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| Project objectives

* Optimization of electrochemical zone(s) for complete degradation of the harmful chlorinated solvents and their chlorinated degradation products in natural hydrogeological settings as a precautionary measure
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Il Motivation

 Chlorinated solvents threatens the quality of groundwater and cause health Reduction  Half-cell reaction [5] E° [V] * The field realistic parameters « This project and conference
risks [1]. Consequently, extraction wells for drinking water are closed PCE C,Cl, + H* + 2e-— C,HCl, + CI- 0.43 Sampled groundwater Conc.  Sampled groundwater Conc. Sampled sand attendance is funded by
. : TCE C,HCI, + H* + 2e-— C,H,Cl, + CI- 0.42 PCE [ug/l] 40 Ca** [mg/I] 370  Porosity [%] 31
 The compounds propertles challenge the current treatment systems | 2073 ) Bt TCE [ug/l] 30 K* [mg/I] 4 Grain density [g/cm?]  2.57 # T m—
Cis-DCE C,H,Cl, + H* + 2e— C,H,Cl + Cl 0.31 ) . \
. . ® o ® . Cis-1,2-DCE [ug/I] 70 Mg?* [mg/I] 30 Carbon content [%]  0.95
\‘ / N N V4 0} P Ve CoHyCl + R + 26 — CoH, + CF 0.38 Trans-1,2-DCE [ug/I] 1 Na* [mg/l] 25 Chalk content [%] 15
°=° - - 0/ \, ) N/ \, Oxidation Half-cell reaction [5] E° [V] VC [ug/l] 0.1 Cl- [mg/I] 45 d(0.1) [mm] 0.2 OO\V[f d
e o e . d e ¢ SCE CH,CL + 4H,0 — 2CO, + 10H" + 8o+ 21 0.70 pHT 6.9 NOy [mgl] 4 d(0.5)[mm] 0.4 Oo1daderl
PCE TCE DCE Ethylene VG C,H,Cl + 4H,0 — 2CO, + 11H* + 106+ CI 0.50 Conductivity [mS/cm] 1.7 SO,4 [md/l] — 400 d(09) [mm] | 0.9
‘ ‘ C ‘ ‘ O ‘ ‘ C ‘ ‘ C C * Focus has been on the influence from electrode materials [6,7,9] and I}’gg:'l;i;f"(mg“’“ m‘Nz I
« Commonly used pump-and-treat systems for hydraulic containment are long- configurations [7,8], and of system parameters such as current density
term solutions with substantial operation and maintenance costs [6,7,8,9,10], flow rate [6,7] etc. in spiked, synthetic liquid phases
. : : - - . 'TI|  Technical Universit : e :
 Optimized means of protecting the groundwater from these contaminants are| |* Knowledge gaps between state of the art and field implementation: DTU of Demmark S
requested. We propose, establishment of electrochemical zones for in situ * influence of naturally occurring geochemistry and aged i - O -{ S (
degradation of chlorinated solvents and degradation products. contamination at natural groundwater temperatures -
lll Relevant chemical processes V Method VIl Challenges and opportunities IX References
Reactants can be generated and subsequently » We have designed 1D and 2D experimental set-ups targeting » Contaminant fate when no current is applied is unexpected; upon test s gt el psgs alon paelo-12s.
