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Definition of sustainability
•

In policy, the definition of sustainability is to fulfill the needs of the current
generations without comprosing those of future generations.

Sustainable
Remediation

11 septembre 2018
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History – Polluter Pays Principle (PPP)
•

The cost of the pollution abatement should be paid by the polluter and not by
their governements to return the land in its pristine state

Multi-functional
Should be able to decide
unrestricted about future land

11 septembre 2018
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History - PPP limit
•

Does not take into account the economic sphere – economic limit

•

Costs were unbearable, mainly due to a lack of technologies in those days (80’s90’s)
Consequence
Multi-functional
Birth of
the idea
to manage
the
Should
be able
to decide
risksunrestricted
and impactsabout
caused
by land
future
pollution rather than remediate
completely

Risk-Based Land Management (RBLM)

11 septembre 2018
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Risk-Based Land Management (RBLM)
•

Method to prioritize the sites that needed to be fully cleaned-up and returned to
society (leave time for problem owners, waiting future technologies, etc…)

•

RBLM = Risk study on human being and environment
To let a acceptable residual concentration into the soil

Consequence

Renouncing to the social sphere =
Renouncing of the multi-functional

RBLM

11 septembre 2018
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Policies illustrations –
Multi Functional and RBLM
•

Situation :
A piece of land is contaminated with heavy hydrocarbons – no groundwater

Policy 1 - Multi-functional
Obligation to remediate
the whole site and bring
all concentrations of heavy
hydrocarbons to
background level.
The local community
decide what to do with the
site

Policy 2 – RBLM
One possible solution
is to reuse the site as a
parking lot.
Simple HDPE covered
by solid concretre will
guarantee no risk of
spreading the
contamination

11 septembre 2018
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Policies illustration – Why is RBLM misused?
Policy has
forgotten this
essential
condition
By-pass

ABUSE OF THE
CONCEPT OF
RBLM

Policy 2 –
Parking lot

Policy 1 –
Multi-functional
11 septembre 2018
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Policies illustration –
abuse of the RBLM concept

11 septembre 2018
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•

Led to many instances of
sites where remediation
is perfectly bearable
technically and economically
with the new technologies

•

RBLM become the key driver
of the PPP

haemers-technologies.com

Societal aspects?
•

Illustration is exemple of a compromise between environmental and economical

By choosing the parking option, society
has only one option, whereas the site
might have been better suited for
residential use
Residential development has to be done
elsewhere (e.g. agricultural land)

Need to extra roads, public
transportations, utilities, etc.

RBLM

EXTERNAL COSTS SUPPORTED BY
SOCIETY
11 septembre 2018
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Social aspects?
Sustainable policy :
Take care of the current generation without compromising the needs of future
generation.
Risk of the current policy – by leaving contamination behind :
•
Burden on the next generation
•

Compromising the quality of life of current generations elsewhere than on that
site (urban sprawl, agricultural land consumption, etc…)

Confusion about what social aspect mean for sustainable remediation

11 septembre 2018
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Social aspects
•

Sustainable remediation is defined by the SURF UK-US (sustainable remediation
forum UK) as ‘’the practice of demonstrating, in terms of environmental,
economic and social indicator, that the benefits of undertaking remediation is
greater than its impact, and that the optimum remediation solution is selected
through the use of a balanced decision making process’’

•

What are these social indicator?
 The benefit for that site related to the local community for example.

11 septembre 2018
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Social indicator
•

The benefit for that site related to the local community.
Not talking about Urban Sprawl,
mobility, contamination left behind,
etc…

Should consider social indicator as
any burden transferred to the next
generation
11 septembre 2018
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Societal aspects
•

The immediate financial cost/benefit is one of the major criterias

•

The societal costs are seldom considered

•

We cannot expect the problem owners to take into account the social costs into
consideration when they choose which remediation is best for them

•

Society’s responsabilities to blend that element in the choice process, to
demonstrates that multifunctional remediation would be economically
unbearable to avoid this external cost and risk elsewhere of that site.

