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Wednesday June 3, 2009
Topic 1 Leaching: lab vs field data

Measurement of the release of contaminants from roofing felt

Ole Hjelmar
DHI Water Environment Healttbenmark

The ormgoing implementation of the smlled Essential Requirement no. 3, which aims to ensure that
construction products do not cause a threat to the hygiene and health of occupants or neighbours or the
environment during the service life, into the Construct®yoducts Directive (CPD), includes the
development of harmonized, horizontal test procedures for determination of the release of (potentially)
dangerous substances from construction products. This work, which comprises procedures addressing
release to botlindoor air and soil, groundwater and surface water, is carried out by the European
technical standardization committee CEN/TC 351 in response to Mandate M/366 from the European
Commission.

One of the harmonized test methods under development, which sekiretease to soil, groundwater

and surface water, is the fiGeneric horizontal d)
of surface dependent release of substances from
situations where theshching from materials occurs as a flux through the surface(s) of the material,
generally under neequilibrium conditions, e.g. as diffusion, is based partly on an adjusted version of
the Dutch tank leaching test, NEN 7375:2004. One of the adjustmeniiedimso broaden the scope

to cover not only 3limensional test bodies such as cubes and cylinders, but also to cover the release
from sheetand platdike construction products.

This paper describes how the DSLT is adjusted to apply to-sivekplatdike construction materials,

and presents results of the test performed on two different brands of roofing felt. The paper also
presents the test methodology (the roofing felt is placed on the inner surface of a cylinder which
contains the eluent (distilledvater), see figure 1). Leaching results are presented for inorganic
constituents, DOC and PAHSs. The results are subsequently used in scenario calculations to illustrate
the potential environmental impacts under varioosditions. Figurel: A crosssection showing the

setup of the DSLT for testing of roofing felt.

Ageing under field conditionsi Some results from a longterm lysimeter study

Pascal SueDavid Bendz, Ola Wik and Cecilia Toomvali
Swedish Geotechnical Institute, Sweden

Eight lysimeters have been active at the Swedish Geotechnical Institute sincd&ar@d8,! Source

du renvoi introuvable.. They contain crushed rock, till, MSWbttom ash, wood ash, steel slag,
electric arc furnace afj, crushed concrete, and shooting range soil. Leachates from all lysimeters have
been analysed over time. The lysimeter containing 14 tons of MSWI bottom ash was carefully
excavated after 12 years and 100 samples were taken at four depths.

The results aafirm the rapid leaching of readily available elements, and also shows influence of
solubility controlled leaching. Calcium reached a steady state after ca 1 year. Part of the mobilised
calcium leached from the lysimeter, part precipitated as secondaeyatsirthat increased buffering
capacity. Both Ca and ANC showed an increase with depth.




Assessment of redossensitive element mobilityDiscrepancy between laboratory and field data

Christian Maurice and Sofia Lideloéw
Dep. of Civil, Mining and Envinomental Engineering, Luled University of Technology, Sweden

Leaching tests have become popular tools to assess the environmental effect of materials containing
pollutants e.g. wastes, construction materials, soils. Batch (EN 134&7d column (prEN 144)

leaching tests are both standardised. The standardisation regulates how the test should be performed
i.e. the procedure, the amount of material to be used and how to handle the leachate. However,
standardisation is often misinterpreted as quality immgrdhat the results of the test are relevant for

any type of material and application. The EN 1285fést has thanks to the standardisation and its
relatively low price become the most popular tests used to assess if waste material could be used in
constuctions. Basically waste materials fulfilling acceptance criteria for landfill for inert waste are
often regarded as acceptable to reuse in the society.

The aim of the presentation is to discuss the risk of using tests without a critical assessnent of th
relevance and limitations. Materials containing sulphides, iron and arsenic are specially challenging to
assess as the standard batch leaching test underestimates the risk for leaching.

The leaching of arsenic was underestimated by the EN 124&3tand the effect of open filtration,
sample preparation and test conditions are discussed. The results showed that a material fulfilling
criteria for landfill for inert waste leached more arsenic than was acceptable at a landfill for hazardous
waste. In thesecond example, the documented generation of acidic leachate from blast furnace slag in
field conditions has never been observed in the laboratory. The main hypothesis is that the
development of unsaturated conditions caused the oxidation of sulphidicaiaiim the blast furnace

slag heap and generation of acid leachate.

The selection of appropriate leaching tests should be done with regard to the real conditions that are to
be assessed. Standardisation does not mean that the test is automaticadly tdape need. A
relevant assessment requires therefore understanding of the geochemical process controlling the
pollutant mobilisation and immobilisation in the actualaterial and its application. Such
comprehension is a prerequisite to the selecti@ppfopriate leaching procedures.

Environmental assessment of a BOF steel slag used in road construction:
The ECLAIR research program

Legret M2 Chaurand B, Bénard A, Capowiez Y, Deneele 3, Reynard §, Lassabatere £,.Yilmaz D2,
Rose F, Domas 3, Béchet B Richard D/, Bottero J.Y."

& Laboratoire Central des Ponts et Chaussées, BP 4129, 44340 Bouguenais, France
PCEREGE, Europ!le de | éeARBeteTedex®® 80, 13545 Aj
°INERIS Méditerranée, Domaine du Petit Arbois, BP 3%4b Aixen-Provence Cedex 04
4UMR Ecologie des Invertébrés (LTE), Site Agroparc, 84914 Avignon Cedex 09
®CTPL, Immeuble Aristote, 25, Bd Victor Hugo, 31770 Colomiers
"ARCELORMITTAL, rue du Comte Jean, BP 2508, 59381 Dunkerque Cedex 01

Steel productio generates great amounts offrpducts as steel slag. Unlike blast furnace slag, the
use of Basic Oxygen Furnace slag (BOF slag) has been restrained due to insufficient volume stability
and to the lack of environmental regulations. This study aimedvastigating the potential release

and impact of pollutants, especially Cr and V that are present in rather high concentrations in slag,
from a BOF slag used in a civil engineering structure (an industrial platform), using ascaildti
approach. The onrgear follow up of the experimental platform showed tbatcentrations of Cr and

V were generally low in seepage waters, and in leachates from leaching testaiilyses carried

out on slag allowed us to confirm the location of these metals in rathés fteious mineral phases,

but V was also bound to more reactive silicates. No real toxicity effect of seepage waters has been
revealed from ectoxicological tests carried out with earthworms.

Keywords:Steel slag, civil engineering, chemical analysigirbgynamics, environmental assessment.




Evaluation of field-scale emissions from utilization of MSWI airpollution-control residues
stabilized with FeSO4

Jiri Hyks, Thomas Astrup, Thomas H. Christensen
Department of Environmental Engineering; Technicaiugrsity of Denmark

Leaching of salts and metals (Pb, Cd, Cu, Zn, Cr, Mo, Sb, and others) from two Dapishution-

control

(APC) residues stabilized with FeSO4 in-called Ferroxprocess (Lundtorp et al., 2002) was
monitored during

nearly 8 yearsdng lysimeter study. The main objectives were (i) to evaluate the stabilization method
in a dAreallifeo

utilization/disposal scenario and (ii) describe the leaching processes by means of geochemical
modeling.

APC residues

APC residues were collected at tMamnish MSWI plants with different APC systems: sami

system and wetystem. The sendry residue, herein referred to as SD, was sampled from the ash silo;

it was a mixture of flyash, unreacted lime and agjds neutralization products. The other resjdu
herein referred to as FA, wasol | ect ed in an electrostatic prec
without added lime and the aeigsneutralization products.

Ferroxproducts

The residues were treated in a Ferppgcess pilot plant. The Ferrgxoducts generated from SD and
FA residues will henceforth be referred to asBSBnd FAF. Moisture content, lost on ignition (LOI),
andelemental composition of SD, FA, Sband FAF were determined at accredited laboratory using
ICP-AES after total digestin in HCI/HF/HNOS3.

Lysimeters
Four polypropylene lysimeters were used in this study (Figure 1). Two lysimeters were filled with SD
and FAwhile the other two lysimeters were filled with $Dand FAF.

Leachate collection and treatment

Typically, pH, condctivity, and temperature were measureesite. Leachates were transported to the
laboratory, filtrated though 0.45 um polypropylene filters, and acidified with HNO3. Solution
concentrations oAl, As, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, N& P, Pb, S, Sb, Se,

Si, Sn, Sr, Ti, V, and Znvere determined using IGBES. Chloride (CG) content in the acidified
samples was determined by automateténtiometric titration with AgNO3.

Geochemical modeling

A percolation scenario accounting falgion/precipitation of minerals, advective transport of eluent,
dispersivity, sorption on ferrous (hydr)oxides, and diffusive exchange between stagnant and mobile
zones was seip in PHREEQ model (Parkhurst and Appelo, 1999). Complexation with disslolv
organic carborfDOC) was omitted in our model as the amounts of reactive DOC fractions (i.e. humic
and fulvic acids) in thé&PC residues were negligible (Hyks et al., 2008; Quina et al., 2008).

Resultsi example

pH

Initial pH decreased as follows: pHDS> pH FA > pH FAF > pH SDF. The highest values were
measured in SWhere pH increased from initial pH 10.4 to pH 13.1 above L/S 1 L/kg. High pH in SD
could be explained bglissolution of excess lime and Ca(OH)2 (portlandite) (Hyks et al., 2008). For
FA, the pH values increased framtial pH 10.3 to pH 12.2 at L/S > 1 L/kg. Lower amount of lime in
FA and consequently different pHcontrollingninerals such as CabAl2(S0O4)3(0OH)12-26H20
(ettringite), CadAl206(S04)-6H20 (monosulphate) &@aS04-2H20 (gypsunbhave caused the
difference.Addition of acidic FeSO4 suspension (pH < 2) during the Feprogess naturally affects




the pHdevelopment in both SIB and FAF. Excess of sulphate caused a significant precipitation of
gypsum in theFerroxproducts (Sorenseat al.,, 2000).,T he finat ur al 0 -pmdictsp f t he
controlled predominantly bydissolution of gypsum, is then expected to be significantly lower
compared with the untreated APC residuP$iREEQGC2 simulation showed that addition of
FeS04-7H20 (log k2.47) to the initial leachates from thitreated AP@esidues (pH 10.8 + 0.4)

whilst precipitation of gypsum was allowed caused a pH decrease t8.181and pH 8.28,
respectively. This was fairly comparable with pH measured in earlif 8bd FAF leachats;i.e. pH

7.62 and pH 8.35 at L/S ~ 0.1 L/kg.

Technical and environmental longterm properties of by-productsi field study and laboratory
simulation

Maria Arm', Pascal SuérHakan Arvidssof) JanErik Lindqvist
!Swedish Geotechnical Institute (SG8wedish National Road and Transport Research Institute (38R),
Technical Research Institute of Sweden

In Sweden, use of industrial {products is still hindered by concern for their léegm properties. A
threeyear research project was thereforgéiatéd aiming to:
- Identify the crucial processes of ageing related to the usefulnesgpobdiycts in roads;
- investigate the consequences of these processes for technical and environmental properties of
the byproducts, and
- propose a method for accele@ ageing to predict the lofigrm properties.

The working hypothesis was that crucial ageing processes lead to changes in pH, effective particle size
and mineralogy, which in turn determine leaching, stiffness and stability of the material.

