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Hvordan bliver vi mere baeredygtige i

vores arbejde med forurenet jord og
grundvand?

» Forureningsundersggelser
« Afvaerge af forurening
« Drift af afveerge

IR
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Hvad har vi kurs mod?

 En feelles forstdelse af hvad vi mener med
baeredygtighed nar det gaelder undersggelser og
afvaerge af forurenet jord og grundvand

» Et overblik over hvad vi har af metoder i
vaerktgjskassen til at vurdere baeredygtigheden

« Hvor mangler vi vaerktgjer?

Ramboll




| T
Ds Dansk standard DS/ISO 18504:2017

1. udgave

2017-08-07

ISO standard for baeredygtig afveerge
ISO 18504:2017

Jordundersggelse — Vejledning i

T baeredygtig oprydning
« Definitioner

Soil quality — Sustainable remediation

« Terminologi

« Overordnede rammer og principper for
baeredygtighedsvurderinger

Su RF@

Sustainable Remediation Forum UK (Su RF UK) SUSTAINABLE REMEDIATION FORUM UK

« SURF UK framework document 2010
« Opdateret indikatorsaet 2020

A Framework for Assessing the Sustainability of Soil
and Groundwater Remediation

Ramboll




DEFINITION

BAREDYGTIG AFVARGE

RAMB O LL EERIEEEEENE I EY eI

"Elimination og/eller kontrol
af uacceptable risici pa en
sikker og rettidig made
mens den miljgmaessige,
sociale og gkonomiske
veerdi af arbejdet optimeres

ISO 18504:2017

Figur fra SurF UK (2010)



Hvordan "maler” vi baeredygtighed?

O

Baeredygtighedsindikator

"En enkeltstaende stgrrelse eller et karaktertraek, der repraesenterer en
baeredygtighedseffekt, som kan vaere enten positiv eller negativ, og som
kan sammenlignes pa tvaers af alternative afveergestrategier for at
evaluere deres relative praestation”.

ISO 18504:2017
Indikatoroverskrifter ISO 18504:2017

Wil

Okonomi Samfund Miljo
Direkte omkostninger og gevinster Sundhed og sikkerhed Luft
Indirekte omkostninger og gevinster Etik og lighed Jord og terraen
Beskaeftigelse og beskaeftigelseskapital |Lokalomrade Grundvand og overfladevand
Afledte omkostninger og gevinster Lokalsamfund og involvering @kosystemer
Projektets levetid og fleksibilitet Usikkerhed og evidens Ressourceforbrug og affald

Gener for ] .
Eksempler pa Omkostninger lokalsamfund

indikatorer
Kr. Kg CO,-aekv.

Ramboll 6



Valg af baeredygtighedsindikatorer

vSURE by Rambgill: >70 indikatorer fordelt pa de 3
dimensioner kan tilvaelges i det online vaerktgj.

v Indikatorer fra SURF UK (2020)
v'Fleksibelt - indikatorer kan til- og fravaelges

v'Miljoprojekt 2209: Metodebeskrivelse og
udarbejdelse af to indikatorseet:

v Indledende vurdering: 21 udvalgte indikatorer
v Detaljeret vurdering: 49 udvalgte indikatorer

v'Projektet har involveret 3 danske regioner

Ramboll

SURE

by [ELTEAN

https://sure.ramboll.com

/

Methodology for
Assessment

Miljgprojekt 2209. Sustainable
Remediation. Methodology for
Assessment

SuRF %

INABLE REMEDIATION FORUM LK

©

Supplementary Report 2 of the SuRF-UK
Framework: Selection of Indicators/Criteria for
Use in Sustainability Assessment for Achieving

