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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
>
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Remediation activities in the Capital Region of
Denmark >bi

- HESNEC U OCOCOCOONOOCOOCECEC E >‘ ‘I I I I I I 25’000_35,000 Sit%l\l

oy 800-1200 sites checked annually >bl

“historical inforration Skl
>|

nl 10,000-12,000 sited

150-200 investigations annually >bl

2000-2500 sitesbl

30-50 investigations annually >kl

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

Total cost estimate:  >bl CHIEE

0,7 — 1 billion ECU >bl

Annual budget: 15-16 million -

ECU.>bi ! - <)
Remediation time: 40-60 years >kl | Operations on 100 sitesk|
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Tools for creating an order of priority of
contaminated sites >bl

>h



| Hodetatadien GISP (Gis-based priority tool) >bl

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

>bi
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>b|
> .
GISP-priority — >pl )
a simple edition of GISP >]
In Birkergd >4l

s _—— . —

[ Distance to wells: >bl

- Group of contaminants:>|
" Chlorinated components  >bl

Oil components incl. BTEX >bl

Tar and cyanide >bl

Heavy metals >bi

Pesticides >bi

Others >bl

Point

" Confining layer >bl
Under 10 meters >kl
Over 10 meters >bi

Under 500 meters >bi
500 - 1.500 meters >bi
Over 1.500 meters >kl

ment area) >bl

vvvvvvvvvvv 0 m afstandszone

| 1.500 mafstandszone

letrisiko score Lerlagstykkelse

@ 10 B <5

® 9

o s SR 5 10m
vvvvv 7

s ¢ EEEE 10-15m

@® 5

o 4 BHE 15-30m

® 3

Kortgrundlag: Orbicon




F Hovedstaden 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) >bli

>p|

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

>h
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' Hovedstaden Region of Denmark >bl
What are the optimal methods ?

Method>I

Remediation methods used by The Capital

Remediation time>|

Traditional
methods>|

Excavation>|
Pump and treat>|

1-3 months
10-400 years

Slow methods>|

Phyto remediation>|
Chemical oxidation>|
Passive ventilation>I

Reductive
dechlorination >|

5-50 years
1-10 years
10-100 years
1-10 years

Aggressive>|
methods>I

Soil vapour extraction>|

Air sparging>|
Thermal heating >I

>|

1-10 years
1-10 years
2 months.-1 years




Hovedstaden  -OCUS ON NEW remediation
technologies, which: >pl

reduce the risk of groundwater contamination >

protect indoor air quality effectively  >bli

deal with contamination in low permeability soils >

reduce and reuse water\f\rom 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|



E Region | )
. Hovedstaden — galaction factors: >l

Environmental impact
(emissions and resources)

Total economy
Cost-effectiveness>|

24
b

Technical capability: SHi

Remediation

\ | effectiveness>i \

i-Remediation tirpe>|
*Technical risk>|




Region
Hovedstaden

Result of investigation — risk assessment>|
- Goal for remediation >|

lbrik A/S

>P]

Fane

>

Risicl

-~ ~
Formal me¢ > :I> I onomi

Areal ca 20 m2, dybde 5 m

Areal ca 1.500 m2, niveau0 -5 m u.t

Poreluftkoncentration malt indtil 50.000 ug/m3.

AFVAERGEPROGRAM
Kilde
2 Udbredelse
g
g Konc./Fri fase
TCE
Meengde Ca. 10 kg TCE
Kildestyrke/
spredning

ca. 0,1 kg/ar til meettet zone

>hi

Ca. 2kg TCE
A\ oV 2
N WA

A\

Ukontrolleret horisontal spredning | poreluften
frygtes. Faneudbredelse skaWhse®. 5 m/ar
LV

Udbredelse

Konc./Fri rase |

Porevandskoncentration i ler malt indtil 1,000 ug/l.
Grundvandskoncentration | sandlag mait indtil 250
ugl.l

1-2kg TCE

01-1kgTCE

S
g
% Maengde
:

Kildestyrke/
spredning

ca. 1 - 10 g/ér til primeert grundvand

Fanen ma forventes spredt horisontalt. Retning
og hastighed er ukendt

Omradet
bejdning

m. admi - Der er
hrbejder i
er

en ventes

Aktuel arealanvendelse

CE/m

plevant
else

Pulje af fri fase forurening skal fiernes. |@nskes afsiuttet indenfor ca. 5 &r
Kontrol/nedbringelse af
forureningsspredning i poreluft

nadvendia.