The projectrunning through 20082008, compared naturally aged samples of twptmgucts used as

subbases in existing asphalt paved roads with samples of frephrbg duct s from produ
Steel slag of electric arc furnace type and municipal solid wasteematim (MSWI) bottom ash was

chosen. The samples were thoroughly characterized in order to identify which ageing processes had
been crucial.

The following properties were studied: grain size distribution, water content, compaction properties,
deformation properties according to cyclic load triaxial tests, mineralogy and micro structure
according to SEM and XRD, chemical composition, pH and leaching properties. For the bottom ash
also organic content and electric conductivity was studied.

The results showetthat:

- Bottom ash from the pavement edge was more aged than bottom ash from the road centre.
However, no difference in pH was found, instead the differences were said to be caused by
differences in water exposure.

- Steel slag from the pavement edge showeades of carbonation and leaching processes,
whereas slag from the road centre was identical to fresh slag.

- Water exposure to the subbase materials after ten years in an asphalt paved road was
calculated to less than 00,5 litres per kg.

- Ageing reactios in steel slag and MSWI bottom ash, ready for use, were too small to be
verified by laboratory measurement of deformation properties under loaded conditions.

- An accelerated ageing test for steel slag was set up to achieve the carbonation (decrease in pH)
and leaching that was observed in the pavement edge material.

- An accelerated ageing test for bottom ash was set up to achieve the pozzolan reactions that
were observed in SEM analyses okitu specimens.

- When properties of aged material are studiedigbas should not be crushed before tests or
examination.




Leaching of inorganic species from APC residues: a comparison
of column and batch tests

Margarida M. J. Quing Jodo C.M. BordadpRosa M. Quintd&erreira*
! GERSE Group on Environment, daction and Separation Engineering. Department of Chemical Engineering,
Polo 1l University of CoimbraR. Silvio Lima3030-790 CoimbraPortugal
2 Department Chemical and Biological Engineering, Instituto Superior Técnic&oMisco Pais, 104901
Lisboa Portugal

In this study, the comparison of column and batch leaching tests is addressed in order to characterize
the behaviour of air pollution control (APC) residues produced in municipal solid waste incineration
(MSWI). This waste is hazardous, arakihg into account their physical and chemical properties,
leaching of contaminants into the environment is the main concern. In our work the leaching
behaviour of toxic heavy metals (Pb, Zn, Cr, Ni, Cu) and inorganics associated with soluble salts (Na,
K, Ca, CI) is considered. In facgdching tests provide better means to assess environmental impact
than the analysis of total composition. Although the pH of the leaching solution is the most important
variable in leaching processes, the influence ofidiqa solid ratio (L/S) may be also important for
assessing the leaching behaviour under specific scenarios. In ourcstiutyn tests (NEN 7343nd

batch tests (based on DIN 384%4) were compared, having each of those tests specific advantages.
The ARC residuesevealed to be hazardowhen analyzed according to both tests, bélbghe most
problematic heavy metal, since the regulatory thresholds are highly exceeded. The material exhibits
high solubility, and the batch experiments showed that wheligthid to solid ratio is high, more than

50% can be solubilized. The pattern of release for the different inorganic species may be availability or
solubility controlled. In practice the availability controlled pattern is easier to identify, being mainly
associated to soluble salt species. When the results from column and batch experiments were
compared by representing the cumulative released amounts (in mg/kg) as a function of L/S, both
curves match for Zn, Ni, Cu, K, Na, Cl and Ca, but for Cr and Pb rdfisant difference was
observed. In fact, the column experiments revealed that under percolation conditions it should be
expected slow releasing of Pb along time. From this study, it can be concluded that the released
amounts obtained in batch experimestisuld be considered #we worstcase for medium term.

Metal leaching from apc residues solidified using portland cement and ground granulated blast
furnace slag

¥ ampris C.’Stegemann J.A%Cheeseman C.R.
#Department of Civil and Environmental Engering, Skempton Building, Imperial College London, UK
®Department of Civil and Environmental Engineering, Chadwick Building, University College London, UK

Air pollution control (APC) residues from municipal solid waste incineration are a problematic
hazardous waste due to their high concentrations of soluble salts and volatile heavy metals. These are
the major barriers for reuse and disposal to landfill in the UK. APC residues are classified as a
hazardous waste in the EC Waste Catalo@$e 01 07*)andthey have been the focus of many
studies, investigating different treatment methods to reduce mobility and leaching of contaminants
present. Solidification/stabilization is a webtablished method for treating metal containing
hazardous wastes and aaeenended technology for the treatment of APC residues. In the present
study, APC residues from an enerfpm-waste (EfW) plant burning municipal solid waste were
solidified/stabilised using Portland cement (CEM [) and ground granulated blast furnaggbis)y

Mixes were prepared with binder additions ranging from 10 to 50 weight (wt) % of total dry mass and
water/solids ratios between 0.35 and 0.80. The heavy metal leaching characteristics of the
solidified/stabilised products as well as the dominasthéng mechanisms were determined according

to the monolithic leaching test NEN 7375:2004. Zn leaching from 50 wt% binder samples was below
the monolithic Waste Acceptance Criteria (monWAC) for stable-reantive hazardous waste
landfills. Pb leached fromi0 and 20 wt % CEM | samples was greater than the monWAC for
hazardous waste landfills. Pb release was diffusion controlled while for the release of Zn surface
dissolution and wasbff was also observed during the test. Ca leaching was not fully diffusion
controlled but surface wasiff and potentially depletion of soluble Ca sources present may have also




occurred. Leaching of soluble salts and decalcification can alter the physical properties of the matrix
and should be taken into account when estimdting-term emissions. It is recommended that APC
residues are prgeated prior to solidification/stabilisation.

Decrease of CUeaching from MSWI bottom ash (sand fraction) by heating and repeated
washing, in view of recycling. Relation to doc fractionabn in the leachate

C.Vandecastee|es. Arickx, T. Van Gerven, A. Van BreéhtG. Wauter’
Department of chemical engineering, K.U.Leuven, de Croylaan-860B Heverlee
a. INDAVER, Dijle, Mechelen, Belgium

In previous papers we described the problénCw leaching from the sand fraction (diameter-2.1

mm) obtained after wet treatment of MSWI bottom ash in view of recycling, mainly in building
materials and for road construction. Over a period of about 6 years, we studied several methods for
reducing @ leaching: heating; extraction with ammoniumcitrate solution; particle-bsized
separation; accelerated carbonation; washing with water.

The present paper focuses on heating and washing with water, which appear of most practical and
scientific interest

It was already described earlier by several authors that dissolved organic carbon (DOC) from the ash
plays a decisive role in Cu leaching. In this study the leachates obtained by leaching of the treated
material were subjected to IHSS fractionation tentify and quantify humic acid (HA), fulvic acid

(FA), and hydrophilic organic carbon (Hy), and the results were related to Cu leaching.

Heating to 400°C decreases Cu leaching to below the 0.5 mg/kg Flemish leaching limit value. Total
DOC in the leachatdecreases simultaneously, but Hy decreases more than FA and HA.

Repeated washing with distilled water also results in decreased Cu leaching.-Aftep&ats, Cu
leaching is below the limit. DOC in the leachate shows a comparable decrease as the i@tatonce

All these observations are in agreement with our earlier finding (4) that high Cu leaching is mainly
caused by complexation with the Hy (main contribution) and FA fractions of the DOC.

Several experimental parameters were optimised and inditéhe methods are suitable for large

scale application.

Evaluation of the distribution of Cr and Mo species in leachates from recycled concretes applied
in road construction

Mesay Mulugeta Christian J. EngelserGrethe Wlbetoe Walter Lund
Departnent ofChemistry, University of Os|dNorway; SINTEF Building and InfrastructureNorway

A chargebased ffactionation analysis has been performed for Cr and Mo species in leachates of
recycled concrete materials applied in road construction. Leachapdesawere collected from a part

of the road not covered by asphalt. The leachates were passed through strong anion and cation
exchangers to extract the negatively and positively charged species of the elements, respectively. The
concentration of the chagd species was determined as the difference in element concentration
between the original leachate and the sorbent effluent. The elements were determined by inductively
coupled plasma optical emission spectrometry. It was found thaQsahd Mo predomiantly exist

in anionic forms in all the leachates analyZ€ke distribution of the species in the field leachates was
similar to that observed in leachates prepared in a laboratory.




Accelerated carbonation and washing of MSWI bottom ash: pilot exgriments and full scale
applications

Jaap Steketed@auw bv, PO box 133, 7400 AC Deventer, the Netherlands
Michiel Timmerije & Jan van AalterAVR Afvalverwerking bv, PO box 147, 6920 AC Duiven, the Netherlands

Carbonation is a promising technology fagatment of alkaline materials. It combines capture of CO
with improvement of the leaching behaviour, for most elements. Furthermore, the process is relatively
simple and cheap, if the treatment is carried out at atmospheric conditions. In that cassimatbe
equipment is sufficient.

Tauw developed a process in which MSWI bottom ash is treated batch wise with a gas mixture
enriched with CQ The primary goal of the process was to meet the requirements of the Dutch Soil
Quality Decree. This decree séinits to the leaching of raw materials which are used in contact with
soil, aiming prevention of soil and groundwater pollution.

Although carbonation is the technology which is applied, other reactions occur simultaneously, e.g.
degradation of organic atter and neoformation of iron oxides and aluminium silicates. Therefore, the
process as a whole is specified as accelerated aging.

Carbonation results in a drastic quality improvement of MSWI bottom ash. The pH decreases from
about 11.5 till 8.5, the leaing of copper, lead and dissolved organic matter (measured as DOC or
COD) decreases with about 90% and elements like chromium, nickel and molybdenum-@0&t.50
However, the leaching of chloride remains unaffected, the leaching of sulphate increasgiaoy

shows a temporary increase. Therefore, for a thorough quality improvement, carbonation alone is not
sufficient but needs to be combined with the removal of soluble salts and better fixation of antimony.
Accelerated aging and combinations with hiag were investigated on laboratory and pilot scale,
carbonation also on a practical scale. AVR and Heros build the first practical scale carbonation plant
with a capacity of 100,000 tons per year in Sluiskil, the Netherlands in 2003. Practical scale
expaiments were carried out in different reactors, e.g. in a former coal silo with a maximum bed
height of 11 m and 1,500 till 3,000 tons of bottom ash in it. The @@centration in the gas mixture

was controlled at a concentration level of 4 % (v/v). The fvaried between-2 Nnv/ton bottom ash

per hour. At these conditions the carbonation was complete8 iheds.

The Dutch incinerator Twence in Hengelo, adjusted existing composting tunnels to treat its bottom
ash. Twence as well as AVR/Heros performeahy experiments and measurements, and the process
proved to be a robust technology for quality improvement of bottom ash.

A combination of carbonation and washing was investigated on a pilot scale of 50 tons by AVR, A&G
Milieutechniek and Tauw. Sufficierlowering of the leaching of sulphate proved to be difficult,
because of the low solubility or slow release of the sulphate. Therefore, a relatively high amount of
water is needed to fulfil the criteria for freely applicable building materials in the ieits.