Sustainable Remediation

July 2020

AIRE

SuRF UK (2020): Supplementary
Report (SR2)


https://sure.ramboll.com/

Metoder og veerktgjer ifglge ISO

« ISO anviser ikke specifikke veerktgjer

« Beskriver en raekke principper for vurdering og trin
der skal gennemgas

Ramboll



Kvalitative, semi-kvantitative eller kvantitative vurderinger

Start simpelt ud

Beslutning

ENEIEE T gen kiar konklusion|
vurderinger

Tidsforbrug
Dataforbrug

nighed = Beslutning|

2. Semi-kvantitative

vurderinger ngen klar konklusion

Enighed - Beslutning

1. Kvalitative vurderinger

Sustainable Management Practices (SMPs)

Modificeret efter Bardos et al. (2016) samt SuRF UK (2020)

Ramboll

>

3. Kvantitative vurderinger: fysiske opggrelser
(f.eks. kg CO,-eq.), livscyklusvurderinger, cost-
benefit analyser

1 )

2. Semi-kvantitative vurderinger: Kvalitative
udsagn udtrykt som score

1)

1. Kvalitative vurderinger: baseret pa kvalitative
udsagn

Environ- | Economy | Social

ment

Remediation
alternative 1

Remediation

Better alternative 2

Remediation
alternative 3




Multikriterievurderingsmetoder SURE

by (LT

* Relativ sammenligning af alternativernes baeredygtighed
baseret pa et antal baeredygtighedsindikatorer

« Semi-kvantitative og kvantitative vurderinger kan

kombineres
WEIGHT
« Hvor godt klarer alternativerne sig for ERYelelg=
hver baeredygtighedsindikator? ”
« Hvor vigtig er den enkelte indikator? Vagt
Environment Society Economy

Samlet baeredygtighedsscore

Alternativ 1
n
U(X) — 2 W;V; (Xi) Alternativ 2
i=1

Alternativ 3
v(x) = Total baeredygtighedsscore

x = Alternativ
v, = Normaliseret score for indikator i Alternativ 4
W, = Veegt af indikator i

n = Antal indikatorer Alternativ 5

Ramboll 0 10 20 30 40 50 60 70



Veerktgjskassen




Veerktgjskassen

Multikriterievurderingsmetoder

Veaerktgjer \
« SuRF UK tool EXCELVARKT@]: 15 indikatorkategorier
« SURE by Ramboll ONLINE VARKT@]: > 70 indikatorer fordelt p& 15 indikatorkategorier ‘

+ Beeredygtig afvaerge (Sgndergaard et al. 2014)
+ SCORE tool (Rosén et al. 2015)
+ Miljgstyrelsen (2022). Sustainable Remediation. Methodology for assessment

Ramboll



Veerktgjskassen

Multikriterievurderingsmetoder

Veaerktgjer \
« SuRF UK tool EXCELVARKT@]: 15 indikatorkategorier
« SURE by Ramboll ONLINE VARKT@]: > 70 indikatorer fordelt p& 15 indikatorkategorier ‘

+ Beeredygtig afvaerge (Sgndergaard et al. 2014)
+ SCORE tool (Rosén et al. 2015)

+ Miljgstyrelsen (2022). Sustainable Remediation. Methodology for assessment
Case studier

« Concawe Report 11 (2023): 10 case studier med baeredygtighedsvurdering af afvaerge

Ramboll



Veerktgjskassen

Multikriterievurderingsmetoder

Veaerktgjer \
e SuRF UK tool EXCELVARKT@J: 15 indikatorkategorier
 SURE by Ramboll ONLINE VAERKT@]: > 70 indikatorer fordelt pd 15 indikatorkategorier \

. Beaeredygtig afveerge (Sgndergaard et al. 2014)
« SCORE tool (Rosén et al. 2015)

« Miljgstyrelsen (2022). Sustainable Remediation. Methodology for Assessment
Case studier

« Concawe Report 11 (2023): 10 case studier med baeredygtighedsvurdering af afveerge

Miljo Samfund @konomi
Vaerktgjer/tilgange Vaerktgjer/tilgange Vaerktgjer/tilgange
« Livscyklusvurdering (LCA): « Kvalitative vurderinger « Life cycle cost (LCC)
. Miljgmaessige pavirkninger fra « Input fra interessenter « Cost-benefit analyse (CBA)
jordforureningsundersggelser « Kvalitative vurderinger

(igangveaerende)
« RemS (Screening-LCA for
udvalgte afvaergemetoder)
« US EPA Footprint tool
« Kvalitative vurderinger




Concawe
Eksempel pa case studie

Kvalitativ vurdering

Table 4: Qualitative assessment summary.