>p|

ringer til
yningsanleeg vurderes truet pa

N
M

IKontroH’nedbringelsa af
forul ! redning i

ndveerk kan blive truet over en
rreekke (>50 - 100 4r).
and vurderes ikke truet,

Kvalitetskrit
oplasnings!
overskredet

Primaert grundvandsmagasin

En aktiv nedbringelse af forurening @nskes afsluttet indenfor ca. 10 4r.

vurderes betinget nadvendig. Forl

B e Tt ) ikkert afgreenset. Skennet
g i3 m, leengde 100 m, ca. 15-20m
8 >kl
5
g Konc /Fri fase |- <10 ug/l TCE
E
o
a
Maengde <01 kg TCE
Kildestyrke/ Fanen ma forventes spredt med 1 - 10 m pr. ar
spredning mod NNV,
a b
Udarbejdet af: Forureningsexperten A/S

Dato og signatur.  04.01.2002



e den PoOtential methods of remediation
and combination of methods

i /

- B o ' i Gains>l >t >hl
>:I> I i >1> I a7 Funktion >:I> I r Tid @konomi

Kilde Fane Belastninger Gevinster Kalkulationsrente p.a. (%):| 3,5
: s o
Mrgalﬂsnlnger ; 3 & ) G E i3 5 1
{Mulige kombinationer |  |Katalog over afvaergemetoder glg|, i\l EE - I@St SI lCI e ) g 1>‘I e } 2%
af afvaergemetoder) g g & ' o £ | 2 y § = g g, @ 5
i ﬁé'gggguﬂhg‘&és 8| ﬂgé
SIEIE(S|E|E| [£131s93 [£12(8(3)5 |28te)8|8 42 |8 | & |§8¢
Alsl[c|p]|E om nedvendigt med andre metoder X (X) -2- 0-1-2-3)* -2-3)" 1.000 ke \1¥00 kr. | 1.000 kr. | 1.000 kr.
(saet kryds) gsreduktion 1 | noe ‘l N g
-t » p ensning 0 oy, N "\J \V o« N \‘ 0|
|ektrisk osmose 0,0, N ,Q q o,\ 0,0 (\\ )Q\ “4 - 0
YR 1 Opgravning og ekstern jor.dbehandlmg k x | x 2 N\ p) o‘(\a,ﬂ 243 O‘Q\b’ 18 4\3 \J X 0 250‘
Combination of [xlx] [x[+ 2w R ARG R SISO S :
x| x 15 Damp assisteret oprensning x | x 1 @' 2 2 | 0y 3 0 ;\‘\) o \J 400 0 42ﬂ|
1 ﬂrs >1>| x | x /1 | D2 [2]2]2]0%Ws[ (NT| 4 ) 0
1 Bioventilering X X y 15 1 0 o /s\ 0]
1fp Joraventilering X X 171 8 1]l 2 \& 30 250 80 641
1.9 Biosparging X x | (%) 1 1 1 Pl 2 2 ¢ ? : | 250 40 461
1.10 Airsparging (x) 1 1 0 z 0|
1.11 Forceret udvaskning X X 0 0 |05 0 0 2 0 |05 0
X X 1.12 Stimuleret nedbrydning X | 'x 10D 0 0 |06 2 1 2|10 (13| 4 1 1 100| 150) 800 1.023
1.13 0,0 0,0 0
1.14 H $0/ K 0.0 00 o
1.15 0.0 00 0|
Afskaere forureningen
21 Afvaergepumpning x " 13 0 3|0 |o8 GI
(x) (x) 22 Byggeteknisk foranstaltninger X 1.0 22|00 |sey 3]|]3]0 30 300 0) SSIJI
2.3 Andret arealanvendelse > 0,0 0,0 CIJ
2.4 Immobilisering (fysisk/kemisk) 0,0 0,0 0]
25 Reaktivvaeg X X 3l2]1]er [s[2]2[1]20 [o[o]2]0]os 0|
26 0.0 0,0 0.0 0
27 00 0,0 0.0 0|
Monitering af forureningen
3.1 Intern rensning/naturlig nedbrydning x | x | 6) 1 1 3 |03 1 1 0 0 |05 1 0 1 0 |05 I}I
32 00 0,0 00 of
32 0,0 0,0 0,0 ol