reduce or oxidize the chlorinated solvents [3] c (Wi c electrochemical plume control in field realistic designs completion, dissolved and gaseous fractions are low. \WWhen current is SB0T850. DOL 10-0ZVeR0ZOA005, o el BT
- - - 2 TN - - i i - electio-gonerated 2 and O2: A sniftn pattwey flom hydrodechiorination 1 oxidation i tpe
and fast electrochemical reduction of chlorinated .7 \ + allows for assessment of single parameters; current density, applied, these fractions are high in proportion. e e e S b0
solvents near the electrodes can be obtained [2]. (.5 flow and electrode material, and power consumption, lateral . Alterqtlons In redox condltlops Induce e.g: dep03|t!on and eve.ntually | sctne reaclon i Fo(0)paricie, Eniron. o Techno 34 200) 17541805, DO
TCE . . . . . [5] T.H. Wiedemeier, H.S. Rifai, C.J. Newell, J.T. Wilson, Overview of intrinsic bioremediation, in:
' | \ dispersion of reactants, electrode configuration and spacing clogging of the pore spaces in the geological matrix. One design solution s i €l e e oo
- Radlcals + I' . d' . FI h h f I d may be Short-term pOIarIty reversal- ;2]8)’(\]:5780271(1974%.F llahp A. Ciblak, J. H d, |. Padilla, R. Loch-C AN
o CL\ /H ° . - . . . . .ao,.uan,.ag ogr,.la,.oyvar,..ala,.oc-gruso,..
H*, OH*, SO,", CO5™, HO," oot re.fh'cates S';e Co? 't',o”?: O‘;"; Crl‘z"fg O ”Zt“ra 9_][0“” ";’at_e': - Present geochemistry competes with dechlorination for electrons, e.g. Astavouten, ool e et baries o fnamlon o 1 o
8 trans-12- cis- . . . . . 10.1021/es301711a.
‘| / N lm St common arour 3 vato Iﬁ w Inda omoeratures reduction of carbon dioxide to methane followed by polymerization to 1L e, Pl 1L Attt of s s ok
i UL at common groundwater flow rates and temperatures ethane and oxidative dehydrogenation to ethylene [11]. These hydro- e shavabion, Elctochontcal ransormatn o
—(=(C—H N - . . . . . trichIoroethyler\e in aqueous solution by electrode polarity reversal, Wat. Res. 67 (2014) 267-275.
HLCTMC H_/C] ;\Hd 1 CAS ouTLET Carbons may Interfere Wlth the reSUItIng maSS balances Of deChlorInatlon' I[2)]OII_ 1£é;i21l?llj.lz\;al;{;isp.c2>8r14E.O£I2’.gc1ﬂ2ha A. Alshawabkeh, The influence of cathode material on
12 13 Yl chlonde ! elect.rocher,nic-al degradati,on-oftrichlo;oe-thylene in aquéous solution, Chemosphere 147 (2016) 98-
18 104. DOI:“10.1016/j.chemosphere.2015.12.095. . fon o
C. compounds \ " l o - Some precipitates formed may improve the abiotic dechlorination of Eﬁ%ﬁ%ﬁ%’;‘g{?ﬁo{;g%%;@ﬁﬁﬁ;ﬁ'g“igqggrzgmiﬁﬁil.E'c?f;d‘;‘f“f Ermiron Cham. Eng.
o=’ . . -202. +10. Jece. .10.030. ' . . '
| W chlorinated ethylenes, e.g. magnetite and green rust [12]. et ot i low omperatire s KHIGO, a5 Eraerocem. Sus 135 000y
Hydrogenolysis ' ‘o . . . 1772-1778. DOI: 10.1149/1.2086796.
B—elimination [19 ° The red uced Condltlons N the prOX|m|ty Of CathOdeS Vlsua”y appear to L12]Y.T: He, J.T. Wilson, C. Su, R.T. Wilkin, Review of abiotic degradation ofchlorinat.ed solvents
] ] ] ] y reactive iron minerals in aquifers, Groundw. Monit. Remediat. 35 (2015) 57-75. DOI:
d C:H, [4] en hance mlcrObIaI grOWth- Dependent On the mlcrObIaI CUIture, [110?;]1;.1,10\/3;,;/2211,?0\1.15-an03a, P. Reale, S. Rossetti, S. Panero, M. Majone, Microbial reductive
H ti ethane . . . . dechlorination of trichloroethene to ethene with electrodes serving as electron dronors without the
R biodegradation of the chlorinated ethylenes may establish [13]. extema con of ecox meditors, Bclchnol.Boeng. 103 (2009) 6591, DO