Potential for acid leachate formation from air-cooled blastfurnace slag used in road
construction

Sofia Lidelowf, Mathilde Grandjedh
2 Lule& University of Technology, Division of Waste Science & Technology, SWédésd University of
Techndogy, Division of Geosciences, Sweden

Air-cooled blasfurnace slag (ACBFS) has suitable physical properties for use as an unbound
aggregate in road bases. Results of laboratory leaching tests have also indicated that ACBFS can be
used without posing angisk of negative environmental impacts. However, monitoring of drainages
from a fullscale road test section with ACBFS has indicated that acid leachates (pH<6) with
associated increased releases of constituents can occur under field conbfititns. pger, the

potential and responsible mechanisms for acid leachate formation from ACBFS used in road
construction are discussed. Analysis of ay&@r time series of drainage samples and 12 year old
ACBFS from the road section indicates that acidity mightettgy from the oxidation of reduced
sulphides released from the ACBFS. Currently, the impact of intermittent wetting and drying

10




conditions on thaveathering of minerals and leaching over tifrem ACBFS is investigated under
controlled laboratory condition® verify the field observations. A combination of chemical and
mineralogical analyses is used to analyse the results.

Long term leaching of chloride salts from cement kiln dust bricks

*BESHARA A.,°CHEESEMAN C.R.
%Centre for Environmental Control diWaste Management, Department of Civil and Environmental Engineering,
Skempton Building, Imperial College, London, UK

Cement kiln dust (CKD) is a byroduct from the manufacture of Portland cement, with worldwide
generation estimated to be ~30 milliommes/year. Complete recycling of CKD in the cement
manufacturing process is not possible due to the high alkali content consisting of mainly chloride and
sulphate salts. The noecycled CKD, although not hazardous, must be properly managed to avoid
pollution to groundwater. In the UK 200,000 tonnes of CKD are landfilled each year. The increase in
landfill tax and the need to use wastes as resources are drivers to reuse CKD as a binder in waste and
soil stabilisation/solidification and as a partial subgitior cement in construction products. Reusing
CKD requires a leaching assessment to protect groundwater from pollution during-tyeliéfef the
product. This paper reports on the lgegn leaching of chlorides from compacted CKD and
CKD/sand bricksLeaching from bricks was assessed using laboratcale tests which were then
integrated with numerical models to accurately predict -tengn release during potential field or
management scenarios.

CKD was obtained with a total chloride content avadldbr leaching of 60,300 mg/Kg (6.03 weight

%). Samples were prepared by mixing CKD with water followed by compaction in 5cm cubic moulds
using uniaxial pressures ranging from zero to 7MPa. Replacement of CKD with up to 80% sand of
total dry weight was ab investigated. Solid samples cured for 28 days were subjected to the
monolithic tank leaching test (NEN 7375:2004). A modified tank test where leaching is interrupted
and samples are dried at specific intervals was also performed. The intermittergatetmkg test

allows for the effect of wetting/drying and carbonation to be taken into account when estimating the
rate and potential of leaching from monolithic materials, and more accurately represents real leaching
conditions.

The results show that thiwwest cumulative leaching recorded after 64 days was for samples
compacted at 0 MPa. Replacing CKD with up to 60% sand reduced the 64 days cumulative leaching of
chlorides by around 50% compared to the cumulative leaching of 100% CKD, with less than 10%
decrease in the 28 day unconfined compressive strength. The main mechanisms involved in the
leaching of chloride were surface wash off (up to 2.25 days) followed by diffusion controlled leaching.
The effective diffusion coefficients calculated from thetoarous and intermittent tank test were used

with a Fickian diffusion model to estimate the leaching of chlorides from CKD and-<aiKD bricks

over a period of fifty years when used as a structural component of an external wall subjected to
rainfall. The kaching at the end of life stage of the bricks was also assessed by considering a scenario
where the demolished bricks are used as a roadbed fill.

Effects of humic acids on the retention of heavy metals in cementbasst@bilized soil

a)Apichat Imyimg, b)Aniwat Pussakob anal)Vithaya Ruangpornvisutia
a)Department of Chemistry, Faculty of Science, Chulalongkorn University, Pathumwan, Bangkok, Thailand
b)Naval Science Department, Royal Thai Navy, Budhamonthol 3 Rd., Taweewathana, Bangkok, Thailand

The prgerties of extracted humic acids from heavy metals (Cd, Cu, Cr, Pb, Ni, acdrZajninated
soil had been studied to understand of their influence on metal sorption onto soitesLitts
demonstrated that humic acids decreased metal sorption ontoTéwlgetention of six metals in
cement basesstabilized soil containing humic acids had been studied. The compressive strength of
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concrete mortar decreased when the amount of metals and humic acids in soil inGieasedLP
testwas performed on the siéibed soils, the results elucidated that humic acids in soils decreased
significantly the leached amounts of cadmium and nickel. The leaching behaviors under the factors
affecting metal releasing were investigated. These factors were pH, type of leachdigm
(deionizedwater, potassium nitrate, acetic and humic acid solutions), liquid to solid ratio and contact
time of leaching. The metals could be highly released at low and high pH, while their releases were
moderate aheutral pH. The amounts of ret=sl metal depend on the type of leaching media. The
leaching by deionizedater and potassium nitrate solutions were not different. The metals were well
released whehigh concentration of acetic acid was used. The metal solubilizations from stabilized
soil with andwithout humic acids were distinguished different especially in the case of nickel and lead
species. Thincrease of contact time of leaching enhanced the cumulative amount of leached metals;
however, thdeaching flux reduced. The ion speciesthie stabilized soil could be categorized into
three groups byheir different leaching behaviors. (1) lons whose leachability only depend on the
concentration ofmobile ions in pore water (Na, and chloride ions); (2) lons whose leachabilities
significantly depend orthe concentration of both acetic acid and humic acids in leachants (Cu and
Cd); (3) lons whosesolubilities were not affected by humic acids, but influenced by acetic acid in
leachants (Cr, Ni, Pb, arth).

Keywords Heavy metal; Humic acid; Stdisation; Leaching; Contaminated soil

Environmental Impact Assessment of the Use of Industrial Construction Materials in Hydre
engineering on German Federal Waterways

Albrecht Mueller
German Federal Institute of Hydrology (BfG)
Germany

The aim of thispaper is the assessment of the environmental impacts of different industrial slags as
construction materials in waterwagagineering projects.
1 The use of slags as construction material in German waterways
Various slag materials have been used in Gerfederal waterways as construction material for
approximately 40 years. Steel and copper slags have been preferentially applied for the
fortification of riverbanks and coastal shores as well as groynes.
Nowadays, in the process of waterways reconstmicind upgrading, these materials have to be
removed. First experiences are now available. The materials that have to be removed now have to
be classified as "waste material" because of the concentrations of heavy metals that they contain,
with the consegence that safe gip o s a | is required. The costs of
100 per tonne.
2 The behaviour of the slagpntaining construction materials in water
In order to characterise the behaviour of the material in the environment, the water/solid reaction
was hvestigated in dependence on pH, the watdid ratio, and the natural water conditions.
Different elution methods were tested, and the results were compared and discussed.
Of special interest is the prediction of the mobilisation of elements over ashagproximately
100 years.
A simulation of liquid/solid interactions of slag materials using different leaching methods:
- DIN 384144,
- DIN 17443,
- DIN EN 124571,
- DIN EN 14997;
- PR DIN EN 19528
gives information about the shodnd mediunterm behaviour of slagontaining construction
materialg
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Characterization of IGCC Slag for recycles use

Takao TANOSAKP 2, Akihiro KOYANAKA Y, and Yoshifumi WATANABE’
1) Taiteiyo cement corporation2-2 Osaku, Sakura 288802, Japan,
2) Japan coal energy centre, Mital3-10, Minatoku, Tokyo 168073, Japan

Integrated Coal Gasfication Combined Cycle (IGCC) systems improved the power generation
efficiency and has lower enginmental burden, owing to the increase in power generation efficiency.
The emissions of SOx, NOx, and €&e reduced to the level of heaoy-fired power generation
process. Since IGCC discharges coal ash component in the form of glassy molten aklgighe
expected to be effectively used as component for civil engineering etc. Chemical and mineralogical
investigations were carried out on several IGCC slags. The glass phase which was formed by
guenching is difficult to characterize by XRD analysisirsthis study, we promote the new method
by optical analysis and acid extraction tests. In our study, three phases, such as glass |, glass Il, and
crystal are distinguished. Glass | has low flux compositions, glass Il has high flux compositions which
makesthe basic character of the slag. Using for civil engineering work, Pozzolanic reactions are
important character with hydration materials (ex: cement & concrete), but to measure Pozzolanic
reaction by mortar test is necessary to wait very long term, bumethod will need several hours. It
will be useful to decide the additive amount and species of flux components.

Key Words Coal, IGCC, slag, cement, concrete, crack, aggregate, pozzolanic reaction

Influence of the cooling conditions on the nature and & size of the mineral phase in a Basic
Oxygen Furnace (BOF) slag

Mathieu GAUTIER? Jacques POIRIER, Gilles FRANCESCHIN
1 Universit® dbé6Orl| ®ans
2 CEMHTI CNRYXJPR3079
Site Haute Température, 1D avenue de la Recherche Scientifique, 45071 Orléan2, Cedese
3 ArcelorMittal Maiziéres
Research and Development, BP 30320, 57283 Maiziésddetz Cedex, France

Europe has today a double challenge. First the pressure on natural resources must be reduced. Second,
the emissions of greenhouse gases haventain in the objectives sby the Kyoto protocol (down

8% over 4 years).

The slags are produced by the industrial processes of iron and steel. About 2/3 of the slag are reused
after different cycles prior preparation. Blast furnace slag for examplegeadieulation and grinding,

are for the most part reused in the cement manufacture and contribute to savergi€Xidns

(representing 2 million of tons in France).

But depending on the type of slags, wide disparities in the recycled quantities existth&/hlast

furnace slag has a recycling rate close to 100%, this rate is lower for BOF (basic oxygen furnace) slag.
The quantities are extremely important because about 100 kg of BOF slags are produced per ton of
steel. In France, this represents 1.Jianiltons of slag produced each year.

The current valorization markets are primarily in aggregates for roads, embankments or harbour
works. However, for road applications, the swelling problem due to hydration and carbonation of the
free lime and free magsia contained in the slag is highly problematic. The third of slag production is
not recycled in France, representing 330 000 tonnes per year which are stored on site, or landfilled.
To a lesser extent the BOF slag are used in very small quantitiestifaeieand agricultural

amendments or in the cement manufacture. Mugtla} (1997) and Tsakiridist al (2008) notably
characterised clinkers prepared with the using of a small fraction of BOF slag. To maximize the
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current recycling (especially limihe quantities of free lime and free magnesia) and consider other
valorizations, it is important to investigate BOF slag and in particular studying the influence of
treatments performed on liquid slag and its cooling.