Remediation Options for

Indicator Category | Attenuation Based  Dual Phase Extraction
Environmental Better Worse
Social Equa Equa
Economic Better Worse
Ramboll Overall Better Worse

Assessment Criterl cS:IiF-UK Assessment
a tegory
Code Attenuation Dual Phase Justification
Based Extraction
Environmental
Emissions to air will be greatest for dual phase extraction given the more
Emissions to air ENV1 Better Worse intensive installation, commissioning and Operation & Maintenance
regime required compared with an ‘attenuation-based’ approach.
Soilland oound Both options expected fo have comparable impact on soil quality.
nd g ENV2 Equal Equal Neither is expected to significantly impact geotechnical quality of soil as
conditions . . L )
ground disturbance will be minimal under either approach.
Dual phase extraction will require groundwater abstraction. It is
Groundwater and considered unlikely this would have an impact on the aquifer beyond the
ENV3 Equal Equal site footprint. Treated water could be discharged via existing site
surface water . . . . f
drainage facilities. Both approaches will result in long-term improvement
in groundwater quality within the aquifer.
Resource consumption is an aspect where ‘attenuation based’
Erzt;:;al resourtes and ENVS Better Worse approaches are always likely to rank more favourably against
alternatives. \Waste generation will also be reduced.
Soclal
Health and safety represents a key priority for all stakeholders given the
Human health and operational nature of the facility.
safel SoC1 Better Worse An ‘attenuation based’ approach will inherently offer a lower level of site
y exposure during its deployment, compared to an approach requiring a
greater degree of Operation & Maintenance.

. Both options represent relatively low intensity remedial solutions and
e S0C3 Equal Equal against the baseline of existing site operations, as such the impact of
locality e . . L

these to local communities is considered likely to be negligible.
NSZD represents a novel remedial option with a limited track record as
an applied remedial solution, particularly in the UK. Regulatory suppart
Uncertainty and S0C5 Worse Better to continue the assessment was obiained following the initial trial
evidence however, it is acknowledged that a formal ‘attenuation based’ approach
carries a higher degree of uncertainty, compared to a more established
approach.
Economic
. n 'Attenuation based’ approaches represent a relatively low cost solution
Sﬁcgeiﬁ?gmlc s ECON1 Better Worse providing they can achieve the necessary soil and groundwater quality
improvements.
Indirect economic benefits associated with NSZD include the lack of
Indirect economic ECON2 Betier Worse disruption to routine site operations and the ability for the site owner to
costs and benefits redeploy financial resources (due to the lower cost profile highlighted in
ECONT), into other site wide improvements.
An NSZD based approach requires a significant timespan. The technical
feasibility of the approach depends on the continuing satisfaction of a
number of boundary conditions. Key amongst these for this project are
the absence of a change in land use within or adjacent to the study area,
Project lifespan and . as well as the conceptual site model continuing to support the sirategy.
flexibility ECONS tli Botter A significant phase of data gathering was required to establish, with
sufficient confidence (for both the client and regulator) that NSZD was a
viable potential remedial option. It is anticipated that collection of such
a supporting dataset would continue to be a key focus for all
stakeholders on other such projects.

Reference: Case Studies and Analysis of Sustainable Remediation Technigues and Technologies. Concawe report no. 11/23




Table 1: Tier 1 Sustainability Assessment Indicators and Scoring (Output of the SuRF-UK Tier 1 Sustainability Assessment Tool).

