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e Introduction >bl
- why do we need decision-support tools ? >h|

e Tools for create a risk based order of priority of
contaminated sites >bl

* Tools for cost- effectiveness analysis of remediati on
methods >bl

e Case>bl
e Discussion >bl
>b|



Remediation activities in the Capital Region of

Denmark >bi
R - s o0 e
investigation based on :>b

SO ) E s - 800-1200 sites checked annually >kl
“historical“irforrmation >l

>]

nl 10,000-12,000 sited-

150-200 investigations annually >bl

“,I 2000-2500 sitesbi

w 30-50 investigations annually ~ >bl

-I 1000-1200 sitesb|
‘m 10-20 sites remediated >hi

Total cost estimate:  >bl annually >P|

0,7 — 1 billion ECU >bl

Annual budget: 15-16 million -

ECU.>bi |! . <)
Remediation time: 40-60 years >t|>l Operations on 100 Site$l>l




Tools for creating an order of priority of
contaminated sites >bl

>h]



GISP (Gis-based priority tool) >bl

JAR: Database with information on
contaminants on the sites>|

>bi




Group of contaminants:>|
Chlorinated components >kl

>i>\| Oil components incl. BTEX >bi
Tar and cyanide >bl
>p| Heavy metals >bi

GISP_prlorlty _ >i>\| Pesticides >bl
a Slmple edition of GISP >:|>‘ Others >kl
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Significant factors when creating an N
order of priority of contaminated sites  >pl

« Areas with special drinking water interests, waters hed for >bi
watersupply plant, >bi

« Distance to supply wells >bi

» Size and quality of the groundwater resource  >bl

>

e Confining layer >bl

 Groundwater recharge >bl

« Condition of the aquifer >bl

« Water Quality (redox) >bi

>h|

o Contaminant characteristics (i.e. mobility, volati lity, toxicity >bl
and degradability). >bl

e Indications or knowledge of large quantites of con taminants, >bl
high concentrations, separate phase, contaminatio n flux etc. >hbl



Tools for cost-effectiveness  >bli
analysis of remediation methods >}l

>h]



Remediation methods used by The Capital
Region of Denmark >bl
What are the optimal methods ?

> Method>| Remediation time>|

Traditional Excavation>| 1-3 months
methods>l Pump and treat>] 10-400 years
Slow methods>| Phyto remediation>I 5-50 years
Chemical oxidation>| 1-10 years
Passive ventilation>| 10-100 years

Reductive 1-10 years
dechlorination >I

Aggressive>l | Soil vapour extraction>| 1-10 years

methods>| Air sparging>| 1-10 years
Thermal heating >I 2 months.-1 years
>




Focus on new remediati\o\n
technologies, which: >pl

reduce the risk of groundwater contamination >h|
protect indoor air quality effectively  >bli
deal with contamination in low permeability soils >

reduce and reuse water from remediation activities,
(less "pump & treat”) >bl
reduce the remediation time >bl

have a low environmental impact (emissions and
use of resources), e.g. low CO , emission/global
warming >bl

are cost-effective >bl

>b|



Selection factors: >|

Environmental impact
(emissions and resources)

Total economy
Cost-effectiveness>|

Technical capability: SHi

Remediation

\ | effectiveness>i \

i-Remediation tirpe>|
*Technical risk>|




Result of investigation — risk assessment>|
- Goal for remediation >|
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Potential methods of remediation
and combination of methods

Combination of
methods >bl
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Sh] Sh] Gains>| >} |
e Needs — (last slide) >kl >0
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The estimate of remediation costs is
basically an analysis of the budget for the
identified remediation technologies

applied rate of devaluation >kl

\\

Shi ) >hl >hl
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Environmental impact >kl
(emissions and use of resources) >bl

) & >
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Dismantling >l
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Case - MW Gjgesvej, Reerslev >bl /

* 1956-1977: a fur cleaning company >bl

> .

* Now: Residential and recreational area >bl

>h| .

* ~10 tons of chlorinated solvents in >kl

source area (in clayey till formation  >pl
_from 3-7 m.u.t.) >bi

>h| _ .

* Located in the catchment area of >bl
Copenhagens largest abstraction site ~ >b|
(Solhgj) >l

>]

>
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Remediation area>|

Clean up goal: >bl

Reduction of mass flux of chlorinated solvents

to a maximum >l

of 0.4 kg/year from soll vcﬂEIJme of 1675x 7,5 m3=12560 m3 >pi
>
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Three different remedlatlon technologies
are considered:

>b|

>
>b|
>b|

Soil Vapour Extraction with
heating >pI

(source removal) >bi
>]
>]
. Excavation and off-site
treatment >pl|
(source removal) >bl

>b| >|
bl
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Soil Vapour Extraction >bi .I.I-
(no source removal) >l
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>bi
Cost-analysis in Reerslev ( _inmilion ECU ) >bl
— rate of devaluation 3 % >}l

Remediation >l | Contruction Operation | Opera- Rate>p] Total |
methods >bi phase >bl phase >bl tion>kl | op>p| mio.
Time (Y)>¥i ECU>b
Soil vapour >bi 0.55>b] 0.08>b] 300>bI| 3.0>HI3.2>b
extraction >l
Heating >bl 22- 25>h] 0>bl CEyear>hl  ->H2.9 — 3.3>}
Excavation >bl 23- 27>bi 0>pl CEyear>kl ->H3.3 - 3.6>i|>i
(?dst-analysis - analysis of sensitivities ) ?i>‘l
— rate of devaluation 0,5%, 3% o0g 6%: >kl
Remediation >kl | Construc- | Operation 3bDperation | Rate>piTotal in >p]
method >bi tion phase >bl|  phase>hb| time (year) 3Pl og>h]  mio. >hi
ECU>hI
Soil vapour ex. >pI  0.55>h] 0.08>bi| 300>kl 0.5k  16.4>Hi
Soil vapour ex. >pI  0.55>h] 0.08>bi| 300>bl 3.0>kl 3.2>Hi
Soil vapour ex. >pI  0.55>h] 0.08>bi| 300>bi 6.0>kl 1.9>Hi
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Environmental impact >bl
Comparison of potential emissions  >bli

generated in 5 scenarios. >bi
>h|

i

' Heating 1 year >bi

Photochemical oxidant >}

t [l Heating 0,7 year >bi
potential (low NOx) >bl

. Soil vapour extraction 100y >bl

1. Soil vapour extraction 30y  >bi
m| Excavation >bl

Ozone depetion >kl

Nutrient enrichment >bj

Global warming >bl

Acidification >bi

0 200 400 600 800 1000 1200

Weighted impacts (PET) >kl



Decision(conclusion IN the Reerslev-
case: >bl

Source removal now Is cost-effective and has
low environmental impacts compared to soill
vapour extraction in the next 300 years  >bl

Heating is the most cost-effective method  >bli

Decision in Reerslev-case also depends on the
amount/level of disturbance of the people, who
live in the area (noise, dust etc.). >bi



Summary/Discussion: >bl
>
Developing a better cost-effectiveness tool
and LCA-assessment method: >bl

—

 How can we improve our remediation goal and the >p
criteria for success in a remediation project? >h

- How can we improve risk assessment of  >bli
contaminations? >bl

- How do we achieve a more realistic basis for the >h|
assessment of remediation time span?  >bl

e How much information do we need in a LCA-  >bl
assessment ? >|

- How do we compare different environmental impacts >h
such as global warming, emissions, production of >
waste, use of resources 7?>b|