The aim of this study was to invesiig the effect of different cooling conditions on the properties the
BOF slags. The work particularly focused on studying the thermochemical processing, the phase
combinations and microstructural changes that occur in the slag since the end of the aonversi
process (around 1600°C) until the cooling at room tempegature

Accelerated carbonation of converter steel slag for environmental quality improvement in
construction applications

A. van Zomereh S.R. van der LadnJ.B.A. Kobesef) W.J.J. Huijgeh R.N.J.Comans*
1 ECN, Dept. oEnvironmental Risk AssessmeFtie Netherlands
2 CorusRD&T, Ceramics Research Centfighe Netherlands
% Corus Strip Products, IJmuiden, The Netherlands
4 Wageningen University, Department of Soil Quality, The Netherlands

Modern integrated LD/converter steelplants produce about080kg of steel slag per tonne of steel

and these aggregates can be used in many applications as substitute for quarry materials. Steel slag
imposes a high pH (12.5) and low redox potential (Eh) #rete are currently no specific
environmental criteria for (re)use of (secondary) construction materials with regard to pH and Eh or
the associated buffering capacities. While the materials comply with the regulations, it is possible that
the high pH andforeducing properties may lead to environmental problems in specific application
scenarios. The aim of this study is to improve the environmental pH and the leaching properties of
steel slag, with specific focus on the leaching of vanadium. Acceleratednedion of steel slag at
ambient pressure and wataturated and undsaturated conditions was chosen as a potentially
interesting technology for improvement of the environmental properties of steel slag. We have
observed that carbonation only takescplan the surface of the slag grains. In general the reaction
proceeds fastest at higher temperature9®TC) in the presence of water. The free lime containing
slag (K3slag) is more prone to carbonation (about 15 g/Ki) than the slag with lower frdeme

content (Kislag) (about 6 g Cgkg). The pH reduction after carbonation was observed to lead to an
increased Meaching. Particularly the K1 slag showed a decreased pH and an increbessathivig
(10-100 mg/kgDS) while the K3 slag remained withicegatable limits (<1 mg/kgDS) at the relatively

high pH. As a result, the carbonated K1 slag was found to exceed the limit values of the Dutch Soil
Quality Decree. The leaching of vanadium from the K3 slag remained below these limit values,
although it wasfound to increase substantially after carbonation. Current research focuses on
improving the Vtbinding to the steel slag matrix during carbonation.

Accelerated carbonation to improve quality of recycling materials:
a study of the realtime kinetics

Mieke Quaghebeur, Peter Nielsen, Ben Laenen
1VITO- Flemish Institute for Technological Research. Separation and Convertion Technology (SCT), Waste
and Secondary Raw Materials Groumddetang 200, 2400 Mol, Belgium

The reaction of CO2 with alkaline earth hggide system has been used for more than

thousands of years to form carbonate cements and mortars. Accelerated carbonation of

minerals has regained interest in the context of CCS. Within this context the reaction is

studied with the aim to capture CO2 drehce reduce the level of greenhouse gasses in the

at mosphere. CO2 generally is considered fia waste
perception between waste and product can however change quickly. CO2 can be used

beneficially for carbonation of meral wastes to improve the technical and environmental

guality of waste materials. Process patents have even been issued for making high value

products from CO2 and waste.

The carbonation reaction is often described as a+stejpi process involving diffion of
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CO02 into the solid, hydration of CO2 to HCO3

-, dissolution of calcium containing phases

and precipitation of solid phases. Many process and material characteristics can hence
influence the overall carbonation reaction. Understanding the ratgngrféictors with

regard to carbonation of a specific type of waste material is essential to develop industrial
applications.

Different methods have been used to study the carbonation kinetics. In many studies, the
CO2uptake is determined by analyzing tB®2-content of the carbonated material at the

end of the experiment. Continuous quantitative examination of thek@®fics is done by
measuring the decrease in G2ssure, decrease in GO@ncentration or increase in

weight during the reaction. In mast these setips, however, it is difficult to control all

process parameters (pressure, temperature;cCO@2 cent r ati on, €é) during the
reaction making it difficult to develop a proper understanding.

The present investigation was undertakenudysthe kinetics of the carbonation reaction

with the aim to optimize the C@2Zptake as well as the environmental and technical
properties of different types of waste materials. In the first step of the project a fully
automated carbonation unit was instented in which process parameters such as pressure
(0-150 bar), temperature-g50°C) and steering rate can be controlled, monitored and
changed instantaneously during the carbonation reaction. The consumption of CO2 during
the reaction was monitored byeasuring the flow of CO2 that was supplied to the
carbonation unit. Coreolus meters,-gptin parallel, enable accurate measuring of a
pressurized COflow over a large range (< 0.02 g/min up to 300 g/min) for both liquid and
gaseous CO2.

Experiments revaed that the ideal gas law (PV= nRT) is not accurate to calculate CO2
uptake based on observed changes in temperature and pressure. This can be explained by
the fact that CO2 is not an ideal gas. The wvan
study,successfully be used to calculate the €&@fake based on the observed changes in
pressure, temperature and consumption of CO2 during the carbonation reaction.

Results will be presented of the effect of pressure, temperature andd@Gghtration on

the ral-time kinetics of the carbonation reaction of steel slags.

An Ecoefficient Method for the Valorisation of Municipal Solid Waste Incineration Fly Ash:
Effect of cation alkaline

A. Guerrer8and M.P. Lorenzy S. Gofft
a. Instituto de Ciencias de la Constcion "Eduardo Torroja" (CSIClJnidad Asociada NANOC
C/ Serrano Galvache, 4, 28033 Madrid, Espafia.
b. Facultad de FarmacidJniversidad de San Pablo (CEU). Campus de Monteprintigeanizacion
Monteprincipe28668 Boadilla del Monte, Madrid, Espafia.

The generation of bottom and fly ash from municipal solid waste incineration (MSWI) play an
important role on the social and environmental problem. The great amount of these wastes must be
disposed of in landfills. This paper describes a new ecoefficienhoaelogy that allows the
valorisation of fly ash from MSWI. The methodology includes a hydrothermal route that minimizes
the gas emission to the atmosphere, and allows the used of different dissolutions: water, alkalis, etc
together pressure and temperatur order to optimizing the valorisation of this waste in alternative
materials. This methodology leads to conversion of fly ash in aluminosilicate phids@otential

value in waste treatment applications, and their use in stabilizing a variety loftdot and
radioactive wasteopening new opportunities for stabilization and applications of this type of waste,
such as new cemebtised materials. This paper described the effect of two alkaline ions: sodium and
potassium, and their concentration. iBes, the method, used a short range of temperature (ambient to
200°C), the time is also an useful parameters. The fly ash was characterized by X ray diffraction
(XRD), FT infrared (FTIR) spectroscopy and surface area (RETanalysesAs a result of theation

alkaline and their concentration, phases as;Alf&(SiO,)(OH)s, of the structural family of
hydrogarnets, begin to appear (the surface area of the fly ash increasg/=3;(882,)s «(OH)4), Of
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the structural family of garnet, is formed and timeoant of Ng[AISiO4s. 4H,0 is formed together
with aluminum tobermorite (G8isAl(OH)O17.5H,0); CaAlFe(SiO,)(OH)s decreased.

Development of geopolymers from plasma treated air pollution control residues from energy
from waste plants

loanna Kourft, D.Amutha Ranf®, D.Deegaf) A.R. Boccaccirfi C.R. Cheeseman
®Department of Civil and Environmental Engineering, Imperial College London, UK
PDepartment of Materials, Imperial College London, UK
“Tetronics Ltd., South Marston Business Park, Swindon, UK

Energy from Waste (EfW) plants treating municipal solid waste control the release of atmospheric
pollutants to below regulatory emissions thresholds by removing flue gas pollutants using air pollution
control systems that generate Air Pollution Control (AR€3idues. This waste is classified as
hazardous waste primarily because of its high alkalinity (> pH 12), although it also contains volatile
heavy metals, significant levels of soluble chloride and sulphate salts, and organic contaminants
including dioxire and furans. Research is developing an integrated solution using DC plasma
technology to treat APC residues. This reduces the volume of the waste and produces a stable and inert
glass that has potential to be beneficially reused as a product, endieguitstary classification as a
waste.

The glass derived from plasma treatment of APC residues has been characterised in terms of
composition and used as the main component in the formation of geopolymers. The effect of NaOH
concentration and curing time @ompressive strength is reported and the optimum geopolymer has
been characterised usingry diffraction and SEM/EDX. In order to evaluate the potential for using
these materials in a range of applications the density, water absorption and porosityedave
assessed. Geopolymers have been formed with mechanical properties suitable for construction
materials with compressive strength ~ 100 MPa, density ~ 2000 kgyter absorption ~ 7% and
porosity ~12%The research presents a novel, simple processrimsforms hazardous waste into a
marketable sustainable material.
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Valorisation des roches pouzzolaniques du gisement de Be3af (Algérie) par transformation en

granulats pour bétons spéciaux

A. Ferhat, M.S Goudl, I. Gouaf, A. Khelaf?
& Division : développement des matériaux, Laboratoire de Génie Civil, Université de Laghouat, Algérie.
Laboratoire de G®nie Civil, Universit® des Scie

Les activités volaaiques projettent dans certaines régions des quantités importantes de roches de
minéralogie différentes. Parmi ces roches volcaniques, on trouve la pouzzolane. Ce terme provenant
de Pozzuoli (port italien proche de Naples) désignant des cendres trachypigpesuses. Par

extensi on, ce terme d®signe aujourdobéhui l es scol
se trouve en abondance dans larégionde8énif ~ | ouest de | 6Al g®ri e, a
constitue a la fois un géne envb nne ment al et une perte de mati

gi sement de pouzzolane dans cette r®gion do6Al g®
premiere susceptible de répondre aux besoins en matériaux de construction et de saisfaire le
objectifs dé®conomie dbé®nergie et de |l a protect
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transformer ces roches en granul ats gipemettrh 6 ® ab o
déun point de vu m®c agesitransnesesc da stmcturei etd I fendation etgle ¢ h a
botir sur des sols de faible portance. Déun po
construction des performances thermiques intéressantes en minimisant le coefficient de conductivité

thermicue.

Deux c¢classes granulaires de pouzzolane ont ®t®

| ®ger objet de cette ®tude. 1|l sbdagit des cl asse
mélange de sable alluvionnaire 0/2mm et de cini#nt. En effet, deux types de ciment composeés, le
CPA325 et l e CPJ45 ont ®t ® wutilis®s afin dbéapp
performances mécaniques des bétons élaborés.

Léobjectif de ce travail cigatios physicomécaniques des bétons mu | a -
de granul ats pouzzolaniques. Cette ®tude met en

de ciment et le mode de cure sur les performances mécaniques a court terme des bétons élaborés. Les
résultats obtenusiontrent que la masse volumique des bétons élaborés diminue de plus de 25% par
rapport & un béton ordinaire sans gue la résistance mécanique a la compression desietaideau

val eurs recommand®es pour un b ®migue malgiéges faiblese ¢ o n
dosages en ciment utilisés. De plus, la classe de ciment influe sur les caractéristiques mécaniques et

sur l a masse volumique. La cure dans | 6eau per
28jours de plus de 40% par rappor l a curfoudaedro®i paildmaugment at i
ci ment et en granul at per met dbébaugmenter | a r ®s

volumique du béton de granulat de pouzzolane.

The glass waste as fine aggregate and pozzasaaddition in concrete

Maria GHEORGHE Nastasia SACA, Lidia RADU
Technical University of Civil Engineering of Bucharest, Chemistry and Building Materials Department,
Romania

The paper presents experimental data referring to the influence of glass(lagme) as
aggregate substitute on the concrete properties. An industrial E glass waste was ground up to a content
of 64 % particles smaller than 0.5 mm.

