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ABSTRACT

One of the goaldn the Swedish environmental policy is that the most severe
contaminatedsites shall be remediatedby year 2050.The gproach for choosing
remediation method is depending on a large number pédas cost, type of
contaminant soil behavior and time horizon, to mention a few. The by far most
common and experienced method in Sweden is excavation and transiaodfiib

This might lowever not alwayde the most sustainable remediation alternative. At
Chalmers University, Gothenburg, a technical approadtrdatea decisionsupport

tool for this purpose has been developeiultikriterieanalys for hallbar
efterbehandling, metodutveckling och exempel pal 1 2 mp ihisn ig oa
Multi-Criteria Analysis (MCA) that takes three dimensions into account; ecological,
sociccultural and economic,in order to find the most sustainable remediation
alternative ThisMasted thesis aims to eVwaate thisspecifictool by applying it ona
practical case; the former industrial area Hexion in Modlndal. Fouierdiit
remediation alternativescombinations of excavation anah-site treatment, were
evaluated against a mdlternative. Furthermore, relent project risks forthe
siteowner at Hexion waglentified and it is suggested how these project riskdean
incorporated into the MCAool. The resultfrom the case study shows that the most
sustainableremediation alternative implies excavation according to sispecific
guideline values and sieving prior to transport to landfill. It is suggestedéhative
impacton health due to measuaed theuse of natural resourcean be compensated
by positive impacts on other criteria and a beneficial econamicome It canbe
concluded that the tool is comprehensiwufills its aim and gives a good overview of
the impact from each suggested esliation alternative. There is resk of double
counting due to linguistic misunderstanding and confusion concerningspeuific
criteria in the MCA shall be assessed. Project risks connected to Hexion were
identified by means of interviews and literatureidst of a previous project at
BT Kemi where a project matrix was developed. This matrix was modified to suit the
conditions at Heion. These project risks can be monetized and included in the
economic dimension of the MCATo develop the MCAool further, it is
recommended to produce an Exaelrk sheet where all calculations for the three
dimensions together with uncertainty andstvity analyss can be performed.

Key words: Decision support tool, aiti-criteria analysis,costbenefit analysis,
contaminated sites, projetsks, Hexion



Val av héllbar efterbehandling pa fororenadi@rkomraden
Tillampningoch utvadering av emnultikriterieanalys

Examensarbete inom Geo and Water Engineering
ASA LANDSTROM, ANN-SOFIE OSTLUND
Institutionen f6rBygg- och Miljoteknik
Avdelningenfor Geologi och Geoteknik

FRIST Kompetenscentrum

Chalmers tekniska hdgskola

SAMMANFATTNING

Ett av Sveriges miljomal ar atie fororenadenarkomraden dar storst risk foreligger
ska vara efterbehandide till &r 2050. Valet av efterbehandlingsmetod beror av ett
stort antal aspektesdsomkostnad, typ av fororening, jordaoch tidsplan for att
namna etfatal. Den Overlagset vanligaste och mest beprévade efterbetgerdli
Sverige ar gravsanering, vilket dock inte alltid ar den mest hallbara metdien.
Chalmers tekniska hogskol&Goteborg, har etfforskningsprojektpagatt for att
utveckla ett verktyg dr beslutsstod for att hitta hallbara efterbehandlingsmetoder
OMul ti kriterieanalys f©°r h-11bar efterbehe
t i1 1 & mpDennan gnaltikriterieanalys beaktar tre dimensioner: ekologisk,
socialkulturell samt ekonomisketta examensarbetgyftartill att utvardera verktyget
genom atttillampa det pa ett konkret falget tidigare industriomradeHexion i
MoIndal. Fyra oka efterbehandlingsalternatialla kombinationer avgravsanering
ochon site-behandling utvarderades maett nollalternativ.Utover detta har relevanta
projektrisker for markagaren identifieratech det foreslas hur dessa risker kan
inkluderas verktyget

Resultatet av fallstudien visar att det mest halltatarnativetav de analyserade
efterbehandlingsatodernainnebar utgravningaseradpa platsspecifika riktvarden
och siktningpa platsen innan fororenad jamdnsporteastill depori. Hallbarheten ar
dock svag pa grund ade negativa effekterna pa halsaed avseende pdtgardes
utférandesamt anvandnirenav naturresurser. Det foréslatt detta kan kompenseras
av positiva effekter pa andra kriterisamten gynnsam ekonomisk dimension. Det
kan konstates att verktyget ar omfattandegpfyller sitt syfte och ger en bra 6versikt
av effekerna av de foreslagna efterbehandlisgjternatien Verktyget ar dock
tidskrdvande och kraver mycket indata. Det finns viss risk for dubbelrdkning.
sprakliga missforstand och det radesakerhethur vissaav kriteriema i verktyget
skall bedomas. Pyektriskerknutnatill Hexion identifierades med hjalav intervjuer
och en litteratstudie av ett tidigare pjekt pa BT Kemi dar en projekbatris
utvecklades. Denna matrjgisteradesfor att passade forhallandensom rader pa
Hexion. Dessa projektriskeomvandlas till monetara varden och darmed inkluderas i
den ekonomiska dimensionen av verktygeEor att ytterligare utveckla
multikriterieverktyget rekommenderastt ett programi Excel utvecklasdar alla
berakningar for de tre dimensionerna tillsammaresd osdkerhebedémningaoch
kénslighetsanalys kan utforas.

Nyckelord: Beslutsstdd, multikriterieanalys, kostnadsnyttoanalys, férorenad mark,
projektrisker, Hexion.
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1 Introduction

This chapterbriefly presentshe contemporargoals concerning contaminated sites
in SwedenThe aimofthisMa s t thasi§delimitations and methodologgs well as
reading instructions are also described.

1.1 Background

Theoveralmai n of the Swedish envirommhadt al
over an environment to the next generation where the largest and most severe
environmental problems aresolved, without causing further healthand
environmental problem outside the Swedish board®&V, 2010a). This policy
includes 16 objectives one of hem i s ,A Nontoxic Environmerd
(Kemikalieinspektionen2009). Furthermorethis objective is divided into 9 sub
objectiveswherethe 6:th and 7:th conceontaninated sitesThe 7th subobjective
states that all contaminated sitesithin risk class 1, according to the risk
classification system (MIFQ)hould be remediated until year 20501V, 2010b).

This risk classification systewategorizesll contaminated sites in Swedenarfiour
different riskclassesClass 1 sitesire expected to pose the highest risk to humans and
the environment thusn greaest need of remediation actionln June 2010 the
environmental policy for Swede was redeveloped and the go&A Non
toxicEnvironmend  wrawsed One of the decisions wabken to speed up the
process of prioritizing contaminated sites order to meet the goal of

fA Nonrtoxic Environmertiuntil year2050(SverigesRiksdag 2009).