11 septembre 2018
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Conclusion
Sustainable
remediation

Remediating less or
greener

Prioritizing the sites
that needs to be
cleaned-up, using
the risk based land
management, and
to remediate until
no contamination is
left behind for the
future generation

11 septembre 2018
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Questions?

11
septembre
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Strategic approach to climate
protection and soil management
to fulfill the Sustainable
Development Goals (SDG 11, 12
and 13)
Nordrocs 2018
JOAN KROGH AND MORTEN STØRUP, NIRAS

Climate changes – in Denmark

According
to Denmark's Meteorological Institute (DMI) and the UN Climate
Panel IPCC, in 2100 Denmark can expect :

2

•

That the total amount rainwater will increase by 10-15 percent.

•

An increase in rain/snow in the winter of 20-40 percent. At the same time,
a slight decline in rainfall is expected in the summer.

•

Situations with very heavy rainfall in the autumn, about three times as
many as before.

•

A groundwater level 1.5-2 meters higher than today.

•

Rising temperatures with an annual average temperature that is 3-5
degrees higher than today.

•

2017 was the 10th most wet (rainy) year since 1884.

•

In 2017, there was recorded extremely high levels of secondary
groundwater
11-09-2018

www.niras.dk

Climate changes and the consequences
What do we traditionally do?
• Sea level rise
• Coastal flood scenarios – we build dikes
• Increased groundwater level
• Water in basements
• Wet agricultural areas
• Extreme rain falls
• Water in basements
• Overloaded sewers
• Wet agricultural areas
• Increased surface flow
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- Dig new drainage systems
- Extends sewers
- Separate sewers

Urban development
Strategic master plans and climate adaptation
The problems we are dealing with are:
• Extreme rain and surface drainage
• Increasing groundwater levels
• Floods

Methods for solutions
• Knowledge of geotechnical and geological conditions
• Soil handling
• Construction of roads, cables and sewers
• Landscape planning
4
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Climate adaptation Favrholm
Strategic planning of new urban area with flooding problems
1. Designation of areas that can be terrain regulated
2. Change of surface flow

3. Groundwater is just below ground level
and water can not percolate away from the
surface
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Favrholm
Analysis

Calculation of flooding areas (worst case)
using Mike Urban Flood and height contour
maps from Denmark's Digital Elevation Model
The hydraulic model is based on:
• The effect of the existing sewage system
• Drainage and capacity in a nearby river
• Waterflow on planned paved and unpaved
areas
• 100 years rain event
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Favrholm
Solution with surplus soil
• The aim is to raise residential areas so high,
that they can not be flooded

• Low lying areas are lowered further, so they
can contain the volume of water defined by a
100 years rain event
• All excavated soil is reused locally
• The residential areas are raised with the
surplus soil excavated from lower areas
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Favrholm
The final result ensures that surface water is
directed to areas that can contain significantly
larger amounts of water in extreme situations
The residential areas will be raised so that
they are is free from rising groundwater.
The new buildings are planned on pile
foundations and without basement
In areas with landfill > 2 meters, basements
can be established on original terrain and soil
filled up around the buildings to reach new
terrain levels
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Favrholm
Principle sketches of terrain-regulated areas
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Åvænget
Climate adaption of Herning City
The aim of the project is to:

•

Retain water in the area to secure Herning
City from flooding

Method:
• Excavation of basins to delay water in the
area

10

•

Raising of areas around the football course

•

Establishment of noise-reducing,
recreational landscape

•

The soil originates from the area and later
on from construction projects in Herning
City