The diminution/elimination of the aggregate alkali reaction (ASR), potential expansion in the
glass vaste containing concrete is based on the knowledge and control of the influence factors
concerning the particle dimensions, the composition and quantity of the waste glass particles. As
consequently it was studied the ASR expansion evolution due to céffrence mortar and of those
with E glass or with packing glass waste, particles under 0,5mm, up to 12 month, using the mortar bars
method. The mortar bar expansion was of 0.24 mm/m, for E waste addition, 0.56 mm/m for packing
glass addition and 0.42 mm/ffor the control bars. The alkali content g0a+ K,O) of E glass was
0.6% and 14.5% of packing glass, was a favorable premise ofi alkedi reaction decreasing.

The compressive strength of samples with 33% E glass was 21, 26 and 30 % higher tifan that
the control sample at the age of 28, 90 and 360 days. The bending strengths also were higher than
those of the control sample with 3, 8 and 10% at the same ages. The concrete shrinkage was 1.54
mm/m at 360 days age. The mechanical strength increadeeqgastified by the pozzolanic character
of the fine glass particles.

The concrete workability decreases at the increase of the amount of glass due to fibrous shape
and to the great quantity of fine particles, therefore the use ofraige water reduceedmixture
was necessary.

Based on the obtained results one may affirms that 0.5mm particle size fine aggregate
substituting by E glass is beneficial to concrete compressive and bending strengths.
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Use of waste glass in cemetiiased materials

Rachida IDR"? Martin CYR', Arezki TAGNIT-HAMOU?
Laboratoire Matériaux et Durabilité des Constructions (LMDC); Université de Toulouse;-INSGénie
civil
Département de génie civil, Université de Sherbrooke, Sherbrooke (Quéhraja

1

2

Demand for recyckt glass has considerably decreased in recent years, particularly forgtazed

Glass is cheaper to store than to recycle, as conditioners require expenses for the recycling process.
There are several alternatives for the reuse of compgisis. Accorohg to previous studies, all these
applications, which require paonditioning and crushing, are more or less limited and unable to
absorb all the quantities of waste glass available. In order to provide a sustainable solution to glass
storage, a potentiand incentive way would be to reuse this type of glass in concretes.

Depending on the size of the glass particles used in concrete, two antagonistic behaviours can be
observed: alkalsilica reaction, which involves negative effects, and pozzolanidioeaéimproving

the properties of concrete.

The work undertaken here dealt with the use of fine particles of glass and glass aggregates in mortars,
either separately or combined. Two parameters based on standardised tests were studied: pozzolanic
assessme by mechanical tests on mortar samples and alkalitive aggregate characteristics and

fines inhibitor evaluations by monitoring of dimensional changes. It is shown that there is no need to
use glass in the form of fines since no swelling due to adilaa reaction is recorded when the
diameter of the glass grains is less than 1mm. Besides, fine glass powders having specific surface
areas ranging from 180 to 540mz2 / kg reduce the expansions of mortars subjected -gilia#kali
reaction (especially en glass aggregates of diameters larger than 1 mm are used).

Keywords: Wastaylass, recycling, glass aggregate, glass powder, aikiak reaction, pozzolanic
reaction,mortar.

Design and performance of masonry mortars manufactured with recycled canete aggregates

I. Vegas] |. Azkarate2, M.ErrastilA.Lisbonal
1 LABEINTecnalia, Derio, Espafia
2 MORTEROS Y REVOCOS BIKAIN, S.A., MaiBizkaia, Espafia

The present paper presents and discusses the technical feasibility in the utilisation ef filaetion

of recycled concrete aggregates in the manufacture of masonry mortars containing cement as binder.
Chemical and physicahechanical characterisations of the fine recycled concrete aggregates were
studied. Results show limitations in the usetli aggregate in manufacture of masonry mortars
because its high absorption capacity and high sulphate content in comparison with natural sand.
Similarly to the recommendations for structural concrete, this study focuses on the utilisation of
mixtures ofnatural and recycled concrete aggregates in the manufacture of masonry mortars.

After characterisation, a dosage study and testing of mortars elaborated with recycled concrete
aggregates were carried out. According to tests results, it can be estabiiahedmenbased
masonry mortars can incorporate up to 25% of recycled concrete aggregate without significant losses
on its performance. The design of cerAeased mortar with 25% recycled sand replacing natural sand
needs neither new additives nor additll cement.

Keywords recycled concrete aggregate, masonry mortars, mechanical performance
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Synthesis of binders using waste materials

Martin Cyr', Pierre ClastrésMarie Coutan JearMarc Balandief, YannRoussealy Pierre Silvestre
! Université de Toulouse; UPS, INSA; LMDC (Laboratoire Matériaux et Durabilité des Consts)cfoance
2A.R.F, 22 rue Jean Messager, BP 40137, 59330 S#éniyDu-Nord, France
®Consultant Environnement Tiers Expert, 48rax@des fréres Lumiére 9008 Lyon, France

Industries produce large quantities of wastes that contain high fractions of silica and lime: sewage
sludge, paper sludge, lime sludge, foundry sands, etc. Most of these wastes are currently disposed of in
landfills, spread for agricultural purposes or incinerated. Two principal reasons lead to the proposition
of environmentfriendly alternatives to these present uses: the European directive 1999/CE of 26 April
1999 to limit the harmful effects of landfill dispsof waste, and the progressive decrease of
spreading due to regulations.
The project presented here aims to recycle wastes containing large quantities of mineral resources in
order to synthesise hydraulic binders at temperatures not exceeding 10004@tirnmae goal is to
manufacture hydraulic binders from 100% recycled waste, to be used mainly Hbuitshadg
(backfill, subgrade, etc.). The energy required for curing is obtained from substitute fuels produced
from recycled waste.
The project is dividd into 4 phases:

¢ Construction of a database of waste resources;

¢ Selection in the laboratory of combinations of wastes for the synthesis of binders;

e Industrial scale tests carried out in a rotary furnace;

¢ Validation of the results in an industrial applicat(road test).
This paper reports the results obtained so far.

Sound Recycling System for Fly Ash from Municipal Solid Waste Incinerator to Be Raw
Material in Cement Industry

"The Study of Calcinating Process of Was:c

Fenfen ZHU, Masaki TAKAOKA, Kenji SHIOTA', Kazuyuki Oshitd Yoshinori KITAJIMA?, Shinsuke
MORISAWA*
1. Department of Urban & Environment Engineering, Kyoto University, Kyoto, Japan
2. High energy Acderator Resears Organization (KEK), IbarakiJapan

We proposed a new sound recycling system for f
and Changing the treated fly ash into the raw material in cement industry. However, high
concentration of chlorm in fly ash is a big problem for reutilizing fly ash as raw material in cement
industry. So not only to decrease residue amount but also to reduce chlorine amount are important
purposes in our research. In this system, we tried three kinds of fly asheffy ash from the boiler

or cooling tower (RFA), fly ash collected by bag filter with the injection of calcium hydroxide for acid
gas removal (CaFA), and fly ash collected by bag filter with the injection of sodium bicarbonate for
acid gas removal (NaFABased on the washing experiments results, we have chosen a relatively
acceptable washing condition (th& gtep: Liquid (ml) / solid (g) ratio = 3, Mixing time = 5 min,
Mixing speed = 150 rpm; thé'2step: L/S = 3, Mixing time = 10min, Mixing speed ©1fm) and
calcinating condition (Heating temperature = 1)Q0Dwelling time = 2hr, Atmosphere = 10%, O
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(90% N, for balance), Flux = 50ml/min) for the first and second step of WCCB system. With those
conditions, 21.3% RFA, 34.9% CaFA and 72.1% NaFA can be reduced in weight, and 98.9% chlorine
in RFA, 94.0% chlorinén CaFA and 99.8% chlorine in NaFA can be removed. We also try to explain
the mechanism happened in calcinating process by uskngy Xiffraction (XRD) and Xay
absorption near edge structure (XANES). It was found with the rising of the heating temgedetre

are more complicated compounds produced such as gehlenite, akermanite and -gdielenéaite,

which is accordant with the variation of chlorineelge XANES spectra of samples.

Influence of alkaline activator type and its amount on the propeies of fly ash binders

_ Jan Deja
Gukasz Kogodzi ej

AGH University of Science and Technology
Department of Building Materials Technology
Faculty of Materials Science and Ceramics

Restrictions in C@emission and investigation in the field of utilizationRaflish ashes from hard coal
combustion in pulverizetuel boiler, fluidized bed furnace and ash fromommbustion was the
reason to make research on alkali activation of this ashes.

The main goal of this investigation is to find an optimal activator uarmhoesulting in best pastes
properties, such as: setting time, normal consistency, proper amount of water which give best 28 days
mechanical properties. Three types of binders containing 100% ash from different power plant
installations were activated bjree different type of activator containing NaOH solution, sodium
or/and potassium silicate (water glass).

The significant differences in the mechanical strength, setting time and microstructure depending on
the type and amount of activator were observexobtain information about mechanical properties,
phase composition and microstructure of hardened pastes, mechanical tests, XRD analysis, SEM
observation and EDS microanalysis were used.

Keywords: alkaline activatiorily ash, microstructure, paste

Investigation on composition effect of using tiraubber powder and silica fume to reduce
amount of cement

P.Hosseirl, A.Boushehriah S.Vahidf, S.Farshchi Tabrizi
1- Department of Civil Engineering, Sharihiversity of Technology, Tehraiman.

Ore of the most crucial environmental issues all around the world is the disposal of the waste
materials. Accumulations of discarded waste tires have been a major concern because the waste
rubber is not easily biodegradable even after a-fmripd landfil treatment. On the other hand,
deficient amount of cement in the world is a serious big problem that concrete industries are faced. So
replacement of cement with tirabber powder in concrete matrix, first helps us with reducing
environmental concerngaut tirerubber waste and second, it decreases the amount of cement usage
in concrete. But due to weak binder properties of tire rubber powders in cement based materials
matrix, we should use pozzolanic materials with high pozzolanic activity incorgpr@Erubber
powders.

According to high pozzolanic activity of silica fume in cement based materials matrix, this pozzolanic
material should be used to neutralize weak binder properties otitber powders. In this study,
composition effect of usingire-rubber powder and silica fume to reduce amount of cement is
investigated. To achieve this purpose, specimens with constant water to binder ratio (which equal to
0.35) and amount of binders (cement, silicafume aneruivber) were made and tested. Coesgive

strength and flexural strength tests are done. Results show the same strength of basic mixture (without
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silica fume and tirgubber powder) with specimens made by replacing cement wittubikeer powder
and addition of silica fume into cement nag matrix.

Key words: reducing amount of cement, tirebber powder, silica fume, compressive strength,
flexural strength.

The use of alternative materials in cemenbased solidification/stabilization of electric arc
furnace dust EAFD)

Beste CUBUKCUOGU*, Sabéha K. OUKI
Centre for Environmental Health Engineering, Faculty of Engineering and Physical Sciences, University of
Surrey, Guildford, GU2 4LE, United Kingdom

Electric Arc Furnace Dust (EAFD) is an industrial waste obtained agpeobyct of he stainless steel
manufacturing industry. It contains heavy metals, mainly lead (Pb), zinc (Zn), cadmium (Cd),
chromium (Cr) and nickel (Ni) and hence, has been listed as a hazardous waste under the code of 10
02 07* in the European Waste Catalogue.

In the UK, the Waste Acceptance Criteria (WAC) has been introduced under the Landfill (England
and Wales) Regulations in July 2005. The recent amendment in the UK Landfill Regulations meant
that all hazardous wastes have to betprated prior to landfill disosal. Therefore, according to the

WAC, EAFD waste has to be pteeated prior to disposal due to mainly the leaching potential of
heavy metals it contains.

