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Contaminants

100 t organic *  Parathion

= Other pesticides

= Degradation products, intermedeates & byproducts
=  Solvents

= Chlorophenols

7 t mercury =  Soluble salts
=  Acid soluble salts
®=  Organically bound
=  Elemental

=  Sulphide

50-200 t sulphur
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Conseptual site model
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Remedial targets

Target volume 99 000 m3 - 19 400 m?2 - 6-8 m bgs.

Compounds and soil Above Below
concentration in mg/kg dw -1.5m -1.5m

Organophosphate pesticides 0.1
2 Chlorophenols 3
2 Phenol 70
> BTEX 25
Mercury 3
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Are 1000 - 4000 mg pesticides per
kg soil manageable?

Will we achieve the required
reduction of mercury with the
particular speciation ?

Q)w to manage health and safety?
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Lab study results ¢

350°C for 2 - 4 days acheives target
< 1mg/kg total mercury
< 0.01 mg/kg pesticides (< D.L.)

50 - 85% destruction of parathion
Solid condensates

- Sulphur

- Partially decomposed organic contaminants

Soil color dependent on aereation and heating rates

No risk of thermal runaway
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Pilot scale design

350°C target temperature
Aereation via perforated pipes

Heated extraction line

N Safety
valve

Catalytic
oxidizer

-
<

LEL monitoring

Closed box

- Inert gas blanket

- Relief valve vent through sand and GAC

Decomposition rate modelling

Extensive safety precautions when filling the box
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25 m3 box

GAC S-impr.

Liquid/gas Blower

separation

Conden

GAC

Condensate

Release Rate [kg/hr]
o

Ethane - Release Rate

Nitro-Phenol - Release Rate-

T(Out) Oxidizer
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Tima Fdauel
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Pilot scale operation

Initial heating challenging:
- Sulphur condensation blocking piping
- Rapid pesticide decomposition — high LEL

Sulphur oxidation made operation easier mg/kg
500

[T

Soil Mercury concentration

Catalytic oxidizer is vulnerable 450 1%
400

Mercury is released slowly 350 «g
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Pilot test results

Langdeskala temperaturmaling (cm fra enden af vammelegemers yderrar)

0 100 200 300 400 500 6500

Pesticides are remediated at 200 °C — Provetaguingsiuger —___
99.9% of parathion is destroyed in-situ , Tistreekiqligt beumet Y 3

478 46 525 939 24/48 527 - 204 447
99.5% of mercury is remediated at 350-500 °C
- even though mainly present as mercury sulfide 1o
- if sufficiently aereated 441 085 551 584 16 578 [ 527 400
Catalytic oxidation not suited =2

361 23 489 M2 065 536 - 483 346
LEL managed by controlling heating rate

Sulfur is a challenge:
Elemental sulfur condensate as a solid -S0,/S0O, is corrosive

Heater cans are severely oxidized
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Pilot test conclusions

Remediation targets can be met:
- Temperature > 350°C to remediate mercury sulphide

- Sufficient aereation to oxidize mercury sulphide

Flammable gasses must be release at a controllable rate
- Slow heating

- Sufficient ventilation

- Monitor LEL

Sulphur oxidation is preferred

In situ remediation is preferred
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Challenges for full scale

Site and location:

- Close to the sea

- Part of treatment volume is below sea level
- Protected natural reserve

Thermal treatment in situ

- Heat loss at the sheet pile

- Leakage through the sheet pile

- How to assure target temperature at silt layer

Treatment plant e __ K Al ek
- Low discharge concentration permitted to the sea S o
- Biological wastewater treatment challenging

Hy aigeveg

By senhosining

L U ol

L C T —

Eksmtarende spunsvesg
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Full scale ISTD design

Additional sheet pile extended to clay layer
- Much more predictable heating at existing sheet pile
- Longer sheet pile is easier to reuse

Pumping water below silt layer after remediation of
pesticides.

Two partial volumes treated at different heating rate to
optimize treatment plant and utilities

Thermal oxidizer to meet water discharge requirements
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Full scale ISTD design

Heater stick down through silt layer

Flood protection

‘pesticides are remediated
il  AIERARA

_________________

Frordinfueng s marin iy
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Split volume thermal design

- Temp A (0C) - Temp B (0oC)
Differentiated heating

rate for high (A) and
low (B) concentration

400

Zones

300

200

Temperature /oC

100

0 100 200 300

Days of operation
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Split volume thermal design

Total ventilation flow - Temp A (0C) - Temp B (oC) -V air tot (Nm3/h) right - H20 tot (kg/h) left - SO2 tot (kg/h) left
and extraction rates og 400 10000
water vapor and
sulphurdioxide
300 7500
200 5000
100 2500
0 0

o 100 200 300

Days of operation
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Treatment plant load

== Xylene tof (kg/h) L == Cresol tot (kgih) L Dodecane tot (kg/h) L == Trigthylphosphate tot (kg/h) L == C1 &CZtot{kg/h)R == NFtot(kgh)L == Sulfurtot{kgh) R == Festtot (kg'h)L Hg tot (kg'h) R
Extraction rates of main 30 10
contaminants. :

8
§
-
= 6
2
[4s]
{5
o=
i=)
i) 4
g 10
=
= Tamp A ) - Tere B jol) LIJ
/ :

: ! /

I,! 0 /" .f’ —

'; A Iy / /\ H

= —— 0 0

0 100 200 300

S " Days of operation

Battelle Chlorinated 2024 KRUGER O VEOLIA 16



Conclusions

A conservative design is required

- Pilot testing show that process is sensitive to temperature and aereation
Allow for enough heater power to reach at least 350°C
Make sure ventilation is sufficient
- Remediating the pesticides give off 15 t of flamable gasses besides the 10 t of solvents
Make sure the ventilation will handle the load at safe concentrations
Allow sufficient time for slow controlled release of flammables
Consider oxidizing to avoid releasing the 15 t of methane, ethene and ethane

- Flooding during storm conditions is a risk

In situ remediation minimizes the consequences of a flood exceeding preparations

Battelle Chiorinated 2024 KRUGER () VEOLIA

17



Acknowledgements

Miljg- og Fedevareministeriet muDP, Grant 2103
_-— Miljgstyrelsen

m] dt Anja Melvej, Morten Bondgaard

regionmidtjylland

(‘ CHEMINOVA Casper Stoubzek Andersen
DTU Energy I]TU
Conversion . o

oD
a2

Lars Cleeman

Jacob Brix

Colleagues at Kriiger

Battelle Chiorinated 2024 KRUGER () VEOLIA

18



Questions?
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