11-09-2018

www.niras.dk

Åvænget
A dynamic approach
Digitized data (white petals)
• Height contour lines
• Hand sketches
• Soil quantities
• Landscape plans
• Groundwater data
• Surface drainage
Communication tools ex. (orange petals)
• Visualized in Autodesk 3dmax
and Scalgo
• VR-visuals
• Video animations
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Sustainable solutions
What are sustainable solutions and how do we measure them?
• Are we transporting less soil away from the construction projects?
• Do we reduce CO2 emissions?
• Do we save on gasoline?
• Do we have dry basements?
• Do we have fewer floods in residential areas?
• Have we increased the amount of recreational areas?
• How do we measure them?
• Calculations
• Divide into different parameters
(economy, social, environmental)
• Visualizations of the SDG’s
12
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Sustainability in practice
Sustainability strategies and the Global Goals
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•

In 2015, the UN adopted the Global Goals

•

Sustainable Development Goals (SDG)

•

The Global Goals consist of a total of 17 goals and 169 sub-objectives for a
sustainable future for all on Earth

•

The Global Goals calls directly for businesses to contribute with their creativity,
innovation and other resources to make a better world

•

An increasing number of companies and public authorities set goals for strategy in
terms of fulfilling a number of SDGs

•

Projects involving reuse of soil can support fulfilling of the SDGs for companies and
municipalities
11-09-2018
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Tool for visualizing the SDGs
Example

1. Describe business as usual
(0 scenario)
2. Describe alternatives
3. Select relative sustainability
solutions from pop ups in
the program
4. Evaluate visualizations
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Tool for visualizing the SDGs
• Easily accessible tool to work with SDGs
• Can be used in all projects

• Can be used in different project phases from
start-up to ongoing follow-up and evaluation
• Makes the global goals operation by using the
sub-objectives

• Illustrative output with an overview of applied
global goals and sub-objectives
• Free use on NIRAS website during the fall 2018
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Questions?

?

Thank you for your attention

” Soil management, including its reuse and
recycling, should be an integral part of city planning and construction projects.” EEA 2016
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Remediation of PCB-polluted soil using biochar: the uptake of
PCBs in earthworms, plants and passive samplers

Sigurbjörg Hjartardóttir, Ludovica Silvani, Lucie Bielská, Lucia Škulcová, Gerard Cornelissen,
Luca Nizzetto and Sarah E. Hale

Biochar
Surface area
Pores
pH
CEC
Content of
Ash
C
H
O
N
Figure from the UC Davis Biochar Database

Why?
Biochar in a circular economy perspective
• Soil remediation
• Reduce landfill
• Use waste materials
• Improved soil quality
• Carbon sequestration

Figure from the European Commission

Aims
• Aim

• Investigate the remediation effects of biochar on PCBs spiked to
an agricultural soil.

• Sub aims

• Investigate the relationship between the uptake of PCBs by
earthworms, plants and passive samplers.
• Compare the sorption capacity of two biochars, one made using
a controlled high-technology method, and one made using an
uncontrolled low-technology method.

The pot experiment design
• Biochar amended pots; 0% (controls), 1% and 4% doses
• Mixed wood biochar
• Rice husk biochar

• Phases added;

5 replicate pots

• PE passive samplers
• Earthworms to pots to receive turnip seeds
• Turnip or ryegrass seeds

• Unamended comparison pots;
• Non-spiked soil or spiked soil
• No biochar and one of either of the phases

4 replicate pots

Background: SEM (scanning electron microscope) image of hot activated pigeon pea biochar

Perlite added to pots

How?

PCB spiked to soil, biochar added

PE passive sampler added to pots

PCB-congeners; 28, 52, 101, 118, 138, 153, 180

Earthworms added to pots
Ryegrass seeds

Turnip seeds

added to pots

How?

Turnip pots

Pots in the growthroom

Ryegrass pots

Hypotheses

Soil-biochar system:
The PCBs will sorb strongly to biochar.
The sorption will differ based on biochar type and
amendment dose.
Earthworms, turnips and passive samplers:
Biochar will reduce the uptake of PCBs.
There will be a type and dose effect of the biochar.
There will be a correlation between the uptake
of PCBs by turnips, earthworms and PE passive
samplers.