Remediatiomat contaminated sitesan be done in numerous ways aviten choosing
method there are several aspetustake into consideration; e.g. cost, type of
contaminantsnd time duration. lis desirable to find the nsb sustainable method in
regard to economy, the environment and social aspects. Currently, the most common
remediation action in Sweden is to excavate and transport the contaminated soil for
off-site treatment aridr disposal There are several reasons fbis; it is a quick,
well-tested and relatively cheap method that can remove all types of contaminants.
However, transport to landfill is not always the most sustainable remediation
alternative.

Holdbacks in the prioritizing procesmnd in the choice o$ustainable remediation
methodshave partly been due to the lack of easy, informa#iad user friendly
decision makingtools. At Chalmers University irGothenburg atool based on
multi-criteria analysesfor choosing proper remediatiomlternative has ben
developed The reportby Rosén et al. (2009) describes the methodology iand
published asa report in the Sustainable Remediation Programme bySthedish
Environmental Protection Agency, Naturvardsverket.

1.2 Aim

The aim ofthis Masted ghesis is totest andevaluatethe decision support tool
developedy Rosén et al. (2009) based Mnlti-Criteria Analysis (MCA)for finding

1 Yvonne Ohlsson, Environmentah€mist, Technical. Dr. ahe Swedish Geotechnical Institute (SGI),
FRIST Workshop, Chalmers University 2001-20.
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and rankingsustainable remediaticaternative at contaminated sitesd to identify
relevant project risks for the sitevneras well as suggest how to incorporate these
into the MCAtool.

The tool is tested by means of a case study and evaluated according to the following
criteria:

1 Does the toofulfil its aim? Is theéool comprehense enough?

1 Applicability and user friendlings with questions like: Difficultiem finding
relevant input data? Is the tool tirmensuming?

1 How well does the todulfil the three dimesions of ecological, economand
sociccultural aspects for achieving sustainability?

1.3 Method

The MCA-tool hasbeen applied in a case studfythe contaminatedsite Tradgarden
1:124, also calletHexion Four different remediation alternativeere compared ta
null-alternative for the site. At present (spring 2011), the site is in the prafcesmg
remediated Y the siteowner NCC For the case study of Hexi@nfull MCA has been
performed.Most input parameters are based on real estimations from the present
remediation project at Hexion. However, some input parameters had to be estimated
by expert judgments.

The economic dimensioof the MCA is evaluated by performing @ostBenefit
Analysis (CBA) for the different remediation alternativéor this, themethod
described I Kostnadsngttoamalyp som tverkiyg for prioritering av
efterbehandlingsinsagsr (Rosén et al, 2008yasapplied

The dfferent remediation lernativeshave been chosen and developed together with
Malin Norin at NCCandsupervisor Jenny Norrma@halmersField visits to Hexion
have beencarried outto get a clear and meretailed picture of the sHgpecific
conditions the remediation proceasdthe surrounding at the site.

Interviews with peopleexperiencedin remediation projects were performed to
evaluate project risks and to obtain input datthe CBA andhe MCA. On behalf of

the siteowner NCC, severgire-investigations have been carried out at the site. These
reports have been an important source of informdtiothe case studyHealth risks
were calculated in the softwar&patial Analysis and Decision Adsisce
(SADA, 2007). The CQ-emissions are calculatday Almqvist et al. (2011)in a
bachelor thesiasing the Excetool VHGFM.

Uncertainty and sensitivity analysis for the CB/s performed using Monte Carlo
simulations withan Excel addin, Crystal Ball(Oracle, 201). Sensitivity analysis of
the ecological andociccultural dimension was performed by a methiedcribed in

Burgman (2005).

1.4 Delimitation

This Masted thesis includes one case study. Tienber of remediation alternatives
is limited to bur, in addition tadhe null-alternative. In the process aheremediation

CHALMERS, Civil and Environmental Engineering Ma st e 2@5110T hes i s



project some limitatiomhavebeen setthe MCA performed for this case studyedo
not include the purchase of the propertgmolition of thefactory or removal of
surrounding vgetation.Further,planning ofresidencesgyreen areas, roads, lightening
and parking lotdhavenot been included in &8@MCA. Thus, MCA and project risk
identificationfor Hexion merely handles the soil remediatiofftexnatives wherethe
planning before anthe remediation action itsedfe included

Most scoring of the criteria inthe MCA was done by the authors. To score the
sociccultural key criterion S1,justice and acceptance three expets have been
interviewed These werePetra Bmkhoff, Environmental Consultat NCC and
PhD-student atChalmers, Uffe SchulizEnvironmental Engineent the County
Authoritiesin GothenburgandThomas Holm Civil Engineerat SWECO.

1.5 Disposition

This Masted s$hesis begins with #rief explanation of definitions and objectives
concerningsite remediationtogether with a description of the first selection of
remadiation methods, Chapter 2. Some theoretical background to the decision making
process and a description of the M@¥l, where working process, dimensions of
sustainability, uncertainty and sensitivity analyses as well as project risks are
explained are found in the next chapter, Chapter 3.

Chapter 4 concerns the case studyHexion and industrial history, geology,
hydrogeolgy and the contamination situation at the sgedescribed Next are
descriptions and explanations of the remediation alternatindshe nuHalternative,
Chapter 5 Explanations of the MCA performed for the eastudy at Hexion are
provided including the three dimensionsf sustainability uncertainty and sensitivity
analyses and resultd the MCA for Hexion Chapter 6 Thestudy a how toidentify
andincorporate project risks into@ghMICA can also be found in Chapter 6.

A discussion othe performance of the MCA as well as the results from the MCA for
the case studys given in Chapter .7The evaluation of the MCAool is also
performed and discussed, as well as the incorporation of project risks in the
MCA-tool. Conclusions from theHexion case study and the evaluation of the
MCA-tool ends thisMaste thesis Chapter8, together withrecommendations to
further improvehe MCA-tool.

CHALMERS, Civil and Environmental Engineering Ma st e 2B5110T hes i s



2 Remediation at contaminated sites

This chapterpresentssome important definitions concerning taminated sites and
how risks areananagedvithin a remediation projectt is also describeddw to make
a first choice of suitable remediation methodsd@ontaminated site.

2.1 Pathways and exposure

Contaminants at a site canigin from many differenscores, e.gandfills, industrial
activities or petrol filling stations. The individuals that will be affectey the
contaminants are called receptors and can be people living or working at the site
children playing. The way contaminants travel fraource to receptor is called
pathway and can appear in different ways. A risk will be present if the chain from
source to receptor is unbroken and if there will be a negative effect at the receptor.
The exposure to humans can occur throdgimal contactintake of soil, vegetables

and water as well as inhalation of vapours and dust, all se&ngure 2.1. The
exposure also depends on the period oktimwhich humans reside on the site. A
residential area implies higher exposure for humans than a recreational area.

Figure 2.1. The arrows represent ways of dissipation and exposticentaminant
at a contaminated site. 1) Advectibrcontaminant moves with the groundwatei
Spreading by grond water to surface water e.g. to a river
3) Inhalation of dust. 4) Inhalation of vapours (indoors)D&rmal contact. 6) Ore
intake of sd. 7) Uptake by plants.

