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LNAP — DNAPL problem AL, Why thermal treatment ?
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NAPL = Non-aqueous phase liquid (not miscible with water)
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AR, Fluid properties - f(Temp)

“cold” Thermal Enhancement Steam | High Temperature
SVE | (e.g. Geodesorb, Joule Resistance Heating) Injection| Treatment
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‘_CiLk’r Steam distillation

Increasing temperature:
and vapour pressure
» Water: factor 20
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Thermal In-situ Technologies

Convection -> Conduction Ohm di-electric

Electric RF- / Radio-
Resistance frequency
Heating Heating

» organic compounds (LNAPL & DNAPL)

» increase of vapor pressure of contaminant by heating of subsurface /
steam distillation
=> by factors enhanced extraction rates

> Extraction of contaminants as gas (SVE Soil Vapour Extraction)

» fast and reliable (and controllable) remediation process
=> selection of technique dependent on site conditions and
“composition” of contaminants (mixtures)
= expert knowledge required
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Operating Windows

10°C 50 °C 100 °C 150 °C
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thermally steam destillation contaminant transformation

enhanced (co-boiling) due to other chemical
microbiology of many LNAPL and DNAPL processes

— ! =
natural thermal soil drying

subsurface in-situ remediation

temperature
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Steam — Air — Injection (SAl)

Extraction of Contaminants
(mainly via SVE)
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Characteristics

Steam-Air-Injection
(SA1)

l Heat Fronts
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Conductive Heating
(Thermal Wells)

Electrical Heater l'] 11 Soll Vapour Extraction (SVE)
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Characteristics
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‘_Cihor Radio Frequency / RF Heating b | ' Guidelines and tools
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‘J_Cill_,lg,.q Field case: Steam-Air-Injection Site Karlsruhe Durlach
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ACiIﬂor Historical City Karlsruhe Durlach Contamination

“ [=7]

Groundwater contamination:
plume: > 300 m
PCE concentration up to 350 pg/L

O. Trotschler, H.-P. Koschitzky, Steffen Ochs, Stephan Denzel
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ACiLk,,. Geology / remediation concept

Steam-Air

Injection Soil Vapour j{ Groundwater

Heat Front Extraction
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Coarse Gravel




AR, SAIl below the building L %Lior Drilling and installation of wells
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Field installation: remediation [ L Temper:;‘:;ﬁgdfevrﬁ';’dﬁ’a"ﬁe::
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Heat propagation:
compartment 2
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Contaminant removal by SVE

—CHC[mgi]  =—=massCHC (kg) |
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Development of CHC in
groundwater
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drinking water limit: CHC <= 10 pgl
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CiL Summary and some numbers of
A _hlor o
remediation (1)

» Total duration incl. drilling works 70 weeks

» Duration of remediation 42 weeks
(ca. 30 weeks steam-air injection)

» Contaminant removal mass 500 kg CHC (incl. pilot)
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CiL Summary and some numbers of
A _hlor o
remediation (2)

» costs total budget ca. 600.000 €
- 25% drilling and construction
- 25% consumables, energy (mainly gas for steam production)
- 50% for plants installation and operation
= specific costs: ~ 180 €/to soil

» Energy balance: 470 kWh/m3 soil (84% heat; 16% electric)
total consumption: 780 MWh (thermal energy)
153 MWh (electrical energy)
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QS Wior Therefore ISR AL, Conclusion

> ISR can used under difficult and narrow ISR can help to solve our contamination problems

conditions (even below buildings) But - no “universal” remedy exists

ISR reduce remediation time at minimum by one use ISR carefully > expert knowledge is needed

order of magnitude Detailed site information is needed to chose an
ISR can reduce the total energy consumption by optimum solution

a factor 2 Invest money in a serious site investigation

Cost for subsurface heating and on site Invest in (lab experiments, special problems) and
treatment (Soil vapour and groundwater) are pilots

approx. similar
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ACiLlo.- ... at the very end

Thanks for your patience
and your interest
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