C O n C a W e Sheen Mitigation - Remediation Technologies

o = Groundwater  Sheen capture OBB to Excavation
Technology . : : - -
Se I I I p e p a ‘ a S e S u I e pumpingand  (installationof capture,retain anddisposal
treatment of temporary and degrade of impacted

LNAPL sorbentbooms sheen soils

Social Indicators

Long Term
Human

Health and Short Term,
Safety e.g. site 2
workers

Ethics and Equity

Neighbourhood and Locality 2 1

Communities and Community 2 2
Involvement

Uncertainty and Evidence 2

Social Score 8 9

Economic Indicators

Direct Economic Costs and
Benefits

Indirect Economic Costs and
Benefits

Employment & Employment
Capital

Project Lifespan
Project Flexibility
Economic Score

Semi-kvantitativ vurdering

EnvironmentalIndicators

Air Quality / Climate Change

Soil and Ground Conditions

Groundwater and Surface
Water

Ecology

Natural Resources and Waste

Environmental Score 10

Overall Summary

Overall Score 28 [ k3 ] 38 I 29

Ramboll 30 13

Reference: Case Studies and Analysis of Sustainable Remediation Technigues and Technologies. Concawe report no. 11/23



Trinvis tilgang
Miljgprojekt 2209: Sustainable Remediation. Methodology for Assessment

Prerequisites for the sustainability assessment

» The site has been prioritized for a remedial action/risk reducing
action

- A remedial target/risk reduction target has been defined

-« Two or more alternatives for remediation/risk reduction that comply
with the remedial targets have been selected

TIER 1: Initia TIER 2: Detailed
sustainability assessment sustainability assessment

« Qualitative or semi-quantitative ~ « Semi-quantitative or

Methodology for
Assessment

assessments quantitative assessments (LCA,
. Limited time use CBA etc.)
« Relevant for smaller « Stakeholder involvement
remediation projects, e.g. - More time consuming
during a first screening of P
C A - Relevant for larger remediation
remediation alternatives projects 9 Miljoprojekt 2209. Sustainable
Remediation. Methodology for
OVERALL SUSTAINABILITY SCORE

Assessment

Option 1

Option 2

5 10 15
® ENVIRONMENT mSOCIETY mECONOMY
Ramboll

17



Indledende afklaringer ved baeredygtighedsvurdering

Formalet
Hvilket spgrgsmal skal
vurderingen bringe svar pa?

Interessenter
Identificér relevante interessenter

Alternativer
Kan alle alternativer opna det
formal, der er med afvaergen?

Ramboll
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Projektets afgraansninger
Tid, sted, og
livscyklusafgraensninger

Baeredygtighedsindikatorer
Enighed blandt interessenter

Metode
Fastlaeeg hvordan hver indikator
vurderes

ISO 18504:2017



Interessentinddragelse
Et nggleaspekt ifglge ISO 18504:2017

En interessent kan direkte eller indirekte pavirke, eller blive pavirket af
afvaergeaktiviterne

f.eks. grundejer, myndigheder, beboere, naboer, lokalsamfund,

interesseorganisationer, lokale virksomheder

Interessentinvolvering er en central del af en baeredygtighedsvurdering
- vigtig kilde til information
- ngdvendig for at sikre en valid proces iflg. ISO

Graden af involvering afhaanger af projektets
stgrrelse:

-  Sma og simple projekter: Grundejer,
radgiver og lokale myndigheder

« Storre og mere komplekse projekter:
Bredere interessentgruppe og dialog

Ramboll



Sustainable Management Practices

Beslutning |

ERRSER W oo klar konklusion ]
vurderinger

Tidsforbrug
Dataforbrug

nighed =2 Beslutning|

2. Semi-kvantitative
vurderinger

ngen klar konklusion

nighed = Beslutning

1. Kvalitative vurderinger

Ramboll
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Sustainable Management Practices Spreadsheet
SURF UK 2021

Sustainanable management practices for forskellige projektfaser: planlaagning, forureningsundersggelse, afvaerge,
moniteringsfase osv.