Various technologies have been used to-tm@at hazardous wastes prior to landfill disposal.
Solidification/Stabilization (S/S) is one technique that has been demonstrated to have potential for the
treatment and possible reuse of a wide range of hazardous wastes. It mainly aims to reduce the
mobility of the waste and hence reduce the leachabilitgafiitants of concern. S/S products can
either be disposed of in landfill after pmeatment or might be reused in the construction industry
depending on the structure and chemical characteristics of the final products.

Consequently, the aim of this stus two-folds; (1) to evaluate and determine the optimum process
conditions for a final product that not only complies with the WAC but has also potential for reuse; (2)
evaluate the potential of using castective alternative matials for cement reptae me nt é
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In-situ stabilisation of contaminated sediments in Finland
Case Aurajoki

Lahtinen, Pentti O., D.Sc. (Tech.), Ramboll Finland Oy,-BBY60 Luopioinen
Niutanen, Ville, PhD, Biomaa Oy, FEI1900 Nurmijavi

Contaminated sediments have become a remarkable problem in harbours everywhere
in the world. Stabilisation is one of the best technologies to solve this problem. Mass
stabilisation technology has been already used in few harbours and the experiences
have been very good. Process stabilisation technology is an environmentally safe and
an economical way to stabilise the contaminated sediments. This is a relatively new
technology which has been tested for the first time in the full scale pilot of EU LIFEISH A
in Turku harbour in 2008. Contaminated sediments can be stabilised with

process stabilisation. The stabilised masses can be utilised in different types of soll
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construction applications, for example for harbour fillings. Different types of binder
admixtures can be fed into the mixer unit of the process stabilisation system. The
determination of the binder recipe is a very critical factor for a successful stabilisation
process. The environmentally, technically and economically best binder admixture has
to be specified individually for each application and prevailing circumstances.
Significant cost savings as well as other benefits can be obtained when using industrial
by-products as components of the binder recipes.

The GeDSeT project: constitution of adecision support tool (DST) for the management and
material recovery of waterways sediments in Belgium and Northern France.

Bruno Lemiéré, Pascale Miché| Nor-Edine Abrial’, Laurence Haoucle Agnés Laboudigu® Claire Alary’,
Rabia Badredding Benoit Hazebrouck Jérome Meersem

& BRGM, Service Environnement et Procédés, Orléans, France
b Ecole des Mines de Douai, Douai, France
“ Institut scientifique de service public, Colfontaine, Belgique
d: Centre technologique international de larfe et de la Pierre (CTP), Tournai, Belgique
% INERIS, Comportement des Contaminants dans les Sols et Matériaux, DRC Péle Risques, Verneuil en Halatte,
France

The European InterReg IV GeDSeT project (2Q081) is a contribution to a sustainable
managenent of waterways sediments, in order to develop good practice in a perspective of water
resource protection and of the development of regional fluvial transport.

Waterways sediments are a major environmental issue in the Walloon region of Beldarthern

France trandoundary region for several reasons, all of them resulting from the dense habitat,
industrial pattern and waterways network, and of a long industrial history. Sediments affect water
resources quality, through pollution, and availabilibrptigh flooding. Sediment dredging allows the
development of environmentalfyiendly regional fluvial transport, but also generates important waste
deposits. Therefore material recovery for reuse in buildings or infrastructure is a key issue, as it allows
a reduction of waste and limits the need for natural resources for the same use.

In order to address waterways sediments management in a global way, the GeDSeT project intends to
capitalise knowhow regarding the criteria to take into account for a swalide management, and to
include them in a decision support methodology applicable to the transboundary context. Such
decision support aims at developing good practice in a perspective of water resource management and
development of regional fluvial trapert. Relevant criteria include:

- criteria evaluating the physical and chemical characteristics of the sediments to be dredged, and their
level of contamination,

- costs of dredging operations and benefits with respect to improved waterways,

- potental material value and costs of sediment treatment for material recovery versus costs of
sediment deposit management.

The decision support methodology will rely in part on previous BRGM and European experience in
the development of an environmentally exed, physical, quasiynamic inputoutput model for

waste management. Experience from other specific DSTs on sediments will be valorised with the
project partners.

Potential recovery of secondary resources from dredged sediment will be addressed thesigyh a
and economic evaluation of available technologies, technical and economical constraints, side effects
on the uses of recovered products, and a global balance of the environmental costs and benefits. Social
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and employment impacts, as well as lané issues in this densely populated area will be fully
acknowledged as primary decisisnpport criteria. The expected benefit of the project comprises also
the transboundary comparison of specific situations and methods, issued from a different history.

Assessment of the potential mobilization of inorganic contaminants in a french harbor sediment

Vincent Chataify Cécile Delolmé& Daniel Borschneck Nicolas Giroud Laurent Théveniiy Marie Loustau
Cazalet, Denise Blant

! Laboratoire de Génie Civite d 61 ng®ni eri e Environnemental e. Il nstitu
Lyon. Bat. S. Carnot, 9 rue de la Physique, 69621 Villeurbanne Cédex, France.
‘Laboratoire des Sciences de | ' Environnemeuwite. Ecol e

Audin, 69518 VaubenVelin, France.
3Centre Europ®en de Recherche et do6EnseMagallement des
Université. Europble Méditerranéen de I'Arbois. BR 88545 Aixen-Provence Cédex 4
* Present addresd:aboratoire de Gestion des risques et Environnemigniversité de Haute Alsace. 20, rue de
Chemnitz, 68200 Mulhouse, France

As part of a French national research progam | | e d A ScBriddrn@ad tBEr Management
and the environmental risk assessment of contaedh marine harbor sediments, the research
presented in this paper focuses on the determination of the leachability of inorganic contaminants.

In this objective, a methodology was developed and applied to investigate the mobility of inorganic
contaminantsas a function of physicochemical conditions. This methodology is based on the use of
leaching tests in conjunction with mineralogical and textural analysis. Muddy sediment with important
Organic Matter (OM) contentcé 12 wt %) has been selected and exittd from a French harbor.

This sediment contained alsm 109000 mg.kg calcium (Ca) ca 32170mg.kg" iron (Fe), ca
19660mg.kg* sulfur (S), ca 2 120 mg.kd zinc (Zn), ca 1730mg.kg* copper (Cu), ca
860mg.kg" lead (Pb) anata. 150 mg.kg arsenic (As). In addition, this sediment had a natural pH
and ORP (Oxidation Reduction Potentialicaf 8.2 andca. + 350 mV vs. Normal Hydrogen Electrode
(NHE).

Main results shown in this study indicate that the release of target contaminants (R&, &hd
Zn) during a contact with deionized water is very limifed. <-0.1wt %) by the very low solubility
of solids, like sulfides or carbonated phases, and by the stability of their bearing solid phas¥dd (
and/or sulfides) at natural slighthasic conditions. However, the natural pH of this matrix can vary
with the loose of the buffering capacity and an increased mobilization is observed over the long term
under specific leaching conditionise(, pH < 6 or > 10, or chelation effect, etc.) whican arise in a
given scenario for the management of marine sediments.

Valorization of contaminated marine sediments in clay bricks: influence of processing
techniques on technological and environmental properties

R. AlonsaSanturde, N. Quijorna, A. @pJ. Viguri, A. Andrés
Department of Chemical Engineering and Inorganic Chemistry, ETSIIT, University of Cantabria, Avda Los
Castros, s/n. 39005, Santander, Spain.

Coastal sediments can contain significant concentrations of heavy metals and orgatantpolind

are considered a waste according the European Directive. Using wastes in brick manufacturing is a
very useful practice in industryt has been demostrated that marine sediments can be used as a
substitute of clay in ceramic procesdereviousworks developed have concluded that it is possible to
obtain dense sintered compacts from sediments dredged from Cantabrian estuaries. The technological
properties of a ceramic product are not only related to the characteristics of the raw materiats but al
to the different variables in the production process. But due to the fact that the porosity and
microstructure of the ceramic body depends on the shaping technique is important evaluate the
influence of this parameter on the environmental propertieghitn work the influence of both
extrusion and pressing process on technological and environmental properties of sedgsednt
ceramics is evaluated. If the results are analyzed the moulding by pressing generates a lower firing
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shrinkage and a lower watabsorption, derived from the densification process. The environmental
analysis by means of leaching tesfdE-EN 124571 and 2 shows that the amount of As leached
increases with the percentage of sediment introduced, while the amount of anions leackeskse

both in pressed and extruded pieces. If the shaping techniques are compared, the trends are similar, but
the values of concentration are higher in extruded samples. If leached concentrations are compared
with the regulatory limits collected in th#&rective 2003/33/CE it can be concluded that the sediment
based bricks can not be accepted in a inert waste landfill due to the high concentrations of As and
sulphates present in the leachates of pressed and extruded pieces, higher in the lastthase. If
concentration of metals leached are compared with those corresponding to a commercial brick it can
be said that As concentration is higher in all specimens analyzed, both in pressed and extruded pieces,
which present similar trends.
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Valorization of pneumatic waste uses and environmental protection
iThe pneusol maitt éehrei ale siemarr ccvha tainmlg st ructures c

F. Belabdelouahah & N.T. Long®
(1) Doctor of the INSAyon, Maitre deConférence to the E.N.T.Riational school of Public works, Algiers
(2) Doctor of the INSAyon, Inventor and Expert in Pneusol (Pensioner of the LCPC of Paris)

The importance of protecting and conserving the environment has led the research coronthinity t
seriously about the use of used tyres in the field of civil Engineering, as a mean to absorb the huge
guantities spread all over the world.

The research has found that used tyre could resolve some problems related to stability or bearing and
also b protect certain structures.

The problem of used tyre is a problem related to all countries; in fact millions of tones of waste are
thrown away prompting a serious threat to the ozone.layer

The principal objective of this article is to give starting frira various researches undertaken in the
ENTP, of the results and the achievements of structures. Indeed, the purpose of this presentation is:

- to give statistics and the layer of the used tyres in Algeria and to if required present the
dies of valorisdabn and the various applicability of this waste as materials to solve some
problems in civil engineering.

-to al so present research to ENTP, on fAredu

- to present the structures carried out by the technigeaswl in Algeria, such as the 12
structuresn Ain Timouchent [in 1986], the projecf Bousmailwhich is the first one
conducted in full scale in Algeria, will have the benefit to improve slope stability for the
adjacent roadin 2005], Protection agairisthe slips [Béjaia in 2006], thgreatest
structure of Africa in Mostaganem, stabiliy slope and reinforcement of slof®N11)

[in 2007], dyke protection pneusol [Blida 2008]

This technique offers multiple advantages so much from the economic, eablpgint of view and

even on the behaviour of the ground. This communication also sticks to present all the use potential of

a waste fithe used tyresd in the field of t he Ci
attention of the Engineersduthe Researchers to the whole of the use potential of this material.
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Key wordsused tyres, environment, pneusol, supporting, reducing, protedtitie slopes, stability,
layers

The way of valuation and reuse of the wormisedtires turned out and concreized in the road
domain: case of the stability of a road embankment (the National Road No. 11n)Mostaganem
Algeria
Zahir Djidjeli
Director of Research Minsitry of public works

Masters in transport infrastructure

The world of the construction ohé big projects of Public worksuch as the renewal of their
investment is continuously increasing particular these last yearsThe realization of public works
projects often generates inert wasteéhese projects conceived with studies of impawot the
environment, of which the consideration as well of the initial state of the site, the solutions and the
treatment ofinconvenience and nuisances caused by the project, as those generated by the site during
the work. The fact of pollution, noise gaated by a project works is known to all!