However, the total risk at a specific site depends on more thasweeppathways to
humans. The noperties of the contaminant(s), such as toxicitg amobility also
affect the risk, as well as the level of concentration.

2.2 Remediation objective

At a remediation project there are objectives to futfite mightfor example be to
prepare the site for residees by reducing the amount of contaminamtewever,
there areguideline valuedor the highest allowed concentrations pbllutants In
Sweden, two methods are uded finding these valuegyeneric guidelines and site
specifc guidelines. These guidelinealues arecompared to theconcentrations
measuren the siteto control whether the objective is fulfilled not

CHALMERS, Civil and Environmental Engineering Ma st e 2@5110T hes i s



2.2.1 Generic guideline values

The Swedish Environmental Protection Agen®Naturvardsverkéthas developed
generic guideline values for contaminated sites. These values are calculated in a
model based on four protection objects (NV, 2009):

1 People located in tharea

1 Soil environment in the area
1 Groundwater

1 Surface water

For eachprotection object a guideline value is calculated; health,rigiatection of

the soil environment and the protemt of groundwateand surface watef.he lowest

of these guideline vaks becomes the generic guideline value. Depending on type of
land use, the guideline valud#fers.

On sensitiveland (KM), all groups of peopldancluding children can reside
permanentlyon the site This putshigh demands on the contaminant situation.
Example of KM is residential areas. On less sensitive land (Mk)osed groups
are at the site during working hours and childrendioorter periods, i.e. guideline
valuesare less strict than for KM. Examples of MKM are office and industrial areas.

2.2.2 Site specific guideline values

Sometimeshe land use and exposure situatido not match the general cases, KM
and MKM. In these casesite specific guideline valganight need to be calculated
wherethe circumstances on the speci§ite are taken into ecunt. The ame model

as for the generic guideline values can be used, but with corrections to reflect the
situation on the specific site (NV, 2009). Site specific guideline values are in general
less strict than the generic guideline valuéss tan be die tothat one or more
pathwaysof exposuréo humansave been removed.

Further division can be done in cases where part obtilds contaminated to an
extent thait is classified as hazardous waste (FA). The basis for this classification is
describedn the ECdirective 91/689/EEM®f 12 December 199Human activity is

not to recommend at these placesstrictions are requireand the site needs to be
carefullyremediated

2.3 First selection of remediation method

When starting to analysevhat type of remediationmethod to choose a first
qualitative judgment is requidelt is crucial to have a good and varied knowledge of
the conditions at the contaminated site excess of pathways and redveion
objectives, as seen in Section 2.1 arl Additional knowledge is required about e.g.
the type of soil, the groundwater behaviour, as well as distribution and toxicity of
present contaminantg&urthermore,the time horizon of the remediation project is
significant to consider when doing the firselection of sustainable remediation
methods Table 2.1 shows questiondor reflection and their impact on thédirst
selectionof possibleremediation methods
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Table 2.1 Questionsfor reflectionin an early stage of the process of choosing a
reasonable remediatioomethod and some commentsn what is needed to be

consideredBased on NV, 199

Questions to reflean

Comments

Site specific

Type of sail

Soillt ype indicates the
possibility to spread to nearby areas and
groundwater.

Groundwater behaviour

If the contaminants are in contact with the
groundwater more remediation and control v
be needed.

Contaminant
specific

Most common
contaminants

Soil and groundwater samples will shoype
of contaminants and their levels. The toxicity
of the contaminants is also essential. This
information is important for choosing a
remediation method that is effective. Differe|
techniques are developed to defeat different
types of contaminants like efgels and
metals.

Behaviour, orgoing and
future distribution of the
contaminants

Mobility is a good indicator of how well the
contaminants will bind to soil particles. High
mobility means a low kvalue, se@able4.1.

If the mobility is low (high K-value) it is
possible to assume that the contaminants w
bind to small soil particles and then a treatm
like physical separation is to prefer

(FRTR, n.d.).The ongoing and future
spreading of contaminants gives boundary
conditions to the remediation method.

Volume of contaminated
soil, location, width and
depth

Largeamounts of contaminated soil can be ¢
time consumingand expensivdt is hard to
reach contaminated soil on great depths.

Project
specific

Remediation actions

Is the methogbossible to perform at the site
depending on the amount of soil, terrain anc
project risks? Is it effective enough?

Time horizon

The time amethodtakesinto accountan
differ a lot It is oftenfavourable for the
site-ownerto have a short remediation proce

Future land use

Whatfuture land use that is planned for the {
will govern which levels of remediation that i
needed at the site.
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3 Presentation ofthe MCA-tool

This chapterpresents an overview of the decision making proeé#s focus on
contaminated sitesind a general description of aMCA. The structureand the
working procesf the MCA-tool by Rosén et al. (2009re explaired The three
dimensions included in the tool and t@ncept of project riskis describedas well
asmethods founcertainty amnl sensitivity analys.

3.1 General description of decision making

A decisionmaking processlwaysstarts with a problem, e.g. a contaminated site that
is in need of remediation. The next step is to idgnsome different decision
alternatives, e.g. remediati alternative that can reduce the risks at the Based on
Figure 3.1, the following step is to analyse and evaluateitlemtified alternatives.
Here, the possible impacts of the different alternatives are anglsedey, 1982).

Two commonly used decision support tools are Bastefit Analysis (CBA) and
Multi-Criteria Analysis (MCA). These tools can support the decision making process
and providetransparency, but it is important to note that these tools can acasnly
supportto the final decision

Boundary

conditions:
Stakeholder values, :
goals, criteria and

preferences .~
o Analyses Managerial
Problem |—»| _Decision i, and Ly reviewand | pecision
alternatives evaluations judgment

Iterative process

Figure 3.1 Overview of decisiomaking process based on Aven (2003).

The boundary conditions seenFigure3.1 can bedefined by the decisiomakes but

also by experts and environmentalist or by other politicians {A2803).If there is

more than onealecisionmaker different goals and political agendaan affect the
choosingof a particular action alternative. Thgiersonal attitude towards real risk
versus perceived riskan also colour their preferences. Remkris objective and
based on evidence, when on the other hand, perceived risk is subjective, emotional
and irrational (Burgman, 2005).

The participard in a decision making process are not merely the decisaiers and
the expertsthe procesgan alsoinvolve problemowners and stakeholders who can
ensure public support and acceptance (after Perhac, 1998; Burgman, 260§t It
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be valuableto have a facilitator involved who can guide théerent stakeholders
through discussiondeeney, 1982)

The decison making process is an iterative process and the discussions andesnalys
can be repeated if an action alternative or decision preference is changed. This makes
it possible for the process end up in a well thougldut decision.