Sustainability Indicators
A
Remediation
SUSTAINABLE MANAGEMENT PRACTICE Construction and ECON1 ECON2 ECON3 ECON4 ECONS ENV1 ENV2 ENV3 ENV4 ENVS SOC1 socz2 SOC3 sOCc4 SOCS
- Operation [
Identify stakeholders most likely to be impacted by the activity and engage and y X X X X
minimise the impact on them.
Minimise vehicle miles W X X X X X
Plan to re-use boreholes through each phase of investigation, remediation and y X X X X
long-term monitoring
Reduce, reuse and recycle where possible. Plan your activities to reduce waste. A X X
Select suitably sized plant and equipment W X X X
Specify electronic data transfer from laboratories A X X X
Avoid drilling in the road or busy access areas where possible A X X X
Avaoid drilling through confining layers without appropriate protection to prevent W X X
cross-contamination
Consider self-inspection/audit procedures to ensure that permit/consent H H
L . K . wW X
o e e Ideer til at forbedre baeredygtigheden af den valgte
Develop an Ecology Management Plan to identify and manage impacts on areas of y X g g
ecological interest before disturbing the site

Ramboll https://www.claire.co.uk/component/phocadownload/category/16-surf-uk-bulletins?download=818:surf-uk-smps-2021



https://www.claire.co.uk/component/phocadownload/category/16-surf-uk-bulletins?download=818:surf-uk-smps-2021

US EPA (2016)

Green Remediation Best Management Practices.
Site Investigations and Environmental Monitoring

Et par eksempler
« Reducér kgrsel ved at veelge lokale entreprengrer,

leverandgrer, analyselaboratorier og jordmodtagere

* Brug undersggelsesteknologier, der er mindre
invasive:

« f.eks. geofysiske metoder, traekerner mv.
« Reducér antallet af boringer

« Genbrug undersggelsesboringer ved senere
afvaerge

» Horisontalt boringsnetvaerk som alternativ til
mange vertikale boringer

« Anvende multi-level sampling

« Anvende direct push sonderinger eller soniske
boringer i det omfang det er muligt (mindre

invasive, mindre opboret jord, mindre tidsforbrug)

Office of Land and Emergency Management (5203F)
EPA 542-F-16-002 Seplember 2016 Update

Green Remediation Best Management Practices: Cverview

Site Investigation and Environmental Monitoring |,

www.cluin.org/igreenremediation

“Eanmng

The U.5. Environmental Protection Agency (EPA) Principles for Greener Cleanups outline the Agency’s policy for evaluating and
minimizing the environmental fooiprint of activities imvolved in cleoning up contaminoted sifes.’ Best management proctices
(BMPs) of grean remediation involve specific activities fo address the core elements of greenar deanups

» Reduce fotal energy use and increase the percentoge of energy from renewable resources. :1:@.3 Enargy
- . aste

» Reduce air pollutants and greenhouse gas emissions.
» Reduce water use and praserve woter guality. e Core L

- L lamants h
» Conserve material resources and reduce wasta. o TR El=ments Sy

: Ecosystems Armasphere

» Protect land and ecosysiem services.

Overview

Waber

The need for sife investigation is comman to dleanups under any regulatory program. Investigafive adivities con occur at all
points in the cleanup process, from initial site assessment through waste site closeout. A site investigofion generally is undertaken

to:

Confirm the presence or absence of specific contaminants.
Delineate the nature and extent of environmental contominafion.

Identify contaminant sources.

Prowide dato for ossessing potential risk to human health or the envirenment.
Gather dofa for determining if o remedial or removal action should be foken.
|dentiy site chaoracteristics offecting remedial design, construction or operation.

Site investigotion as well as long-term ervironmental monitoring typically involve a
ranga of fechnologies ond technigues to gather field measurements and collect
onalytical samples of soil and groundwater and offen surface water, sediment, soil gas
or indoor air. Investigotion also may involve searching for underground storoge fanks,
drums or other buried objects, or evaluating demolifion maferial confaining asbestos,
lead-based paint or ofther toxic products. Many of the same techmiques and
techmologies may be used in later stoges of a deanup to evaluate ongoing performance
of a remedy; determine the need for any modificafion fo a remedial system; or trock
foctors influencing anficipated closeout of a cleanup project. At certain points, site
investigation and emvironmental monitoring both rely on dota onalysis or verificotion
conducied by offsite loboratories.

