148 0.00292
2% | mg/L| 0.01 0.02 0.0231 0.0548 0.212 0.0636 0.00263 0.00239 0.00202 0.00142

- % ¥|mg/L] 50 100 - - - -- ND ND ND ND

4 et mg/L] 10 — — — - - - 0.7 1.0 0.8

KpERW AT TP BREAFY - 5+ T RTEEREE B AT EIE R BAGE K T T RT R F AR
Mok 7 i FEH LA YAE A £ T TR F ﬁfﬂfmm DARE L DT R GfEFAHOE

53 -k 7

A F IR (09 3 fieH 30533

S31wPrhe EELFT S %
R T R kR AT (Rl R A R )
(1) 109 33+ F L7 = ok

® 109 ¥ F L RF MWI T-k=F ¢ '{%iféfi G2 1 mg/L»

Mok A FRFEELR Y (SRR PR MR TR L E A
£ (0.05mg/L) % ZpHEE (0025 mg/L) > ¥ ¥ A5 Rl A Y
NIRRT TR fRR A OT-1,2-2 & ¢ FOTERI8HE Y o FiRe
Dl SR PR (035 mg/L)

@ ok iF1R AMLFRGRERL R BRWE 4R

E% > JreR X2 F e AR G AHR I BTS20
AR K S 100 m/s BT o k7 L] m R s iE

¥ OE P R AF A AT o
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K7 LERHETY 1 & SR e RS R

® 100% ks s S B k7 AEL B % F(5 > LFLRBC G %
e T FF A BN REBRAME L ERITY o k7 1
BRI R ERE R RE A F -Gk
‘%ﬁﬁy’?ﬁ%?%W$ﬁﬁ@ﬁﬂﬁ%#%§»mﬁ¢ﬁ@g
T’"Jr# WERE L -
(2) 1104 Hos2 4 4447 & ok

® 1104k 7 L85 (e & % B3t 4 T 18k (CHERT) I
BRIT IR R EA G R Mk L R
Foes AT ER BRI URRD R

@ FALEI A Bt A dwp it AL AT
Fbjkiimﬁﬁﬁwﬁﬂ?“’ﬁ*gﬁﬁm%ﬁ@@HiMEi%’

kS
3w E e ﬂéﬁﬁwu~%&ﬂ%Wﬁ‘?ﬁ@ﬁiﬁ%%
sl o i G R R AFEFATEARLEL

Pk 109 10 E 110 #ok 7 L ERBR% B3 2 2k s 4

® MfRALEIE A S B TORTRR L § 202248 2 R 2 Tk
BRI e N 111#8 23p R v EH Y F A s Tk
AER TR Z A G WAL PR o

® i f5 “ 4th 2022 IEEE International Conference on Architecture,
Construction, Environment and Hydraulics (IEEE ICACEH 2022)” - **111
E12710p = = k4R~ % 4 > 2 48 5 T Using Waterjet Injection
Technology to Enhance Bioremediation of Chlorinated Solvents

Contamination | °

® . fs “ecoforum/SustRem?2023” R"ZF73d € @ AR 0 REF T € #
112107 10 2107 12p A2 ER A8 B %2 % 0 vk @
*112#10% 12p F =3 482 ¢ 3 (Theme 2: Explosives, Injections,
Intelligenceand CST) i& {7 v g # < % % » 2 38 5 " APilot Study of Using
Waterjet Injection Technology to Enhance Bioremediation of Chlorinated

Solvents Contamination | °

[ ] #Ff%ﬁiiﬁi g btaﬂﬁrrl%ﬁté; zo apEE (111/8/1~112/1/31) 2
AR LITE BT IFAIRIS BT WISE > BABEH IR B2 o
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532111 #-k7

PR

2023# 97

$1%

5 ‘ia“"t’\z‘f

PN Sl

A TS Y 1 R
ZRE MWI19-122 MW9935-05 F -k ¥ =
MELL2-2 & LN~ & LTk 7 A ERE
#5.3.2-1%77 o

405t dh
a%ﬁ%%ui%@é%

£
FEMSZERRT > R

pT=09:48

% 5.3.2-1~ k7 JLE% 15 1 MWI19-1 22 MW9935-05 £ & 5 4+ kR g1
= AP
111/11/30 K77 B (7
Bth 1 W [ 7 ie ) A0 8 M ok o0 ik B )
MW1S1) Fin [veseasfsarums] 101/06/16 | 111/07/07 | 111010003 § 111/12/12 | 111012426 | 113/00/30 | 192/03/27 | 113706712
M=o mpll) 035 oo 000024 | 000650 ool 0.00370 000e1a | 000152 | <0.00100 0.00139
ZRoMimgl] 0005 | 005 | OON15 | QRS | QOGS D% o1l | 00143 Lol [
#{.ﬂ mgfl ] oo 0.02 KD D | ND Lt <l:}l‘.|01m ] NO ND ND
— |  Milam (koade) | 2 2 MEal (kounlN) 2
WOWOSE5 O8] 5o [ans=ss|srnes| 11170607 | 111507707 | 11josy26 | 11112713 | 1112026 | 113/01/30 | 112/03/27 | 11370802
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