An MCA is a decian support tool used by the decision makers when facing a
complex problem. The result of the analysis gives a structure to the problem and
works as a base for further discussion in order to find the most convenient course of
action. As the name suggestsCM identifies multiple criteriaagainstwhich the
alternatives can be evaluated and then compared to each other. The basic process of
MCA is described by Burgman (2005); first, criteria are established and classified in
groups and subgroups. Criteria maywé monetary or nonmonetary values. Thereafter
weights and scores are assigned to all criteria to show how they interrelate, i.e. how
important they are in the final rating. This is a step involving a lot of subjectivity,
wherefore it should be executedy.eby a group of experts whose opinions are
summed up. Having this done, each alternative/course of action, is tested against all
criteria and can then be compared to one another. Analyses shall always be tested by a
sensitivity analysis in order to findbtv the final results reply to changes in the input
parameters. By doing this, one can find out which steps or criteria that are most
crucial for the final result.

In environmental management proje@s,aim forthe decision makersan be tdind
themostsust ai nabl e course of action. t)A common
me et present needs without c abifitpto oneet si ng Wi
therown need according to The Brundtland Commi
defined as fulfillingthree dimensions; economisgcic-cultural and ecological, seen

in Figure3.2.

Socic-cultural

Sustainable

Ecological solutions

Figure 3.2. The three dimensionssulting insustainabilitybased oV (20114

3.2 Theoretical description of the MCA-tool

The MCAtool presented iniMul ti kriterieanalys for h =1
met odutveckling och eaxms m@ adentifyp sustainalbld | 2 mp n i
remediation alternatives for contaminated sites and make a ranking fatiznigr
among the alternativesccording to Rosén et gR009). Sustainability isassessed
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through the ecological, economandsocic-cultural dimensionsyhich are defined by
a number of criteria, seeigure 3.3. The sustainability caeither be strong, where
there are no negative effects on any of the criteria, or, if this is not possinlélto
weak.Weak sustainability means thaggative effects on some criteria are acagpte
they can be compensated by positive effects on other critexiathe net effect is
positive.

Sustainability

L™

Ecological dimension Sociccultural Economic dimension
dimension
Key criteria: Key criteria: Key criterion:
- Ground - Health (contaminants) -Sociceconomic
- Surface water - Health (measure) profitability
- Ground water - Cultural environment
- Air - Recreation
- Sediment - Land use orsite

- Use of natural resources - Land use ff-site
- Justice and acceptance

Figure 3.3. The three dimensiord sustainability andhe suggested key critel
fromRosén et al. (2009).

Depending onthe desired degree of specificity, there are several different methods to
choose from when doing an MCA. The M@dol evaluated in thidastets thesis
uses two of them in combinatiotinear additive methodand noncompensatory
method The linear additive method is frequently appligduses scores to describe
how well eachalternativeperform on the differentriteria and weightsto showthe
importance okach criteria in the finahting (Belton & Stewart2002) see Eq. 3.1

GUEOT) = By ) X BG)
(3.1)

w0 o) = Final value for alternative
wWow = Weightof criterioni for alternativex

040 = Score of criterion for alternativex

Each criterion in the ecological and the sewidtural dimension are given scores
between-2 to +2. The scaleis going from probablynegative effect to probably
positive effect, as seen below.
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Probably negative effect2
Possible negative effect-z
Negligible or norexistent effect = 0
Possible positive effect = +1
Probably positive effect = +2

All dimensions are weighted equallplso the key criteria in the ecological and
sociccultural dimension are weighted as equals. This is true for the general case, but

the tool can include weightingf the dimensions and/or key criteran decision

makers requegRosén et al., 2009All scores6 for each dimension is summarized

and put ogether in a total index for each alternative { é N) . The wecolog
dimension is calculated according to Eg., 3dking into account the scores of each
environmental criterion, e=1..[Rosén et al2009.

Qe BY. 1 6 (32)

The soob-cultural dimension is summarized in a similar weaking into account the
scores of each sociultural criterion, s=1...$ee Eq 3.3Rosén et al2009.

Hsi = Be21 G; (3.3)

The economic dimension is expressed according to Equigedel3 is the net present
value in a cost benefit analygRosén et al2009. See also section 3.6.

Qo= B (3.4)

When the final value of each alternative is calculated, eachndinreis normalized,
see Eq. 3.5

.'OO’NQ L "O‘YV'Q ., 0 Q
"O= baw 06 Op1.5 ;0@ Op1.y V@ 0Aw Oy 5 ;0@ Oy g V0w ™0 15 ;0@ 0 15
3 3

In the tool, the noitompensatory method is applied when no compensation between
the criteria is accepted, i.e. a negaseere on the criterion cannot be compensated by
a very positive score on another criteridiis is primarily a method to sort out the
alternatives that has a strong sustainability.

3.3 Working process

An overview of the working process is given figure 3.4. First, a number of
reasonable alternativdsr remediation are identified. Thiscludes identifyingthe
null-alternative which will serve as refence forall other alternatives. Many aspects
are taken into consideration whelentifying thealternatives, g. location, type and
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behaviour of the contaminants, exposure situatimmn and for future land useMore
information abat this first cull isfound in Ghapter2.

Step twois to score each criterion in the ecological and soaltural dimensionsTo
aid in the assessment areatrixes with relevant keyquestionsto considerand
examples of scenarios for the vari@wgarding of points.

Stepthreeis to take the economic dimension into account by performing a CBA,
which is a way of comparing the total positive impacts with the total negative in
monetary terms. This process is further described in Sectoifl$en the alternatives
are compared toaeh other and ranked in terms of sustainability, by calculating the
sustainability indexG, see Eq. 3.fRosén et al., 2009

A negative sustainability index indicates that sustainability is not achidie.
sustainabilityindex is positive and nonegative effect exisishe sustainability is
considered strong wherefore the alternatives can be ranked and the MCA is fulfilled.
If however,an alternative has negative impact on any criterlba,sustainability is
weak. If this cannot be accepted thgqess must be iterated from step 1. For the
cases where weak sustainability is accepted and no measeiffiesind whonprovide
strong sustainability for any of the alternatives, the process continue by finding
criteria to control the weak sustainability.

If one or more of the alternatives fulfil the new criteria the alternatives are possible to
rank and the MCA is fulfilled. If not, the process must be iterated from step 1. A
schematic figure of the MCA process can be seéfigure3.4.
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Figure 3.4. Flow chart for the MCA process (Rosén et al., 2009).
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3.4 Ecological dimension

Key criteria in the ecological dimension are selectedhenbiasis of the c 0 s ysst e mo
media;air, surface water, sediment, groundwater and(Rmkén et al., 2009 hese

criteria arescoredbased on how the ecological functimaffected. In addition to

these five criteriaconsumption of natural resources included,which considers
consumption of finitenatural resources, e.gxploitation of new lands folandfill,

usage of natural gravahd the consumption of fossil fuel

The &sessment of tlse sixkey criteriais made with the help of supportimyatrixes
with key questionsto consider But asremediationprojectsmay differ from case to
case, complementary criteria might be requiildee following is a brief description of
the six key criteria and how they should bsessed.