However the rubble generated by the works of construction are often products or méserialisses

of construction site)which nobody wants ithey constitute heaps which die in the nature while they
canbe valued for their reuse

Other possibilities for use of industrial wastes were tested in the world such as plastics, used tires,
significant achievements have been created in the maritime area for shoreline protection in slope
stability or landslide,ri the pesence of swelling soils, etc.

In The present communicatiqrit will be presented: the inventory ofaste met in the Public works

with as aimed objective"the zero waste in public workst will be question particularly of the
experiment led byhe implementation of recovery and reuse used tires in the construction of civil
engineering.

03 practical cases of stability landslidecluding the first test site of Belsmail (wilaya of Tipaza)

with its 5000 Truck tires used will be presented hia tase of the RN11 in Mostaganem (stability of

an embankment of the Route Nationale No. 11 in Mostagdkigaria), we finally show that the path

of recovery of used tires is a reality in public works, thanks to coordination between different actors:
client, offices study, researchers, business achievement, tire suppliers, responsible for the
environment.

Key wordsEnvironnement, publics works, nuisance, inert waste, landslide, used tires, zero waste.

Use of endof-life tyres in quarry redevelopment

R. Moretto*, C. Clauzade**, M. Pognant***, (GBonnefoy****

* EEDEMS, 66 boulevard Niels Bohr, BP 2132, 69603 Villeurbanne Cedex, France
** ALIAPUR SA, 71 cours Albert Thomas, 69003 Lyon, France
*** EUROVIA, 18 Place de I'Europe, 92500 Rueil Malmaison, France
**** ANTEA, 3 rue Etienne Dolet, 93400 Sai@tien, France

From 2005 to 2007, ALIAPUR (company responsible for the collection, the disposal and the recycling
of used tyres) and EUROVIA (a subsidiary of Vinci Group, making roads and public spaces) have
initiated a study of environmental assessment of used tyres in quarry redevelopment. They entrusted
the experimental implementation in situ to ANTEA (engineering department) fexgarimentation

in the quarry of the SMC [Feuguerolles (Calva@toance)] and t&aEDEMS Group (technological
platform) at INSA of Lyon (France) for axperimentation in a laboratory
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EUROVIA has proposed the implementation of whole used tyres by a technique derived from the
"PNEUSOL ®" technique which could make possible: 1) the reldgwment of old quarries, 2) the
security of the sites still exploited.

This practice is considered a recovery operation of used tyres under the Decree NE62%)02
24/12/2002.

The technique "PNEUSOL ®" is a combination of natural soil (all varietiesinfral or artificial soils
and various wastes) and used tyres (all used tyres that may endure considerable tractive effort). It is
economical and easy to implement, combining low density, lightning and resistance.

The objectives of the study lie in theseassment of the consequences in terms of impact on the
environment. They consist in: 1) quantifying environmental impact and identifying it with analysis of
percolation water taking into account the nature of different materials that can be assodmtesgavit
whole tyres; 2) using the results to contribute to the development of use recommendations and to
participate in a process of standardization.

The study of available bibliography has made possible the identification of the parameters which
influencethe results: pH of the water, contact time (permeability of embankment and groundwater),
surface contact (whole, crushed, aggregates tyres ...) salinity, soil acidity (silica, limestone), and
immersion (groundwater). This study has also permitted the fiaatian of the experimental choices.

To reproduce the best conditions for the natural environment, two complementary approaches were
taken.

The first was conducted in situ during thirty months (quarry of SMC Feuguerolles) with 2 cells 12 x
12 m [1 cell vith Feuguerolles embankment only (control sample) and 1 cell with tyres and
Feuguerolles embankment] taking into account the natural pluviometry and systematic irrigation with
simulation of the effects of natural pluviometry for more than 20 years. A lafy¢yres is in
permanent contact with water percolation to simulate the presence of a groundwater.

The second was conducted in laboratory during twelve months with 5 lysimeters 2.5 x 2.5 m [1
lysimeter with Feuguerolles embankment only (control sample)lysimeter with tyres and
Feuguerolles embankment, 1 lysimeter with tyres and siliceous gravels, 1 lysimeter with PUNR and
limestone gravels, 1 lysimeter with tyres and silty clay soil], with recirculating water to simulate the
percolation of a height egvalent to that of a quarry. In the laboratory, the control data for materials
other than Feuguerolles embankment have been determined by using percolation columns.

Repeated and comprehensive physicochemical analysis of percolates were conducted. 35 water
samples, 46 parameters were analyzed: pH, conductivity, ammonia, cyanide, 13 heavy metals,
fluorides, chlorides, sulphates, nitrates, 16 polycyclic aromatic hydrocarbons, total hydrocarbons,
phenol index, total hydrocarbon. A systematic comparison oftsesbtained on the one hand in
lysimeters and in cells in situ and on the other hand between materials alone (control values) and
materials associated with tyres was conducted.

Essential supplements to physical and chemical analysis to take accoussibfepsynergies between
substances and understand the influence of any substances not sought, ecotoxicological tests staged
were conducted on five samples of water that have been in contact with tyres (research for acute
toxicity of Daphnia Magnia reseath for chronic toxicity ofCeriodaphnia dubiaand the unicellular

green alga®seudokirchneriella subcapitgta

The comparison between the experimentations conducted in situ and in laboratory showed similar
results. No significant enrichment, no modificatiof the physice&hemical characteristics due to tyres
have been identified whatever the conditions of use (comparison embankment/embankment with
tyres; comparison siliceous gravels / siliceous gravels with tyres; comparison limestone gravels /
limestonegravels with tyres; comparison silty clay material / silty clay material with tyres; comparison
tests in situ/laboratory tests).

The results of ecotoxicological tests conducted on the percolates show no significant toxicity towards
tested organisms andrdom the environmental safety of using eoidlife tyres in applications such
as "PNEUSOL ® "

These results were presented to the French Ministry of Environment and they will provide basis for the
drafting of guidelines (dissemination of recommendatams standards of good practice).
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Use of shredded enaf-life tyres in retention/infiltration/drainage of storm water

R. Moretto*, C. Clauzade**

*EEDEMS, 66 boulevard Niels Bohr, BP 2132, 69603 Villeurbanne Cedex, France
*ALIAPUR SA, 71 cours Albert Thams, 69003 Lyon, France

The regulation of storm water refers to two main pieces of the French legislation: 1) the Civil Code,
which regulates, among other things, the flow of runoff, 2) the Water Law, integrated in the
Environmental Code, which introduct® concept of "global management of water" and reinforces

the concept of "respect for the natural environment". Under the Water Law (December 2006) storm
water status change: storm water is not a waste of which we must get rid as soon as possible but a
resource that we must recover. This regulation emphasizes the need for alternative techniques to
ensure better management of the storm water drainage rehabilitating local storage and infiltration as a
means of management.

The basic principles of alternatiiechniques, i.e. retention, regulatory and infiltration, are quite
justified and particularly suited to meet the regulation of storm water runoff set by the Civil Code. The
use of alternative techniques provides answers to some obligations requireddbyglénation or the
authorization procedure. Articles 31 and 35 of the Water Law lead to the conclusion that the
introduction of alternative techniques by local authorities permit to meet the requirements of the Water
Law in terms of public safety and ersmmental protection.

The alternative techniques are numerous and tally with storm water drainage structures, which can
take various aspects. Their operation is based on two principles: 1) retention of rainwater and runoff,
regulating the flow and spredlde inputs to downstream; 2) infiltration into the soil when it is possible

to reduce the volumes flowing downstream.

Therefore, there are different structures according to their function: 1) retention structures which
temporarily store storm water befargurning it to an outlet flow limited by a regulatory system; 2)
infiltration structures whose outlet is the ground. They contain rainwater collected while they seep into
the soil; 3) structures combining retention and infiltration. The evacuationraf stater is part of a
restricted flow outlet through a regulatory body, and by infiltration into the soil; 4) drainage structures
such as roads that function as structures above.

These structures are characterized by: 1) the void ratio, which definesptiety of water storage; 2)
the permeability, which defines the drainage capacity of waters; 3) the resistance of materials in
compression.

The used materials are generally represented by granular natural materials (or prefabricated materials),
but Eurgean and American studies concerning the physical and mechanical behaviour of shredded

tyres show that these materials have a high hydraulic conductivity (equivalent to natural aggregates

(gravels type)) even under strong loading condition. Also, in théegbof sustainable development,

this property makes possible to consider a substitution of natural aggregates by shredded tyres for the
constitution of a drainage layers.

The general objectives of the research program are: 1) Evaluate different tghesdafed tyres and
identify the migration potential of substances and ecotoxicological impact in conditions of use,
initially in pilot tests; 2) Position the pilot tests in relation to an instrumented site in full scale; 3)
Define laboratory tests to makdurable the application and offer guaranties for users and
administration; 4) Propose and circulate recommendations and standards of good practice.

A geotechnical study conducted earlier has helped to characterize the porosity, the permeability and
the conpressibility of shredded eraf- life tyres. The results obtained give us the opportunity to
consider a possible substitution of natural aggregates by shredded tyres for use in the structures
mentioned above. Different types of shredded tyres [LARGE A tiyjngmssenger car tyres) and
LARGE B (mostly truck tyres)] have been tested to determine the environmental impact assessment
and to reproduce the real conditions under which shredded tyres are in contact with storm water. Pilot
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experimentation has considtef immersion of about 500 kg of every type of shredded tyres in tanks

of one cubic meter with L/S ratio = 1.5. To try to reproduce the cycles of "fillifiigration-drying" in

real situations, which are dependent on weather conditions, it was dexidedlduct short cycles at

the beginning of the experimentation and then loitgen cycles, mainly for phase drying, to allow

any distribution of substances in the periphery of shredded tyres during this drying phase. The
experimental period is seven mosittong and seven water samples were analyzed for each type of
shredded tyres from a physicochemical and ecotoxicological point of view. Analyzed substances are
numerous [n = 122, including heavy metals (19), polycyclic aromatic hydrocarbons (16), total
hydrocarbons, ammonia, nitrate, chloride, cyanide, sulphate, phenol compounds (17), nitrosamines (8),
phtal ates ( 6), amines (9) and anilines (36),
acute toxicity (inhibition of the mobility oDaphria magng; 2) the chronic toxicity (inhibition of
growth of the freshwater alga@seudokirchneriella subcapitata3) the impact of watering on
terrestrial organisms (earthworms); 4) the inhibition of the germination of vegetable seeds, 5) the
evaluation dthe impact of watering on a turf.

From a physicathemical point of view, the results obtained during the seven months of testing
showed low concentrations for all elements and substances sought. Many values of concentrations are
lower than analytical dection and for expressed values, the concentrations of various eluates are
below the limits of the French legislation. In the current state of knowledge, the concentrations in the
various eluates have no impact on water resources. From an ecotoxicopmmidabf view, the

various tests showed no toxicity of different eluates tested from the two types of shredded tyres during
the seven months.

In addition to these pilot results, a fgltale validation is scheduled for 2009.

