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Benefits from using some of the new technologies

* Cheaper, faster, better solutions to some problems

® Solutions to ‘unsolvable problems’

* Higher remediation efficiency in some cases

® |Less disturbance of site activities

* More sustainable/environmentally friendly techn.
® Strenghthened coorperation with Universities etc.
® Exciting coorperation with experts from abroad

* New ways to coorperate with consultants,
contractors etc.

£ * Branding opportunities for the project owner etc.!!

* Fun and challenging work for everybody



Implementing novel technologies in Denmark
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Implementing novel technologies in Denmark
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Conseguence

* Expectations/promises not meet: Dissatisfied site
owners, contractors and consultants

® Unable to reach site closure — follow up activities
* Too expensive projects

* Technology left with a bad reputation and
sometimes abandoned

* Unwillingness to do it again!



Concerns when introducing new technologies

es * Unfamiliarity with proposed technology: New,
different
Yes * Lack of competence/experience locally/nationally
NO * Difficult to get hot-line to top-competence
Sometimes ® The technology has not yet been thoroughly

developed and proven

Yes ® Consultants/Vendors promise too much
Yes ®* More expensive and uncertain first time
®* The conditions IN OUR country is different:
NO * Geology
Sometimes * Size
Yes' ® Regulatory issues
Yes * |evels of documentations

Yes * Funding



Challenges and Status

Pre Thermal Remediation Post Remediation

* Most technologies are stilliinsufficient in heavily
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® |s partial remediation an option?



The challenges of source zone remediation
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The challenges of source zone remediation

| Flow by-pass due to contamination 1
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* Dissolution kinetics




The challenges of source zone remediation

* Low permeable/dual porosity sites

1) Free phase spreading:
0 — 1 mth after spill into matrix




PCE and MnO, profiles in weathered clayey till

Courtesy of Mette Broholm, TUD
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What can we actually achieve
with the technologies?



Removal efficiency in source zones

Thermal: Steam, ISTD, ERH

> OF 0y Radical oxidation: Fentons,
persulfate, Regen-Ox

Homogeneous sandy soil

(Oxidation: KMnO,/Persulfate)
I

Sand Oxidation: KMnQO,, Persulfate,

ozone, H,0,

50 — 75%

(Enhanced biological
degradation)

(Air Sparging/SVE)

Enhanced biological
degradation

Air Sparging/SVE

Free phase pumping

Volatile/semi-volatile _
contaminants: Oil products, Surfactant flushing

chlorinated solvents etc.

< 25 0p Pump & Treat




Clay and silt

Removal efficiency in source zones

> 95 %

Thermal: ISTD, ERH

(Radical oxidation: Fentons,
persulfate, Regen-Ox etc.)

50 — 75%

Radical oxidation: Fentons,
persulfate, Regen-Ox etc.

Oxidation: KMnO,, Persulfate

Enhanced biological
degradation

Air Sparging/SVE
Free phase pumping
Surfactant flushing
Pump & Treat
Phytoremediation
Natural attenuation




Flux reduction / contamination control (NOT remedia  tion!)

Pump & Treat

_f’ﬁ (a (™ = Passive SVE
| | SVE
alin
<d Enhanced natural
attenuation

Enhanced reductive
dehalogenation

Reactive permeable
barriers:

Zero valent Iron

Oxygen diffusion
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