Processes
Governing factors of PCB-distribution
• Size of the molecule
• Stereochemistry
• planarity
• non-planarity
• Water solubility
• KOW

Figure of PCB-molecule taken from United Nations Industrial Development Program website

Pore water
Adsorption

Desorption
Freely dissolved

Soil

Biochar

Adsorption

Pore water
Soil

Diffusion

Desorption

Figure modified from Ehlers and Loibner (2006)

Biochar

Pore water
Soil
Earthworm

Ingestion
Dermal uptake
Cross sectional view of a earthworm from Handreck (1978)

Biochar

Mucigel/rhizosphere

Transport to shoots

Soil

Plant

Pore water
Cross sectional view of a plant root from Taiz and Zeiger (2010)

Roots via passive diffusive process

Biochar

KPE-water = CPE
Cw

Pore water

Passive sampler

Soil

Partitioning
Longitudinal view of passive sampler modified from Williamson et al. (2002)

Results - earthworms
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Results - turnips
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Results - PE passive samplers
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Conclusion: supported / falsified
Soil: The PCBs will sorb strongly to biochar and the sorption will
differ based on biochar type and amendment dose.

Earthworms: Biochar will reduce the uptake of PCBs.
There will be a type and dose effect of the biochar.
Turnips: Biochar will reduce the uptake of PCBs.
There will be a type and dose effect of the biochar.
PE passive samplers: Biochar will reduce the uptake of PCBs.
There will be a type and dose effect of the biochar.

There will be a correlation between the uptake of PCBs by
plants, earthworms and PE passive samplers.

Future outlook

Big thanks to:
Geir Åsli, Emma Jane Wade, Naiara
Berrojalbiz, Dorothea Gilbert,
Andreas Smebye, Erlend Sørmo,
Gøril Slinde, Cathrine Eckbo, Heidi
Knutsen, Paul Cappelen, Amy Oen,
Tore Krogstad, Kurt Johansen,
Magdalena Rygalska, Ingrid
Johansen, Marit Langrekken,
Asbjørn, Knut Breivik

Thank you for your attention!

From healthkartrx

SUSTAINABLE AND DIGITAL MANAGEMENT
IN LARGE INFRASTRUCTURE PROJECTS
ACID PRODUCING ROCK AND SOIL
CONTAINING NATURALLY HIGH LEVELS OF HEAVY METALS

Lars-André Erstad, M.Sc., Environmental Consultant, Sweco Norway
Eva Aakre, M.Sc. Environmental Consultant, Rambøll Norway

AGENDA
• The Intercity Dovrebanen project
• Geological setting
• Acid producing rock and soil
• Fieldwork
• Data processing
• Data flow – from fieldwork to BIM
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INTERCITY DOVREBANEN PROJECT
CONTAMINATED SOIL AND BLACK SHALE
 ABOUT THE PROJECT:
1 mill m³
uncompacted
material

Cost Efficient

•

NEW DOUBLE-TRACK RAILWAY SECTION
SØRLI – ÅKERSVIKA, 13 850 m LONG

•

Project owner: Bane NOR

Potential acid-forming

 REQUIREMENT FROM THE CUSTOMER
(BANE NOR):
Contamination

350.000 m³

Climate – and environment

rock

1. ALL INFORMATION HAS TO BE AVAILABLE
IN A MULTIDICIPLINARY 3D MODELL (BIM)
2. THE CONSTRUCTION PHASE MUST BE
COST EFFICIENT AND WITH REDUCED
ENVIRONMENTAL IMPACT

Estimated
150.000 m³
black shale
rock

Natural enrichment of
metals
STERK DAG - DIGITALISERING
8.MARS 2018
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GEOLOGICAL SETTING
 Lake Mjøsa area- part of the Oslo Graben
system
 Cambro – Silurian sedimentary rocks
• Shale, limestone and sandstone
 Covered by basal till