E Region The estimate of remediation costs Is
Hovedstaden hasijcally an analysis of the budget for the
identified remediation technologies

applied rate of devaluation >kl

AFVARGEPROGRAM \___Grenne varefabrik A/S
Kapitalisering af omkostninger til alternative afvaergel@sninger Kalkulationsrente p.a. (%) Mi Maks. 5.0

I N % i i .

Sum undert ar < < Denny kostning
ng etabl < i yn ) >l> I >Fr)
PN >
N N 1.0C r - 10 .. ]
>1> | £l >1> | \ Min e f Max ,fmn Max Min Max Min Max
Opgravning og g g v u auw ) 200 300 0 / 0.0 0,0 0 0 200 300
Jordventi 30 40 400 600 430 640 I90 130 4,0 8.0 15 50 778 1514
Biospg % ~ ~__ B50 895 IBD 120 / 4.0 8.0 18 50 B841 1.504
Byg >1>| 450 375 I™N_485 l 0 [/ 00 0.0 0 0 375 485
| al 1.450 2000 1.535 2120 / 170 250 30 100 2.184 3.803
)
Etablering Sum O d Demontering Samlet omkostning
incl. projektering og indkaring (nutidsveerdi)
>
1.000 kr 1 Ar 1.000 kr 1.000 kr
Min Max Min ax n ax in Max Min Max Min Max
Opgravning og eks! 200 300 200 300 *] 0 0.0 0.0 0 0 200 300
Stimuleret nedbryg ~ 200 300 1.200 1.500 08 1,6 20 30 1.154 2.445
y >1>| 0 0 0 0
| I 0 0 0 0
320 480 400 800 1.200 1.500 20 30 1.354 2.745
Etablering Sum undersagelser og Dift pr. &r Drifttid Demontering Samlet omkostning
incl. projektering og indkaring etablering Incl. tilsyn (nutidsveerdi)
1.000 kr 1.000 kr 1.000 kr 1.000 kr Ar 1.000 kr 1.000 kr
‘ Min Max Min Max Min Max Min Max Min Max Min Max

8

g

Excavation

Max
20 500 l 800 520 820 0 0 0,0 0,0 0 0 520 820
U 40 [ s ~ 430 640 130 40 8.0 15 50 778 1.514
‘\‘ 3 ! >l>| 530 695 120 40 8,0 15 50 841 1.504
25 350 | a4s0 375 485 0 0 0.0 0,0 0 0 375 485
105 1.750 2,500 1.855 2.640 170 250 30 100 2.514 4.323
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AFVERGEPROGRAM

Environmental impact >bl
(emissions and use of resources)

>b|

Grenneby Metalvarefabrik A/S

Miljebelastninger

Signatur for vurdering af potentiel effekt

Etablering

* >i>‘| Opgravning af klide kombineret med Jordventilering | umaettet zone, 0 Ingen effekt
blosparging | mattet zone/sekundaert grundvand samt etablering af 1 Lille potentiel effekt
tvgningstekniske foranstaltninger | nzriiggende ejendom beliggende over| i ¥
fanen (grundet In situ oprensning over ca, 5 ar) 2 Moderat potentiel effekt
3 Stor potentiel effekt
PN PN S
Aktiviteter ,T * >l> I Pavirkninger >1> I P >l> I
S

