
Remediation of Chlorinated Ethenes 
Plume in Denmark by Retardation and 

Enhanced Biodegradation 
– Lessons Learned

AquaConsoil, September 14th, Prague

• Nina Tuxen, Capital Region of Denmark
• Dorte Harrekilde, Lars Bennedsen, Rambøll
• Mette Broholm, Annika S. Fjordboege, DTU Sustain
• Gareth Leonard, Regenesis
• And many more!



Introduction Motivation
• Alternatives to Pump & Treat?
• Effective, economic, sustainable
• Passive in situ techniques attractive

Aim of study
Comprehensive proof of concept
• Distribution of amendments
• Documentation of processes
• Risk reduction
• Recommondations for future use

Ambition with this talk
• Illustrate that it works
• Highlight some important challenges
• Draw your attention to our massive dataset



Liquid Activated Carbon
(Plumestop)

Contamination

Bacteria

Concept – combined sorption and degradation

+ donor

Presenter Notes
Presentation Notes
+ donor to ensure optimal conditions for bacteriaRegeneration of sorption sitesIn pricinple: quick injection and then only monitoring



Pilot test site

Typical Danish situation
• Sandy aquifer

• K= 2-6 x 10-5 m/s
• Vp: 5-30 m/yrs

• Plume
• TCE: 500-1200 ug/l
• 30 m wide, 12-21 mbs
• Mass Flux: 150-300 g/yrs

Presenter Notes
Presentation Notes
Mainly show results from transect 4 in the center of the plume along the flowline. Until M8 – last monitoring points only recently



A few pictures



Massive dataset
• + 70 monitoring wells
• 13 monitoring rounds (and counting)
• Supplementary laboratory, field tests and modelling
• 6 student projects (incl. MSc and PhD)
• Multiple documentation tools

Documentation
tools

Presenter Notes
Presentation Notes
Need for reinjection. After 1st round: lots of donor and a stimulation of naturally occuring bacteria to degrade from TCE to cis-DCE. Limited sorption and further degr.Reinjection: closer spacing, larger amounts of amendments, protection of bacteria from low pH, nutrients and vitaminsHave complicated interpretation of results



Distribution of amendments

upgradient downgradient

NVOC

CH4

SO4
2-

Dechlorinating bacteria

Presenter Notes
Presentation Notes
Distribution proved to be the most challenging part of the project. Could give a whole talk on this. Aim was to prove the concept, so that will be my focus, but you can read the report.



Distribution of amendments

Water colour

Soil colour

Presenter Notes
Presentation Notes
Distribution proved to be the most challenging part of the project. Could give a whole talk on this. Aim was to prove the concept, so that will be my focus, but you can read the report.



Conceptualized results of distribution

Liquid activated carbon (Plumestop) Donor (NVOC) Bacteria (DHC)

• Heterogeneous distribution
• ”plumes” rather than circles
• Distribution best in higher flow zones
• ”easy” to distribute donor
• Bacteria extends beyound injection zone



TCE cis-DCE
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Sorption
• Quick sorption of TCE
• Also (less) sorption of cis-DCE and VC, but 

more complicated interpretation

Reinjection



Degradation
• Complete degradation

downgradient 
• (Effect has not reached lowest

screen in GP21 due to slow
water velocity)

• Donor has spread upgradient
involving degradation to cis-
DCE

Ethene

29 mth after reinjection



Degradation - CSIA

B

Baseline

29 mth after reinjection

• Initial isotopic signature of TCE of -21 to -22‰

• Clear evidence of degradation of TCE and cis-

DCE (enrichment in 13C)

• CSIA shows both production and degradation

of VC

• Analysis generally challenged by low 

concentrations



Revised conceptual understanding

Degradation
cis-DCE→ VC 
VC →Ethene

Sorption
TCE

(Cis-DCE)
((VC))

Degradation
TCE→cis-DCE
cis-DCE→ VC 

(VC →Ethene)

Degradation
(TCE→cis-DCE)



Lessons learned
• In situ plume remediation by combined sorption

and degradation works
• processes proved
• Risk reduction (>95% mass discharge

reduction)

• Main challenges
• Distribution of amendments

• Especially liquid activated carbon and 
bacteria

• Documentation

• Likely a more sustainable method compared to 
Pump & Treat



Recommendations
• Ensure adequate distribution

• Monitor during injection
• Accept non-homogeneous distribution
• Expect reinjection

• ”Nurse” bacterial population

• Regenesis advise to co-inject ZVI

• Read our report

https://kmiregh.kontainer.com/folder/267736

nina.tuxen@regionh.dk
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