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~R Inyvestigating. Remediation Reagents Injection and Rainfall Effect by using Selt-Potential Method in a Soil and Groundwater

C
2
(o)
Z

. mﬂnmmm

Chuang Yu'ng-@hfi@hl ChenYChienzChihygWansylizuzRinkZ2DonsylienzHsinepiChenyy Ts«u'ng“ WinySuzilienyandiHo, Ch'mg-J Caminar jack305688@hotmail.com

1 [ ] [ J [ ] [ J 6 [ J [ J [ J [ ] [ J [ J
National Central University, Taiwan °Chien Hsin University of Science and Technology, Taiwan Geophyszcal Technology and Engineering Co., Ltd., Taiwan Apollo Technology Co., Ltd., Taiwan > Forever Geotech Consultants Co., Ltd., Taiwan Environmental Protection Administration, Taiwan
.D Ab str act . Interp retation (a) 8 inversion J (mAn®) and Electric Potential Distributon (mV) 20150801 regional increased electric potential located in 10m f(a) s S 'nvers'onJ(mNm ) and Electric Potential Distribution (mv) 20151022 N between daily rainfall and charge density variation above -5m has 1 day time lag (see Fig.11). It is reason-

: . . N . . . —— RN L A CRRRE R af a depth of Sm in Line I (see Fig.7). Its highest in- & T ® e ... ablebecause the daily rainfall don’t be directly associated with soil water content. In order to fit the data
.Thls poster presents the use.of tlme—laps.e SP (Se.lf—Potentlal) monitoring system to investigate remedi- 3.1 Groundwater Flow Dlrecthn | < creased potential is 80mV. Furthermore, because its &, [ SR ESEEEE == ip linear regression, we use the Horton’s infiltration model™®I'! to evaluate the infiltration water which
ation reagent injections and rainfall effect in the soil and groundwater contamination site. Based on the theory of streaming potential, the  [ESSEEEEEEE NSREEET " - 08 flowability is higher than the injected reagents in _ [ISSESEEEEE:: . ‘=mww contribute to the increased pressure. In this study, we use the new name “efficient rainfall” to represent
-20 0 20 40 60 80 100 120 - - . . = . . .
From the daily SPTs (Self-Potential Tomography), we get the following results, positive potential points out the d.oqutream d1r§c- e CEueomE s aseessozne Oct. we also observe the increased potential diffuse B et sy ™ mm " awseihas et the increased pressure due to infiltration water,
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(2) Infer the near-surface artificial structure and the forefront of contamination. II, we determine the groundwater flow direction 1s SN L | ' . o gl VS % | B - U : - - . Rainfall and Charge Density Variation of SPT above -5m from 20150801 to 20150916
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(3) Monitor the reagent injections from 13™ to 18™ Oct., 2015 and from 23" to 25™ Nov., 2015. NE (see Fig.4 (a)(b)). It 1s consistent with measured 4.3 Rainfall Effect in SPTs = SERREUREEN 0000000000 tio: B is d , tant; ¢ is time (day). W e T === B
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(4) Evaluate the Apparent Hydraulic Conductivity from reagent injections. data (see Fi1g.9). . . - T TR . - Inversing SPTs with SP data which 1s response to o e . = leulate th It yne | Gon f SPT dyt | Dl geton D g e e tion §J/ \‘\ % 1| Ny Tie Logs |
. - . . S o0 calculate the voltage variation from s, and trans- SAR RNt
(5) Show the SPTs response to the rainfall effect. “lteration=03 chfoo 0015 ?ﬁq) ® ® juse=oa3emv  rainfall effect, this study show the potential distribu- fteration= 05 ch2=200.o114 ® X(m) > * RMSE= 16833 mV/ for rainfall into o %11 ated infiltration at,er  equa Ef \ IR
(6) Evaluate the Streaming Potential Coupling Coefficient from rainfall effect. 3.2 Near-Surface Artificial Stl.'ucture N (€) | 8_Inversion J (mAim") and Etectric Potential Distribution (mV) 20181020 N tjop) yariation during SP rapid changing and recovery (¢ oS mwersen” () and Bleere Potentil Distibuton (mY) 20151028 , o d SRR IEEEEERERE SRR 5
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Conductivity, Streaming Potential Coupling Coefficient negative p otential (>100mY) at a depth of clred 10m tent with the potential distribution from groundwater ~- B from typhoon event, and A e;nd 8. from conltinu— | L1y 8
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Chlorinated organic solvents represent a significant contami- | “==="t oo resee | mechanism , we contribute these near-surface 'S Y i B LB i - N therefore enhance streaming potentiall!!lt=], . e+ | B
. . . is ! IEBAP IS O g i v tential t buried artificial struct o . .. cient 1s 0.1830mV/m, compared with the empirical
nation problem Geophys1cal techmques can not only cover spa- o iy | i @ P potential to Some ouricd artificial StruCturces. Fig.8 SP1s response to the rainfall effect. (a) In stage B, the upstream direction shows the negative SP. (b) In stage C, the positive . 0 |
tally ex tensive. areas, but also deploy at higher temporal sam :i Eéi 1 & @E @d o SP in downstream and negative SP in upstream are enhanced. (c) In stage C’, all the potential decrease gradually. equation IOgIOCS=-0-921-1 -09110g100f[ l, the conduc- |
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contaminated sites. Among such techniques, Self-Potentia O s L, N ;| € | biochemical ' dl'9 We infer the rel l B - ° ink i Fig.11 Daily rainfall and charge density variation above -5
. 7 , ' BT < 2 . 1ochemical reaction occurred''”’. We infer the rela- _ . . . - 5.1 Evaluated Apparent Hydraulic Conductivity from groundwater sampling, we think it may be {18 /! Daily rainjaii ana charge densily variation above -Jm.