Norwegian geolocial survey, 2018
Norgeskart.no
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ACID PRODUCING
ROCK AND SOIL
 Late Cambrian to early Ordovician
black shale formations
• Rich in organic carbon, heavy metals and sulfur
 Sulfur bound as pyrite -> pyrite oxidation
• Acid rock drainage
• Damage to structures and the environment
 Other issues
• High uranium content – potentially radioactive
• Swelling – structural damage
 Basal till containing black shale material
• Similar geochemical signature as the black shale
 Topsoil with naturally high concentrations
of heavy metals
5

TOPSOIL

TILL CONTAINING BLACK SHALE MATERIAL

BLACK SHALE
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KEY CHALLENGES
Excess rock and soil (1,5 million m3)
• Reuse
• Limited landfill capacity for acid producing rock/soil
• Expensive

Varying geology, few to no outcrops
• Drilling expenses, laboratory expenses
• Difficult to distinguish between "acid producing" and "non acid
producing" shale/soil in the field
• Large uncertainties in cost-estimates

Current framework for identifying and handling of acid
producing rock/soil is inadequate for large infrastructure projects
7

FIELDWORK
 Sampling strategy
• Soil samples: 3 samples per borehole
• Cuttings: 1 sample per borehole
• 450 drilling locations
 Drilling
• Auger drilling for soil samples
• Cuttings from total sounding for rock samples
• Cuttings and soil samples from ODEX drilling in
key areas
 Sample analysis lab/xrf
• All samples analyzed with XRF
• Key samples analyzed in laboratory

DATA PROCESSING
438 samples analysed with XRF of which 175 were further analysed in
lab
Results from laboratory/xrf imported to evaluation tool
• Rock samples evaluated based on existing methods for classification
• Soil samples – evaluated based on newly established criteria

9

CLASSIFICATION
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HOW DO WE OPTIMISE THE DATA FLOW?
COLLECTED INFORMATION
SHOULD BE EASY ACCESSIBLE TO
ALL:

FIELD

• USER-FRIENDLY TOOLS
• IMPROVE AND SIMPLIFY PROCESSES

ONLY ESSENTIAL INFORMATION IN
THE PROJECT SHOULD BE FOUND
IN A MULTIDICIPLINARY 3D MODEL:
• CONTROL
• OVERVIEW
• QUALITY

ANALYSES

EVALUATION
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MULTIDICIPLINARY 3D MODEL – INFORMATION FLOW
SOFTWARE DEVELOPEMENT, TRIMBLE
 NEW IMPORT FUNCTION IN GEOSUITE
 DEVELOPMENT OF NEW DRAWING RULE FOR
VISUALISATION IN NOVAPOINT
 VISUAL PRESENTATION GIVES INFORMATION
ABOUT:
• VOLUME OF ACID PRODUCING ROCK/SOIL
• UNCERTAINTY OF VOLUME
• NEED FOR MORE SAMPLES
• POSSIBLILTY OF REUSE
SOIL EXCAVATION PLAN
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INTERCITY DOVREBANEN
QUADRI MODEL

STERK DAG - DIGITALISERING
8.MARS 2018
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DATA FLOW: FROM BIM TO SOIL EXCAVATION PLAN
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SOIL EXCAVATION PLAN

STERK DAG - DIGITALISERING
8.MARS 2018
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SUMMARY
Laboratory and fieldwork:
Establish natural background levels of heavy metals and sulfur to
allow for repurposing of excess rock and soil
• Establish criteria for go/no-go with regards to reuse

Data handling:
Information available in multidisciplinary 3D model
• Allows for optimalisation of constructions and infrastructure and possibility to
reduce excavations in acid producing rock and soil in an early phase.
• Increase precision in cost estimates
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THANK YOU FOR YOUR ATTENTION! 
ANY QUESTIONS?
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