Project Planning

Integration of green remediation BMPs early during the project design phase will help
reduce cumulofive environmental footprints of a cleanup. The BMP integration process
involves selecfing BMPs most suitable for the sife’s unique confomination scenario,
potential remedies and anticipated site reuse. BMPs to be considered when planning o
site investigafion include:

Fokus pa miljgmaessig
beeredygtighed

Ramboll

+ Schedule octivities for suitoble seasons to reduce the amount of fuel needed for
heating or cooling equipment and supplies.

# Select service providers, product suppliers ond analytical loborotories from the

local area and consolidote the service and delivery schedules.

Waler monitoring o the Mew ldria

Mesicury Mine Superfund sile in
Califarnia invalves vie ol time-interal
sampling deviees powered by solar
energy. Collected sompling data ane
trandrmitted wia satellite to o welsile
accessible by project siafl. This
approoch supplies a renswable souwrce
af orile energy and reduces the
frequency of staf visits 1o this remete
sile. Ongoing invesfigation of this sile
led 1o remaoval achons in 2011 and

201 5.

The ASTM Standard Guide far
Greener Cleonups autlines o process
fer identitying, screening and selecling
BMPs o minimize the environrmental
feotprint of sie-specific cleamsp
aclivifies *




Risikovurdering er central!

Ramboll

Hvornar er afvaerge
ngdvendig?

Hvornar kan afvaerge
stoppes?

f
Trinene i den offentlige indsats

Risiko er nggleordet 1 den offentlige indsats mod jordforurening. Kun hvis en forurening udger en risiko for mennesker eller
miljo fortseetter indsatsen frem mod en oprensning. I langt de fleste tilfeelde slutter den offentlige indsats pa et tidligere trin

med, at undersggelser afkraefter en risiko for forurening.

0

Historiske
undersggelser

vV

Ingen forurening
eller ingen risiko

&

Indledende Videregaende Oprensning og drift
undersggelser undersggelser

v/

Ingen eller Kontakt til forurening
begranset . kan undgas med fa

forurening 1 simple rad

Risikoen fra
forurening flernet

Figur stammer fra Bevar jordforbindelsen. Regionernes arbejde med jordforurening. Maj 2023



Vaerktgjskassen — hvad mangler vi?

» LCA-screeningsveerktgj for afveergelgsninger
» Sustainable Management Practices (SMPs)
» For danske forhold
« For den miljgmaessige dimension - gerne funderet pa LCA




$ & SOCIAL

L} - . .
Minimere negafive
SUI I lI I Ierll l pavirkninger pa
samfund o
lokalomrade og @ge

pgsitive
pavirkninger

« Beaeredygtighedsvurdering
inkluderer en sammenligning
af pavirkninger for miljg,
samfund og gkonomi

« Interessentinvolvering er et
n@ggleprincip og vigtigheden o & ®
gges i takt med projektets ' ‘
stgrrelse

* Vi har veerktgjerne til
multikriterievurdering

* Vi mangler et opdateret og « Sustainable Management
standardiseret vaerktgj til practises
LCA-screening af
afveaergeteknologier

Ramboll
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Sustainable change.

Bright ideas.

Sporgsmal?
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Tak for opmeerksomheden

Gitte Lemming Sgndergaard (gils@ramboll.dk)
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For at kunne haevde at afvaergen er sa baeredygtig som muligt under de givne betingelser skal
fglgende principper vaere overholdt:

- lovmaessige krav ifm. afvaerge er afklaret

- uacceptable risici i forhold til menneskers sundhed og gkosystemer er ikke tilstede
efter afveergen er udfgrt

- ingen uacceptable risici forbundet at udfgre arbejde eller for det omgivende
samfund skabes af afvaergeaktiviteten

- en transparant beslutningsproces baseret pa evidens og videnskab er udfgrt

- god ledelse og interessentinvolvering er anvendt

Ramboll