1 Air. The criterionair includes emigsns and impacts oair caused byhe
remediation alternative comprising greenhouse gases, acidifying and
eutrophying substanc¢Rosén et al., 2009

1 Surface waterThis criterionevaluates the impact on surfagaterproperties;
flow, flow velocity, waer level and chemal quality Rosén et al., 2009

1 Sediment.In this criterion, the first thing taonsideris to examinehow
important the sedimenis from an ecological perspectivéVhen this is
established, itshould beconsidered howremediation alternatives affect
sediment quality or functiofRosén et al., 2009

1 Groundwater.In this criterionit is examined how groundwater quality is
affected by theremediationalternative Factorslike how and how fast the
contaminant(skpread as well as th impact on organisms exposedtaking
advantagef groundwaterareof importancgRosén et al., 2009

1 Soil. For this criterion the significance of the soil from an ecological
perspectiveshould be assessed firSecondly it isexamin& how the fundbn
in the ground, in terms of ecology, changes as a result of remediation
alternative Rosén et al., 2009

1 Consumption of natural resourcds. this criterionit is assessed how natural
resources are affected lilge remediation alternativeExamples ofnatural
resourcesre; surface and groundwater for water supply, the use of sand and
gravel, the use of fossil fuels by e.g. transport exchvationrwork (Rosén et
al., 2009.
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3.5 Sociccultural dimension

In the sociocultural dimension values which canri# monetized are handleelg.
perceived risk and anxietyhe dimension includes thi®llowing criteria: justice and
acceptance health for people living nearby, cultural environmegigcess to
recreational areaandland use As for the ecological dimeion, there are matrixes
with key questions tsupportthe assessment. Tlelowing is a brief description of
the criteria and how they should besessed.

1 Justice and acceptancd&his criterion includes third party peoplee. not
those who are diregtlinvolved in the project's execution. An assessment
should be made whetheme or moregroups in society benefifrom or
disadvantage of theemediation alternative, now or in the futuRoEén et al.,
2009.

1 Health. Health includes two criteria; the first "health with respect tosites
contaminant§ addresses the health risks connected withlctimaminanton
the site affected byhe remediation. The othesriterion concernindhealth is
"Health with respect to thremediationaction's execution'concerns for
examplerisks to workers at the workplacend how they areexposedto
contaminant&nd the risk of transport accidei&osén et al., 2009

T Cultural environment.Here it should be assessedhether a culturd
environmentbenefit fromor disadvantageof the remediation alternativé
cultural environment can besolitary objects or buildings as well as
environmentgelling something aboutistorical timegRosén et al., 2009

1 Recreation and outdoor activiseThere is often a change in land use oa th
site after aremediation this criterionconsiderswhether there is ahange in
possibilities foroutdoor life andbr recreation in the areas a resulbf the
action(Rosén et al., 2009

9 Land use ofbite. This criterion includes all other influenceen the area
outside thesite. It can for exampleoncernjobs or housingRosén et al.,
2009.

9 Land use ossite. Thelast criterionhandleduture landuseon the siteand hav
it is affected by remediatiofiRosén et al., 2009

3.6 Economic dimension

The economic dimension is handled with a CBA, whéch way of comparing the
total positive impact (bene$it of a project with the total negative impact (spsthe
goalis to assess theociceconomical profitability This is possible by putting
monetary values on all or most of seémpacts. All costsand benefits are calculated
and summarized toraet present valuand adiscount rate is used to convert future
incomes and costs intopresent value. The analysis can be doranésx which means

“Gerda Kinel| Analyst, lecture notes from the course: Risk Control in Engineering (BOM125)
Chalmers University 20102-17.
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doing the CBA before the project is implemented epegt when the project already
has been carried o(lRosén et al, 2008)

In 2008, Rosén et allescribedhe use ot CBA for prioritizing amongstemediation
alternatives.The purposeis to compare the benefits and costs of a number of
remediation alternatives with aull-alternative The method is shortly described
below and schematically seenfigure3.5.

1 2 3 4
Definegoal and Identify costs Choose valuating| | Calculations and
project andbenefits method and conclusion
alternatives monetize

Figure 3.5. Flow chart for the cosbenefit analysis according to Rosén et al., (20!

To begin with, it is important to have wealefined goals and project alternatives,
including thenull-alternativeor reference alternative. The next step is to find all costs
and benefits related to the different alternatives. To facilitate and rationalize this
process, suggestion on benefits and costs typically connected to remediation actions
are listed in Rosén et al (2008). The benefits have three main categociesised

land value, net impact on marketiced servicesand goods and net impact on
nonmarketpriced services and goods The main categories for costs atlee
following: cost for performingthe measure, negative effect on health due to the
measureandnegative #ects on ecosystem services and goods

When reaching step 3, the challenging task of quangfyire costs and benefits
begins;especiallyservicesand goodsthat are notraded on a market are difficult to
monetize.Two examples of methodsfor doing thisare; the contingent valuation
method where people are asked how much they are willing to pay for a certain
scenario andthe hedonic pricing methodhat use the connectiobetween a
good/service and its characteristics to calculate the monetary value (Rosén et al,
2008)

In the last stagehe monetized values of all bensfibsts are summarized and the
Net Present dlue (NPV)is calculated according to Eq63vhere:

v s k¢ 1 » o
LU= Boilmz (0a 0Oq) = B (3.6)

“Y= Time horizon [years]
1 = Discount rate

0 = Benefits [SEK]

0 = Costs [SEK]

The result of thé Daxyis interpreted as followgRosén et al., 2008
0 0Gxp< O
006> 0

Indicates a negativ&cioceconomigorofitability.
Indicatesa positivesociceconomic profitability
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3.7 Project risks in the MCA -tool

Project risks ee included in the MCAool throughthe CBA, where the project risks,
concerning risks for delays anisks for work related accidesitare mortzed and
included in the costs (Rosén et al., 2008).

A project risk is an unintended event in a project that may lead to an increased cost or
benefitto the siteowner. Risk is generally defined as the probability afunwanted

event to occuweighedwith the consequences if it does occur, e.g. by multiplying the
probability with the consequence. All projects have some sort of uncertainty and the
bigger the input or cost, the greater becomes the reason to lower the uncertainty in the
project,i.e. the probability for an unwanted event to occur.

Generally, the uncertainties are associated with; estimates, design and logistics,
objective and priorities, and relationship between project part¥smpmané&
Ward,2009. Variability in estimates icludes project parameters like time frame,
quality and cost. In design and logistics there might be uncertainty in specification of
job assignment. All parties need to understand their role in the project but also how
they are related to the objective. Alhe connection and communication between the
different parties is important. To sum up, good project management results in good
uncertainty management.

The project risks can be divided into the work phases of the project;
preparation/planning, implemetitan and follow up.

3.8 Uncertainty and sensitivity analyss

It is recommendin the MCAtool to performa sensitivity analysjsbut it is not
specified what method to ugeosén et al., 2009)n the CBA, it is suggested to make

a sensitivity analysis for thdiscount rate and also investigate the reliability of the
other input data. Rosén et al. (2008) suggest that this can be done either with a
statistic simulation or with a more simple method.