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method 1s directly related to the hydrogeophysics mechanismt. L] ;:::@ b i <& v @ o | tively strong electric current located at 20m in Line Fig.4 SPT5 in Line I & Line II. The arrow means the current Based on other researches!l'’!, we set two fixed points A and B to get electric potential time series in caused from the high clay content in research area. Zf;;rzji ZZZ??ZZ: shows that there is 1 day time lag be
1.1 Electrical Double Laver . 5 g : R I has rela.tu.)n Wlth .the contamination, becausq after density, and the colorbar is SP in log-scale. | the 1njection area. Then, calculate the necessary time for equal electric potential line to pass through (2)_Eficent Rainall and Votiage Varaton above -5m rom 20150801 10 20150915 1 (b) _Eficent Rl and Votage Varation sbove 5m from 20150801 to 20150916
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form the electrical layer called Stern Layer. On the other site of Fig./ Sketch of the electrical double layer'. After remediation reagents injection in Area 1 " E gi(; 1};2)1 e]gu\ft;etvzlflvee 0 5762(8)110; ni/(itaslgfais ‘[Clzsseere 1/(2)1 T ivalua’:fad gpp::enﬁsdgulic Cﬁisct%it)(e d data (see £ 100 11 g%om %m | °8 5 1o 3
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’.[hIS laye.r, so-called Diffuse Layer, its Coulomb forces are weaker than inner parts. Therefore, the 10ons fro.m 131 to .1 8t Qct., 2015., daily S.PTS show a ‘) £ most of well data. We think the different evaluated .| =E£ZIﬂZIE§ EEAE IQ}ZiZﬁEE:Z:; Hs | | 55 om AN
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positive and negative potential distribution at both sides. It 1s also called streaming potential. 40m at a depth of 5m in Line I (see Fig.5). Its poten- 2 different flowability of remediation reagents. R focci vy, g | IRRREER | BRI .
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gradually. It may be caused from the chemical poten- - - e . 5.2 Evaluated Streaming Potential Coupling > - e | |
In this study, the research area 1s located in Yung Kang, tial of reagents. A Coefficient B e ———————— — ] ooos|——e-°. |
Taiwan. The contamination is detected in 2003, including & Apart from Line I, because injection area 1 1s par-  ° Because the precipitation could enhance the ¢ | - __________________________________________________________________________ e - _ Ceee, | 4 | |
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zation consists ofpaleo—rlver alluvium of Holocene, which 1s by : B potentlal from 53m to 68m 1n Line II (see Flg.6). Its potentlal based on electrical double layer model, the = e - Fig. 12 Evaluated streaming potential coupling coefficient from the evaluated infiltration water and voltage variation. (a)Solve the
there is backfill soil above 3m, and followed by 4m Silty clay g %, S| AP=C AP < 11 > 05_—— filtration water and valtage variation. The evaluated streaming potential coupling coefficient is about 0.1830 mV/m. Compared
: ¥ e 4.2 Monitor R ts Iniecti in N TR Y S ' e | & e s 0 with the empirical equation log C =-0.921-1.091log 0[20] the conductivity of the pore water is about 0.68 S/m.
layer, 7m fine sand layer and 6m silty clay layer. N . onitor reagents injection 1n INov. | ‘ °  where. ¥ is streamine botential: P is sroundwater ¢ R S S S L PO . 10~ 10
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After remediation reagents injection in Area 2 '8~ Daily SPIS variation in Line I ajier reagents injection : : : - Depth
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- fi D 3rd 25t N 2015, daily SPTs sh : . . Fig.9 Comparison between the measured hydraulic conduc-
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11C : extended n _. Or a engt 0 m wit e CC- Fig.2 Map of the ﬁeld. site Wlth.SP 597/”' vey lines. L (e e Ry 4= 2 - (a)_20 Self Potential due to the Remediation Reagents Injection in Area 1 (b)-m Self Potential due to the Remediation Reagents Injection in Area 2 near-surface structure and the forefront of contamination. Besides, we SUCCSSfllHy (3) monitor the reme-
trodes.Line II extended in E-S for a length of 35 m with 7 (a)There are lots of buried waste in this study area. — _ * : : 12 = 5 ERERRRER ERERERRREEE BRERERERE RERERERERREERE N S : :
, e . E 10 | | = E g EREREREEEE SERERERER RN NERERERERE | dation reagents injection in two different areas, and use these daily SPTs to (4) evaluate apparent hy-
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1g.2). These VO INUTHary pLIpEREICUAn SUTVEY INes record IR - ot 2 (b} , B Eiecbic Potariial Distibution Varation () 201S102320181010) W z = g T T aERERERERERED | sure. In the end, this study also (6) evaluate streaming potential coupling coefficient from the rainfall
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SP median dataz3]\)ve calculated daily SPTS with a PUthhed [ | - stage C-C' ostagen|, Y g : E s TR e nEEE R Geophysical techniques such as self-potential method is useful for imaging the underground environ-
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tential distribution. " i : X(m) X(m) 0w _ EEE el SIEEEREREN | of fast, cost-effective, fully spatial resolution, and continuously monitoring. In order to get more objec-
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method. BeSides’ by subtracting the revis.ed data from origi- , apid changing periods due to rainfall effect; stage  from 13" to 18" Oct., 2015. The dashed black square points out from 23" to 25" Nov., 2015. The dashed black square points out  ¢jycq 5.92+(.94 days. The evaluated apparent hydraulic conductivity is 0.57+0.08 m/day.(b) The passing time of the equal-poten- EPA-103-GA12-03-A296 of the Environmental Protection Administration, Execu- '
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