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== Statement:

Conceptual site model

!

Conceptual site remediation model

!

Data acquisition
Cost effectiveness
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Overview of presentation

 Monitoring tools focussed on biological processes
e Cases

e Conclusions
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1. Degradation tests 2. Groundwater
characterisation
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Parameters in GWC:

BTEX | PCE BTEX |PCE
Qil Qil
Redox parameters Environmental
parameters
Oxygen + + Acidity (pH) A +
Nitrate + + Conductivity + +
Iron + +
Sulfate and sulfide | + + Degradation products
Methane + + TCE, DCE, VC, ethylene - +
Redox potentiaal =5 i Chloride - (+)
Hydrogen analysis | (+) (+) Phenols, benzoates + -
Alkalinity (carbon dioxide) + -
Carbon source Isotope analysis + +
DOC/TOC - +
Bacteria - +
Nutrients
Ammonium + +
Phosphate + +
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3. Microbial analyses (MPN) 4, Molecular microbial
analyses

Specific DNA
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Aims

e Early insight of cost effective solutions !

e Effective monitoring !
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Case Appingedam (VOC)
\ Estimation source zone:
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500 — 600 kg PCE
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s bouwling

KATTENDIEP 00ST
SOLWERDERSTRAAT

DAMSTERDIEP

bebouwing

fijn zand

verontreinigingssituatie tetrachlooretheen

verontreiniging ssituatie vinylchloride
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E é Half life values NA:
o =
& 2 PCE 300 days
E - Ui E TCE 290 days
: TCE / 38,000 2 C-DCE 1,100 days
- * Gos e 2 | "y 400-500 days
I VC 15,000
Ethylene 0.2 Ethylene 3,300 pes =l
Ethana 0.6 Ethane 2,100 es =
Iron 10 Iron 5 CDEE =

VC 4
Ethylene 330 -
Ethane 11

Iron 0.7

Sulfate 12-16
Methane 16,000

Sulfate 28
Methane 13,000

n

verontreinigingssituatie tetrachloore! Sulfate <8
Sulphide 1
Methane 17,000

verontreinigingssituatie vinylchloride



Qch_, Conceptual model: lower flux to (///I/'

sandlayer by increasing biodegradation
In source zone

s bouwling
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fijn zand

verontreinigingssituatie tetrachlooretheen
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concentratie pmol/kg ds

concentratie pmol/kg ds
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Acceleration
enhanced vs NA:
Lab factor 20,

Field factor 4-5
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Enhanced degradation PCE in source zone

Direct injection

of carbon source
(lactate and molasses)
and nutrients
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"‘)_':";; globale interventiewaardecontour tetrachlooretheen

5 ) globale streefwaardecontour tetrachlooretheen

o globale interventiewaardecontour vinylchloride

\/ i "‘) globale streefwaardecontour vinylchloride
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2003 ‘ globale interventiewaardecontour tefrachlooretheen 2005

B ) globale streefwaardecontour tetrachlooretheen

o globale interventiewaardecontour vinylchloride

O ) globale streefwaardecontour vinylchloride
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Monitoring: Growth/increase of
contaminant degrading organisms
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Case Vries (BTEX)

bioclear
Well Ref. Ref. L. border |L.border |Plume |Plume
Depth m-gl | 6-8 19-20 |4-5 11-12 6-8 18-20
NO, mg/l |83 <1 <1 <1 28 <1
Fe(ll) mg/l | 0.1 27 37 54 - -
SO,* mg/l |22 51 <8 <8 59 38
Sz mg/l [ <0.1 <0.1 1.8 0.4 - -
CH, mg/l |0.04 0.03 7.7 17.2 6.3 0.9
Benzene ug/l [ <0.2 <0.2 110,000 |0.9 2,900 |210
Tol/Ethylb/Xyl | ug/l | <0.6 <0.6 30,000 <0.6 58 50
Phenols ug/l |- - 570 - - -
Benzoates pug/l |- - 190 - - -

A




bioclear
~—~
)
©
(@)
4
i
@)
S
N—r
Q
c
Q
N
c
Q
O

12

10

Degradation test:
Additional proof
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Biologisch scherm

Direct injection of nitrate/sulfate at site
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Case Almelo (VOC)

pH: 6.4-7.0

Sulfate: 75 —130 mg/I

PCE: 15,000 to several hundreds of ug/I
TOC: 14-18 mg/l

No degrading organisms

GWK

Molecular
analysis



Technical approach
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bioclear Dechlorination
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Dechlorination

February 10, April 8, June 2, October 5, July 7, November 3,

2004 2004 2004 2004 2005 2005
PCE (ug/l) C15.000)— 4000 <0,1 0,2 <0,1 <0,1
TCE (ug/l) <40 .300 <0t <0,1 <0,1 <0,1
cis DCE (ug/l) <40 45 O F6— R 0,3
VC (ug/l) <40 23 0,8 0,1
Ethylene (ug/l) 0,2 4 57,9 NA NA
Ethane (ug/l) 1,3 2 13,4 6.0 NA NA
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-2 Conclusions

 Powerful tools available for solution-based thinking

e Steering the process based on these data 2
cost effective remediation actions



“...and we can save 700 lira by not teking soil tests.”