Uncertainty and/or sensitivity analysis is a way tolesgthe uncertainties in the
model This is importantespeciallyfor models that involvénput parametershat can
vary from typical to extreme scenarigBurgman, 200b An often used approach to
explore uncertainties and sensitivities in environmental risksagsmntare byMonte
Carloanalyses

A Monte Carlo analysis operates with random variadéhekf an input parameter in a
model is uncertain it requires a statistical distributiéfter applying a proper
statistical distribution the Monte Carlo simuati starts by running the model over
and over againto estimate the likelihood of different ootbes of the model
(Burgman, 200p This is schematically describedkigure3.6. With the Excel addn
Crystal Ball,the simulationcan beperformed10 000 times Someusefulresuls from

a MonteCarlo simulation are.g.whatinput parameters that affect the outcome the
most (are most sensitive) anletuncertainty irboth input parameterand in the
outcome of the modelccording to Burgman (2005)his providesa possibility to
justify decisions Moreover,a Monte Carlo simulatiogives indication aboutwhich
parametrs that neetlurtherinvestigatonsin orderto beestimated right
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NPV=g(x,y,z)

Distribution of
NPV

Figure 3.6. A schematic description of a model and the use of Monte
simulation (after Suter, 1993; Burgman 2005). The input parameter; X, v,
their distributionsare aftermodellingresulting in e.g. a NPV. The Monte C:
simulation makes the distribution of the N@Me result from the modgbossible t
analyse.

To perform a uncertainty and sensitivity analysigrfthe economic dimensian the
MCA a Monte Carlosimulationusing the software Crystal Ball appropriate The
most interestingimulations are the ones made foe calculated NP&. Results of
interest from the distribution of the NFare

T 0(00ax> 0), i.e.howhigh isthe probability that the NPV is positive.

1 The %% confidence interval (Cl), i.e. amterval which the NPV will be
within with a probability 0f95%.

1 Meanvalue’ of the NPV.

{ Standard deviatioh, a measure of dispersion based on deviations from the
mean

Two statistical distributions are uséar the input parameteria the CBA performed
in thisMasted thesis. These are thmiform andthetriangular distributios.

The uniform distribution is a model forindependent random variatioseeFigure

3.7 for the shapeThis distribution is ofterused when the uncertainty is unknown,
when equiprobable appears (Burgman, 20@5%. used in thisMasted thesis e.g. on

the input parametepeope involved incar accidentwhere it is knom how many and
how few that candinvolved in a car accident but there is no information available on
the most probable number of people involved.
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f(z)

a 0
Figure 3.7. Uniform probability distribution

The nean valuée , andthe standard deviatioh, is calculated according togE3.7 and
3.8 based on Burgman (2005)

. a6

== (3.7

= 0 (338)

o= Lower boundary value
0 = Upper boundary value

According to Burgman (2005he¢ triangular distri bution has a lower andipper
boundaryand a moslikely value ofa parameter, sdeigure3.8 for the shapeThis is

a distributionsuitablefor expertjudgment and Wwen no other distribution is possible
to uselt is usedin thisMaserd thesise.g. on the input parametamount excavated
soil, for which amost likely valueis known, but this value might diffeand there is a
limited knowledge of how muchThis distribution can result in biases for skewed data
and often too large wglts are given to the tails (Burgman, 2005).

f(y)

Figure 3.8. Triangular probability distribution.

The nean valué , andthe standard deviation, is calculated according to E§9 and
3.10based on Burgman (2005).

¢ o fron (3.9)

[ = (I)2+d)2+d?18(1'1b TARIEAR) (3.10)
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@= Lower boundary value
o= Best estimate of the parameter (mode)

o= Upper boundary value

However, forthe ecological andociccultural dimensiog a Monte Carlo simulation

with Crystal Ballwas not performedThis is due to that there amo numerical input
parametersused in these modelsmerely scoring is performed. The scoring can
insteadbe analysedhrough a sensitivity amgsis discussed in Burgman (20053 his
analysisexaminesaccording to Burgman (20D5what change that can be expected

of the outcome if a parameter is changed by a small amount in the region of the best
estimateé The analysisalsoshows how sensitive a model is to differerpertviews

and judgmentvhen scoringhe criteriain the ecological andociocultural dimension

The sensitivity analysis performedoy Eq.3.11.

<

{f

th = vo (3.11)
iy, = Sensitivity

@ = Output variable

0 = Parameter

Y& = A small change in the output variable

Y0 = A small change in the parameter

The result of the sensitivity alyais is interpreted as follows

in 1 Indicatesthat theoutputis sensitive tgparameted .

in~0 Indicates thaparameted has little influence otthe output variable.
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4 Case study,Hexion

This chapter presentgeneml information about industrial history, future land use,
geology, hydrogeology and the contamination situationthet case study site
Tradgéarden 1:124ceferred to aHexion.

4.1 General information

A case study fothe siteTradgarden 1:24, often referred to as Hexiohas been
performed. Theproperty,with an area of 3900 nf, was acquired in 2007 by NCC.
Before thatthelast company to operate on the site \Maxion Speciaty Chemicals.
Due to the former industrial activities, the site @awheavily polluted. NCC intets
to remediation the site and turn it into a residential are@he site is interesting as a
case studybecauseit is located ina well-developed area and ian ongoing
remediatiorproject.

Hexion is situated in the oldentreof MéIndal, south of Gothenburd\ railroad,
Borasbanan, markihe northern border of the site, in the west there is a small forest
area and Kvarnbygatan lies south of the site. Inretiet along MoIndalsan, an area is
situated with some old industrial buildings, cafés amgseumsThe topography is
varied, sloping heavily from north to south with 32terdifference in ground level at
most.SeeFigure4.1 for an overview

-~

Y .-f’"c“ pes:
, "i,;::\,\Molvr‘a‘daLsan
. ‘ -

- ol B
.‘_.-"(\‘ hEe ‘
Figure 4.1. Aerial photoover Tradgarden 1:124, Hexiomhe white line marks the
border of the sit@nd the dotted line marks Mélndals& Lantmateriet Gavle
2011. Medgivand&2011/007.

20 CHALMERS, Civil and Environmental Engineering Ma st e RBAKLIOT hesi s



The site has a long history of industrial activities which starts arouf@. IBhe
chemical production steetl at the site in the 1940andin 1979it was sold to Soab

AB which produced binding agents. Hexion Speciality Chemicals the latest
company to operate on the site frgear 20050 2007 (NCC Teknik, 2007)At that

time, there were, iaddition to industrial buildingsalso cisternshardstad areaand
parking surfacesituated on the site. For an overview of the area as it looked before
demolition, sed-igure4.1.

In 2007, the property vgapurchased by NCC, whose inté&nto exploit the property.
Residences are planned for mastthe areabut also parking lotsvhich will be
situated next to the railway. Some shops and a marketplace are planned in the
southern parts. A green area will beeated in the steepest part of the slope. An
overview of the planned future land use can be seEigure4.2 (SWECQ 2009a).