Beskrivelse 4o Antal/imeengde g Erc.., og materialeforbrug Meengde /\5 |Ressourceforbrug

Arbejder og tilsyn £ |Eta e ing og demonterin g Energirdstoffe
Kersel | biler - benz ndrevet A5 2000 km €[ Eienvicitet 0 MWh % 3 Knapp
Karsel | biler - dieseldrevet 3000 km Benzin 220 | o 2 PR
Kersel | lastt:i - materialetrans 1 2000 km Diesel 3.120 | 0 9
Kersel | lastbil - transport af f 1 Slast Sy 500 kg M . >i>‘l \
Kersel | lastb) - transport af Plag 1 | 40 kg 2 .

Hovedaktiviteter cer incgér ve 2000 kg 0 4
Opgravning 2/ orc  jordh 7 4003 tons 1 G L4 RN 1 & > 1Y
Jordrensning g %}5 5 65$>l>| \ 150 kg 1 b4

n i
Retablering med opgravet A\ XQQ tons N\ 60 kg =—==|San $ 9( |
Tilkersel af grusfyld 23 4$$ >\ \i— X00Ngns & ( N y A
Drift (sa period 2

Etablering af 20 ventilations

Etableing af 15 spargebering

Elektricd

Kapselblaeser, manifold, vacuu

Benzin:

ecificeret sand og grus

Kulfiltreringsan s N, PMiesel \\ Vand
Gulv og vmgme'r{}\an | keelder i neer! St kul 1 R
AN 9 ;
£ |Beskrivelse 8 |Beskriveisd 2P o * >
O [Forudsastninger for drift A\|Etzblerng 33 ]
Driftsperiode (21} '§ Forbraang 1 "
Elekticietsdrevne =nlaq g Forbran 2
Samlet elektrisk efek! (gennemsnit ved periodisk drift) (kW) 0 N
Tilsyn og service \ 2 Tol ersistent toksicitet)
Kersel | biler - bz ndrevet \2 Jord N\
Kersel | biler - uieseidievet Dt \ N 1\ Volumen
Korsel i lasthil e ’ ; Forbreen -m O, NOx) 2 Xarlig
Hovedaktiviteter, c:or #Noir | 2t/ \geaniesggets drift x Forbreendindegass o\ @\ NOx, SO.) ) /
— x Atdampning/atkast fra pro O C unde
E' x il‘l og“vlbratlo ’7- \
= AT >bl
2| Beskrivelse : Antal/meengde g ‘i; P r
S [Tilsyn og service =2 s AR REIE LN @ |ar . 3
E[™ Korsel I biler- m&crevet 200 km § T ! ? > { farlige stoffer
E[ Kersel | biler- dielf)irevet 200 km j] 7 8"| B 2 2 kader (uheld, tunge Iaft mv)
O™ Korsel | lastbil 400 km s ) 3

Hovedaktiviteter, ¢or g ved demontering af anleeg

Nabogener

o (3ener af sto) I bomilj

/

0 Sundhedsmeessige effekter fra emissi

Udarbejdet af
Dato og signatur

Forureningsexperte
04.01.2002
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Case - MW Gjgesvej, Reerslev

i

* 1956-1977: a fur cleaning company >bl

podl .

* Now: Residential and recreational area  >bl

>hl .

* ~10 tons of chlorinated solvents in >kl __

source area (in clayey till formation  >pl

_from 3-7 m.u.t.) >bi

>p| _ .

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

>|
S] /
>|

>| /

Remediation area>|

Clean up goal: >bl
Reduction of mass flux of chlorinated solvents to a maximum >l
of 0.4 kg/year from soll vcﬂ!ljme of 1675 x 7,5 m3=12560 m3 >pi
>

>
>p

— ) —

>]
>|



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

>
N N >|
>pb| >|

/

\

Soil Vapour Extraction >bi .I.I-
(no source removal) >l

=
—
=

i



>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|



