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European problem

� Chlorinated solvents in urban areas

� Doing nothing is not an option !

� Working on an integrated approach

� CityChlor!
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Partners CityChlor
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Case Utrecht
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Some figures:
• Volume plumes 125.000.000 m3

• Number of plumes ?<20

• Poluted surface > 9.000.000 m2

• Depth 5 tot 50 m-mv

• Number of wells 750

• Length filter-section 15 kilometer

• Monitoring 500.000 analysis

• Estimated costs € 17.000.000,-

• Remediation plan 2010

• Duration 30 years
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• A technical approach which 
makes it possible to 
remediate, monitor and 
control multiple groundwater 
sources and plumes within a 
fixed area
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Bio -washing machine

area oriented approach
Fase 1;

Station area

ATES installed in polluted aquifer
• Mixing of polluted groundwater
• Physical / chemical / biological 

changes
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Think -Tank: 
Working on a Conceptual Site Model

Which knowledge of the 
subsoil is needed to 
optimise and monitor the 
Bio-washing machine 
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Bio -washing machine

area oriented approach
Fase 1;

Station area



Workshop 19 October 2011| pagina 10

Bio -washing machine

area oriented approach
Fase 1;

Station area

Think-Tank questions:
• Flux of VOCl from source to 

aquifer
• Total pollution load (Kg) of 

VOCl in aquifer
• Is there a flux towards the 

second aquifer (=strategic 
drinkwater aquifer)

• Are there DNAPL’s as a 
second source
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Bio -washing machine

area oriented approach
Fase 1;

Station area

Think-Tank questions:
• How to define the borders of 

the area
• Accepted values of pollution at 

plain of compliance
• Geo-hydrological and mass 

transport model of the subsoil
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Bio -washing machine

area oriented approach
Fase 1;

Station area

Think-Tank questions:
• Are there human risks in the 

area
• vapourisation
• what is the influence of 

ATES on vapourisation
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Bio -washing machine

area oriented approach
Fase 1;

Station area

Think-Tank questions:
• What is the influence of ATES 

on the micro-biology
• Is there bio-degradation of 

VOCl in the aquifer
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• Level 1

Level 2
• Level 3
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Monitoring
well Pb61-A Pb53 Pb67 Pb86 Pb86 PbCU14 Pbgra306 Pb106 Pb 106

Depth 26 m-mv 38 m-mv 26 m-mv 14 m-mv 24 m-mv 26 m-mv 6 m-mv 20 m-mv 35 m-mv

DHC cells/ml < < < < < < < 
3,9x104 2,1x105

etnC cells/ml < 7,4x103 1,6x101 < < < < < 8,4x102

etnE cells/ml < 9,7x102 < < < < < < 1,0x103

Polaromonas cells/ml < < < < < < < < <

PCE µg/l < < < 3,6 * 8 * < 2,4 < <

TCE µg/l < 0,1 0,2 4,4 0,14 < 6 < <

cis-DCE µg/l 1,2 * 28 1 67 *** 7,8 0,22 32 2,2 0,69

trans-DCE µg/l < 2 5,9 * < <

VC µg/l 240 *** 970*** 1 61 *** 2 * 0,65 16 *** 110 *** 1.300 ***
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Sampling point Pb53 (38 m-mv) Pb86 (14 m-mv) Pb61 (26 m-mv)

Bactrap 13C labelled 13C labelled Blanc

etnC cells/bactrap 1,1E+06 1,4E+05 7,5E+04

etnE cells/bactrap 4,7E+05 2,6E+04 1,4E+04

Polaromonas cells/bactrap < < < 

vcrA cells/bactrap < < < 

Dehalococcoides cells/bactrap < < < 

PCE µg/l < 3,6 <

TCE µg/l 0,1 4,4 <

cis-DCE µg/l 28 67 1,2

VC µg/l 970 61 240

pH � 7,0 6,7 7,2

Oxygen �
�� 0,43 0,41 0,04

Redox �� -79 -39 -99

Conductivity µS/cm 1170 910 1130



Workshop 19 October 2011| pagina 22

����	�	
 ��
�


Microcosm test Ground &  water sample Abiotic Cis-DCE 13C Cis-DCE VC 

Batch A 

(abiotic + added cis-DCE)

53 (38 m-mv) X X

Batch C 

(added cis-DCE)

67 (26 m-mv) X

Batch D 

(added 13C labelled cis-DCE)

67 (14 m-mv) X

Batch F 

(abiotic + added VC) 

67 (14 m-mv) X X

Batch B 

(added VC)

53 (38 m-mv) X

Batch E 

(added VC) 

67 (14 m-mv) X
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Integrated approach

spatial planning + energy + remediation 

polution 
� part of the solution

• Economical 
aspects
€€€

• Risk 
management 
& legal 
aspects

• Risk 
perception
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Integrated approach: 
the process is leading……



Workshop 19 October 2011| pagina 29

….and not the pollution !
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Utrecht 2030