" Parking space

I Housirg estates, senior care and day care

Green area

Public area with square, parking space siraps

o " = a1 MoéIndalsén

Figure 4.2. Overviev of the future land use at Hexigrbased oninformation from
SWECQ(200%).
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4.2 Geology and hydrogeology

Hexion is situatedn an area with Gothenburg till. This type of till has a complex
composition with varying fraction distribution, from sand and gravel to till with lenses
of finer grains(Adrielson & Fredén 1987. At Hexion, the @pth of the soilis
generally 515 meter with till closest to the bedrock, followed upwards by sand,
gravel and silf{SWECO, 2009a)Lenses of clay can be found at random depths. On
top of the natural fractions there daege amounts dilling materialsdue to the long
history of industrial activity The filling mostly consist®f sand, gravel, bricks and
asphalt NCC Teknik,2010) SeeFigure4.3 for a conceptuajroundmodel

The ground water flows-20 metersbeneaththe ground evel in a nortksoutrerly
direction ands not in contact with any drinking wateupply In the steep slop¢he
ground waters artesia, forming a small springThe ground water igiicontact with

the small river MdIndalsan, whichruns southeast of the sitefhe river has been
restored after many years of pollution and its protection value is today considered to
be veryhigh (SWECO, 2008). Contaminants cannatccumulate in theedimers in
Mdlndalsan due to the high flows in the river (SWECO, 2)08ccording to the
action plan made by SWECQQ0%), the large depth to the ground water levels in
the downstream area near MoIndals@ill result in a limited transportof
contaminantérom groundwater to surfaceater.

Coarse sand

| Clay

Sand/silt
Filling material

Figure 4.3. Corceptual ground model of the geology and hydrogeolo:
Hexion, based on information from SWEQD{99.
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4.3 Contaminants

The most common contaminantsthe soilat Hexionaccording to the wuepth risk
assessmenhade by SYECO 00%) are shown inTable4.1. The table also shows

an important property of the contaminarttgeir mobility. Contaminants with a high
Kg-value e.g. PAFH and aliphatic hydrocarbon >CA&35 are very stable and will

not move in the ground without any physical support from the surrounding. Lead can
also be considered as relatively stable. Contanigiwith a high mobility, (low k

value) are PAKFL, PAH-M, xylene, aromatic hydrocarbon €310 and C16C16.

Table 4.1. The most common contaminaiatis Hexion (SWECO, 2009a). Different
mobility for the contaminantaerefound in the SRP model from Trafikverket (former
Banverket), 2007. Some mobilisere also found at Toxnet, 2009a, Toxnet, 2005 and
Toxnet, 2009b.

Contaminant Mobility, K g-value
Polycyclic aromatic hydrocarbons, PAH 100
Polycyclic aromatic hydrocarbons, PAM 100
Polycyclic aromatic hydrocarbons, PAH 15 000
Bis(2-ethylhexyl) phthalates, DEHP 10 000
Aliphatic hydrocarbon, >G&10 640
Aliphatic hydrocarbon, >C1C12 5000
Aliphatic hydrocarbon, >C1216 100 000
Aliphatic hydrocarbon, >C1€35 2 000 000
Aromatic hydrocarbon, GE10 5
Aromatic hydrocarbon, C1Q16 50

Ethyl benzene 520
Xylene 39-365
Lead 1 000

Soil samplesnvestigatedoy SWECO and NCC has shown that large areas within the
property is almost unaffected by the previous industrial activities, but that very high
concentrations of different contaminants have been found in confined areas. These
heavily polluted areas and their maiantaminants are shown iRigure 4.4. The
surface soil down to 4 meters contains a large part of the contaminants, with some
exception. For exampl®EHP has the highest concentrations at degthaterthan6
meters.
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Lead, DEHP

PAH, Aliphatic hydrocarbons

Lead, PAH, Aliphatic
hydrocarbons

PAH, Aliphatic hydrocarbons

DEHP

PAH, Aliphatic hydrocarbons

PAH, Aliphatic hydrocarbons

Figure 4.4. Location of the most sevepwlluted parts of the ge and their main
contaminantbased on information from SWEGZD0D).

Sampling data from WECO (2009a) show limited effect on the ground water. All
samplesanalysedior metals showed values lower than tienericguideline values.

As for PAH, aromatics, xylene and benzenessathpleexcept two showed very low
concentrations. One sample showedoemtrations of PAH, aromatics and benzenes,
denot ed as Aseriouso 0 r genkric eguidelineswalues o u s 0
(SWECQO, 2009a).Anothersampleshowedincreasecconcentration®f PAH, xylene

and benzenes.
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5 Remediation alternatives case study

This chapter describes and explains the evaluated remediation alternatives and the
null-alternativeconsidered in the case stufty Hexion.

5.1 Null-alternative

A null-alternative is neededto be able to compare the different remediation
alternatives and theirchievements to one ariie same action, the nudllternative.
This alternativeimplicates what would happen at the site if no action atvalle
taken, i.e. if everythingontinuedas before.

For Hexionthis implies

1 The chemicalfactory continuestheir productionsof chemicals such as

binding agents focoloursand no action to minimize or reducentaminants

areperformed at the site.

Thefactorywill have approximately\380 employeesiww.121.nu, 2007).

There are limitations for unauthorized peoplestder the site and the area is

enclosed by fences.

1 There are restrictions for the employees on hovwaodle chemicals in the
factory but these restrictions are only made to avoid jeopardizing the
empl oyeesd health when working.

= =4

The goalto fulfil in choosinga reasonabl@ull-alternative is thatt is the most likely
outcome if nothing else is planned for the sifehe last active company at the site
were disusecand NCC did not purchasime site the area probablyould have
activities like earlier, with industrial purposes.

Another scenariovould be that the siteforms an attractive area for residential
purposes and that the site wasbtglt for residencesvithout any soil remediation.
However, his is not allowed aceding to SwedisHegislationand hastherefore not
been considered aspossible nublternative.

5.2 Remediation stratedes

The remediation alternatives were chosen in cooperation with Malin Norin, NCC and
Jenny Norrman, Chalmers. Alternative 1 andar presented andevaluated in
SWECO (2009b), wheralternative 2 was recommended.

All four remediationalternatives are combinations of excavation and one or more of
the following; transport to landfill, physical separation and soil wash.

Other remediation tecmiques like biodegradation, soil apour extraction and

incineration that might have been useful for remediation at Hexion was eliminated
Biodegradationvas not chosen because the method is efféctive enough on lead

compounds and it is0o time consumig. Soil vapour extraction would have been
effective on PAHOG6Ss, X y ang arematic kytrbcaribon bue nz en e,
fine fractions like clay and siltcombinedwith a groundwater level close to the

ground surface couldauseproblems with this tdmique. Incineration could have

been effective enough on many of the contaminants but the technique is too energy
consumingThese conclusions are basedl@ble2.1 and FRTR (n.d.)
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The performance athe remediationwill come intwo steps; firstexcavation of the
worst contaminatecreas at the siteseeFigure 4.4, then further excavation as the
exploitation work progressésThe excavatiofin step one is based oarspletaking

in soil and groundater, as for step two, environmental control will be enddring
ground work and it is likelyhatthis will imply further need for removal of soilhe
considered landfill areas Kikastippen in Mélndal and Heljestorp in Vanersborg can be
seen inFigureb.1. For transport distansdo the twoareasseeTable5.1.
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Flgure 5.1. Transports of contamated 50|I from Hexion
Molndal will go by E6 and E45 to Heljestorp in Vanerst
and from Hexion to Kikastippen in Mdlndal. The quarr
HisingsKarra providing new refilling material is al
marked in the map. © Lantmateriet @& 2011
Medgivande | 201/007.

*Malin Norin, Technical. DrNCC Construction, sidy visit atHexion 201205-12.
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Table 5.1. Distances to landfill and their possibilities to handle soil with different
contamination levels (SWECO, 2009b).

Contamination level | Landfill area Distance from
Hexion [km]
KM-MKM Kikastippen, MoIndal 2
>MKM -FA Ragnsells, Heljestorp | ;
Véanersborg
SEA Rggnsells, Heljestorp 100
Véanersborg

Excavation in emediation alternativ@ and 4 are based on thige-specific guideline
values also seen falternative 2 Moreover, the landfill areas are the same as in
alternative 1 and.2n addition toexcavation, alternative 3 andadsoincludes on-site
treatment.

Refilling material isrequired in allffour remediation alternatives to restore the ground
surface after excavatioit. canbe assumed that 9®of the total excavated soil needs

to be replacet The need may then differ for the remediation alternatives according to
how large amont of soil that will be excavatetlew rdilling material is assumed to

be bought andtransported by lorrytaking approximately 37 ton/transpoftom a
quarry owned by NCC Roads in HisinKgrra, Gothenburyj for locationseeFigure

5.1. The refilling is a combination of crushed stones, gravel and other filling material
common for ground constructions.

Surface water is colided and treated by a cleaning process performed at the site
before it is lead to the waste water treatment plant in Gothenburg. The main task of
this cleaning process is to separate oil products from the surfacé. water

5.2.1 Remediation dternative 1

Remediabn dternative 1 suggests disposal of all soil with antamination level
exceedingthe genericguideline values stated by Naturvardsverket: KM for estates
and green areas and MKM for officend traffic areas. These limiéseappied forall
deptls of he ground The soil is excavated and transported to a landfill and no further
treatmat of the excavated soil will be performdegure5.2 displaysthe amounts of
removed soilcontamination level ancheasure after excavatiohassed onSWECO
(200D).

“ Malin Norin, Technical. Dr. NCC Construction, study visit axiée 2013:03-11.
® Elaine Andersson, NCC Roads, mail contact 20%D6.
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Excavation
91 114 ton

+716 020 ton 75 094
<KM KM-FA
i? +—50 413 ton:I:ZA 681 tonﬁ
- . Transport to Heljestorp, Transport to Kikastippen,
Refilling at Hexion SMKM-FA KM-MKM
IBQ 909 tonJ—lO 504 toni %Z
>MKM-FA >FA Landfill
r-———"7>""">"~>""™>""™>"™>"™>"™"™"7™"7™7 |
| - i - ) |
New filling material from Hisings-Kéarra ) )

: 29 537 ton : Landfill Landfill
| |

Figure 5.2. Overview of the remediation process in alternative 1.

The excavation iglivided into 2different depths, & meter and 48 meter. The
contamination level on different depths can be se€halrle5.2. It is clear that the
most contaminatesboil is foundin the surfacdayer.

Table5.2. Total amount of removed soil in alternatiteat depths of @ and 48 m.
The values are based on the action plan for Hexion (SWECO, 2009b).

Contaminatiorievel* 0-4 m [ton] | 4-8 m [ton] Measure
<KM 12 420 3 600 Refilling at the site
KM-MKM 21 260 3421 Landfill
>MKM -FA 31 040 8 869 Landfill
>FA 7 740 2764 Landfill
x 72 4|x 18 6

*According to Naturvardsverket
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5.2.2 Remediation dternative 2

In remediation alternative,2he amount of soil being excavated is based on the
site specific guideline values defined by SWEQZD0D). The design pollutantare
lead and DEHRxccording to SWECO (200%9bFor soilsat a depth >2 m, the content
of contaminats may not exceed 2b of the restrictions for FASWECO, 2009b).

Figure 5.3 shows the different amount of excavated soil, contamination levels and
measure after excavation

Excavation

57 160 ton

¢711 160 ton 46 000 tonﬁ
<KM KM-FA
29 627 ton—‘—lG 373ton
¥ — =
- . Transport to Heljestorp, Transport to Kikastippen,
Refilling at Hexion SMKM-EA KM-MKM
;19 123 tonJ—lo 504 tonw %Z
>MKM-FA >FA Landfill

|
| Neuw filling material from Hisings-Kéarra Landfil Landfill

|
17 420 ton :
|

Figure 5.3. Overview of theemediationprocess in alternative 2.

Table 5.3 displays the amounts of removed soil at different depths according to
SWECO (200%). It can beseen that as for remediation alternative 1 the most
contaminated soil it situated the surfacdayer.

Table 5.3 Total amount of removed soil in alternative 2 at depths-éfahd 48 m.
The values are based on the action plan for Hexion (SWECO, 2009b).

Contamination level* 0-4 m [ton] | 4-8 m [ton] Measure
<KM 7 560 3600 Refilling at the site
KM-MKM 16 373 0 Landfill
>MKM -FA 15 243 3880 Landfill
>FA 7187 3317 Landfill
x 46 3|x 10 7

*According to Naturvardsverket

CHALMERS, Civil and Environmental Engineering Ma st e 2B5110T hes i s og



5.2.3 Remediation alternative 3

In remediation alternative ,3the excavation of soil will be performed as in
alternative2, i.e. on the basis of sitgpecific guideline valuesHowever the
contaminated masses aieved before transport to landfill or refilling at the sithe
sievingis done in tw steps; firstthe larger fractiong>40 mm) are separated in a
rotating trammel screeas seen inFigure 5.4. The remaining fractiong0-40 mm)
proceed into a stacreen in which the smallest fractiqgd0 mm) are sorted ouand
transported to landfiff seeFigure5.4. Stones and gravetith fraction sizdarge than
40 mm can beconsidered as clean and are therefpossible toreuse as filling
material in the onstructing process at the s{f¢dCC Teknik, 2010)All grains with a
size between 280 mm will be analyzed, classified atdnsported tgroperlandfill.
The capacity of the sieving process is approximaelyton/da¥.

Figure 5.4. Overview of the sieving process at Hexibrammel screen to the right
and star screen to the lefhoto: Asa Landsdm.

From calculationseen in Appendix At can be stated thd5% of the contaminated
soil hasa grain size >40 mm and can thus be considered.cdenoverview of the
processefor alternative Ian be seem Figure5.5.

® Jonas Wiberg, Local manager at Hexion, NCC Construction, study visit@b11.
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