Use of shredded endaf-life tyres for drainage of leachate on the bottom of msw landfills

R. Moretto*, G Didier**, A. Budka***, F. Lussac***, C Clauzade****

*EEDEMS, 66 boulevard Niels Bohr, BP 2132, 69603 Villeurbanne Cedex, France
*INSAVALOR Géotechnique Environnementale, Batim&&. Coulomb, 34 avenue des Arts, 69621
Villeurbanne Cedex, France
***S|ITA FRANCE, 132 rue des 3 Fontanot, 92758 Nanterre Cedex, France
****ALIAPUR SA, 71 cours Albert Thomas, 69003 Lyon, France

Key words: End of Life tyre, landfill, permeability, conagsibility, drainage, leachate

European and American studies concerning the physical and mechanical behaviour of shredded tyres
show that these materials have a high hydraulic conductivity even under strong loading condition
equivalent to natural aggreaga (gravels type). Also, in context of sustainable development, this
property makes possible to consider a substitution of natural aggregates by shredded tyres for the
constitution of a drainage layer on the bottom of MSW landfills.

Three types of shreddayres available in France have been studied in laboratory:
- firstly to estimate their physical and mechanical performances under various loading conditions,
according to tests in connection with the European legislation and adapted to product sizes;

- secondly to recommend standard applications rules of shredded tyres in industrial contexts
(drainage of leachates on bottom of MSW Landfill, drainage of surface waters after covering,
drainage of biogas).
The three analysed types of shredded tyres belotigetparticlesize ranges resulting from passenger
car tyres (category A) and truck tyres (category B) shredding process. Psiriicknalysis methods
for conventional civil ingineering materials are not adapted to analyze product coming from End of
Life Tyres shredding process. So, two specific methods have been used to characterize each type of
products (a manual one and an image processing one; VISIOPUR® method, based on the
measurement of the longest dimension of the chips). The analysis was catrieg ALIAPUR
according to french experimental standard XP-T8F-July 2006 (AFNOR). Based on the reality of
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the products shredded by the majority of the French operators, ALIAPUR defined, in 2006, its own
shredded products.

These types of products called i LARGE A0 (mostly passenger <car t
truck tyres) and the smaller AMEDI UM A0 (mostly
operators commonly produce these types. The three graded categories of shredded tyres have bee
examined in a mechanical and hydraulic behaviours point of view. The study consists in undertaking

to adapted geotechnical tests to determine grain density of the solids, compressibility and permeability

of the different types of shredded tyres. Compogsand compressiepermeability tests have been

realized at different stages of uniaxial stress between 10 and 500kPa or 10 and 300kPa. A test cell
especially designed to measure the compressibility and to determine the permeability (to water) of
shredded yres ALARGE A0, ALARGE BO and AMEDI UM A0
tests were carried out on shredded tyres ALARGE
important variations exist between measured and determined parameters.

The main resut coming from the compressigner meabi | i ty (ALARGE Ao, f
AMEDI UM A0) are presented in table hereafter.

o Density (kg/m) Total porosity (%) Permeability (m/s)
(kPa]
LARGE | LARGE | MEDWU | ArGE | LARGE | MEPWU || arGE | LARGE | MED!
A B M A B M A B UM
A A A
10 485 570 510 67 64 57 4910 | 5.010* | 5.2 10*
100 | 602 876 897 61 43 32 3.410" | 2.4 10* | 2.3 10°
200| 732 969 1014 53 375 23 2710 | 1.7 10* | 1.4 10°
300| 862 1023 1083 44 34 17 2310 | 1.310* | 8.4 10°
400| n.d. 1062 1132 n.d. 31.5 14 nd. | 1.010* | 4510°
500 | n.d. 1092 1170 n.d. 29.5 10.5 nd. | 7910 | 1410

The tests results show the high compressibility of shredded tyres under weak and medium normal
stress. Indeed, considering the majority of compression tests, samples lost arouhdiatftial

height. A factor of 10 is measurable between the permeability value under low loading condition
(10kPa) and medium loading condition (300 to 500kPa). Results bring to light permeability roughly
equal to 5 18 m/s under a 10kPa load whileé@aches about Ten/s under 300kPa to 500kPa loads.

From a geotechnical point of view, the graded c.
A0 could be bound to be used in drainage | ayer i
higher tharB00kPa limits this use to stay in line with the French legislation.

After this study, experimentation in full scale will be conducted in 2009 on a site from SITA Company

| ocated in the southwest of France. Tfinestatitny pe L,
Nine hundred tons (900) of shredded tyres will be used to form a layer with a thickness of 50 cm for
leachate drain on the bottom of a storage cell. The site will be instrumented to allow monitoring of the
settlement layer of shredded tyresianonitoring of the physiecohemical evolution of the leachate
composition, over several years.

Use of Scrap Tyres in Asphalt Concrete

Hafiz Muhammad Akhtar
Managing Partner
Progressive InternationdEngineers & Contractors)
Lahore, Pakistan.

The djective of this study has to check the suitability of the use of crushed rubber in the shape of

shredded tyres in the asphalt concrete to determine its effectiveness in enhancing the properties of the
mix. The shredded tyres may be used as granular mladerds an additive in the bitumen; modifying
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its properties at 198 to 210C temperature. Marshall Properties such as stability, density, flow and
derived properties such as midensity and Marshall Quotient were considered as improvement
criteria. Impovement in stability, flow and Marshall Quotient compared with the standard values has
been considered as improvement in the mix properties. For preparing specimen for Marshall Tests the
filler (passing sieve # 200) was removed from the aggregate andtugeldby rubber (passing sieve #

8) obtained from shredded tyres. The bitumen content was varied from 3.4% to 4.4% as obtained from
trial. In order to determine the optimum content of rubber, rubber granular (passing sieve # 8) was
varied from 0.5% to 3% by weight of aggregate, keeping bitumen content 4% (Optimum value) by
weight of aggregate. Optimum value of rubber was obtained as 15% by weight of bitumen. Afterwards
optimum content of bitumen corresponding to optimum rubber content was obtained thriiaisgoy

varying the quantity of bitumen from 3 to 7% by weight of aggregate. No appreciable improvement in
stability, flow and unit weight has been observed from the trials performed using rubber as a granular
material in the mix.

Optimumvalueofshedded tyresdé rubber was added in a pow
Grade 60/70 at 20Q for 4 hours. The resulting gel possessed the following improved properties.
Penetration changed from 63 to 39, Flash point increased froiC 282more tharBOC while

softening point increased from %@ to 57C. The modified bitumen was used to prepare Marshall

Molds for laboratory tests. The significant modification in the characteristics of the fhiblreen gel

is a major achievement attained througls tieisearch. In addition an increase in the stability in the mix

design has also been observed during lab tests. However, performance of the rubber asphalt mix after
lying in the field is yet to be observed.

Leaching of zinc from recycled rubber taking inaccount the degradation of the rubber
Ulbert Hofstra, the Netherlard

Leaching tests normally assume that the material from which the leaching is occurs is stable. For most
investigated materials, which are stony materials, this is true. For rubberisvhsdd as rubber infill

on artificial turf football pitches the assumption appears not to be true. The leaching increases over the
lifetime of the rubber infill. Therefore the degradation of the rubber has to be taken into account in the
laboratory testig of the leaching of zinc from this material.

Artificial turf football pitches need a layer of ca. 1,5 cm of fine rubber granulate on the artificial grass.
The rubber gives good shock absorption to the footplayer and makes it possible to conduct slidings o
the field, which are not possible on a hockey field, which has only sand infill on the artificial grass.
Rubber infill from recycled shreddered car tyres is very suitable for this application. Particle$ of 0,5

1 mm diameter are used as & 1,5 cm theck layer on the football field.

Rubber from car tyres is a mix of natural rubber and stybemg@diene rubber. The rubber is

vulcanized with sulphur. Zinc oxide ZnO is used as a vulcanisation accelerator by the car tyre
producers. Car tyres contain up t6 ¥ m/m ZnO. Car tyres for utility vehicles, such as trucks and
lorries, show higher amounts of ZnO than car tyres for normal cars. Rubber infill from shreddered car
tyres contains therefore from 5000 to 17000 mg/kg zinc. The leaching of zinc from infidben

artificial turf football pitches might therefore be an environmental problem.

Leaching of zinc from rubber infill was investigated with arstigam percolation test (column test,

NEN 7383). The leaching of zinc varied from 4 to 12 mg/kg fonfseproduced material.

The leaching of zinc varied up to 57 mg/kg/kg for three year old material, taken from a football pitch.
It is assumed, that the increase of the leaching is due to the degradation of the rubber under
climatological conditions. Due tmicrocracks in the rubber, the zinc oxide particles in the rubber

matrix become more accessible to percolation water and zinc is dissolved in the water and is leached
out.

Therefore a laboratory test was devised, which takes into account the degradémgorubber. A
mini-lysimeter seup was used. An artificial grass pitch of 0,5 x 0,5 was put on a fine sieve. The grass
contained the regular sand layer (1,5 cm) and rubber infill layer (1,5 cm).

30




The weathering conditions were varied with: rain, tempeealUV-light and ozone. The temperature

cycle conditions and the Ulght conditions were taken from the existing FHst on artificial grass

for football pitches. The temperature was varied frbrto +40 °C in a dlay cycle.

The lysimeter was subjetd 100 mm/m per day deionised water from fine nozzles during a few hours
per day. The ozone concentration was set to 300 ppb.

The concentration of zinc in the eluate water from the-gsimeter was analyzed everyday cycle.

Some test results are shown figure 1. In figure 1 the ozone concentration was raised from O to 300
pppm after 33 days. It is seen that the increase in leaching conincides with the start of the increasse of
the ozon concentration. The main weathering mechanism for rubbersinfdgradation due to ozone.

The relation with the situation in the fields was demonstrated by the percolation tests before and after
the lysimeter test under weathering conditions. The result of the percolation test was equal to that on
samples taken froi®-year old fields.
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Figure 1. Cumulative leaching of zinc from rubber infill on artificial turf pitch in a lysimeter. PA infill
(test 2 and 3) is rubber infill from shreddered car tyres for regular cars, BA infill (test 1) is rubber infill
from shredderd truck car tyres. Test 4 is a reference test with no rubber infill and test 5 is a test with a
regular 10 cm lava underlayer under the turf pitch.

From the increase of the leaching of rubber in time the time dependent leaching was calculated. Figure
2 dhows the increase of the cumulative leaching of zinc from rubber infill from normar car tyres (PA
infill) and from rubber infill from truck tyres (BA infill).
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Figure 2. Calculated cumulative leaching of zinc over 80 years from the results of the kgborato
lysimeter tests.
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It appears from this fugure that that the cumulative leaching of zinc exceeds the indicative leaching
limits derived from the Dutch Soil Quality Decree. However in an artificial turf football pitch with
normal underlayers (lava and satite leaching to soil, groundwater and surface water does not cause
an environmental risk. The zinc elauting from the rubber is adsorpbed to the lava and sand
underlayers. This was confirmed by analyses of draining water from 5 to 6 year old foothab.pitc
Conclusion:

It is necessary to take into account the time dependent increase of leaching when assessing the
leaching from rubber from recycled car tyres. It is possible to do so by using a laboratory lysimeter
test under weathering conditions. it apps that the main weathering mechanism is weathering due to
ozone attacks resulting in a-idld increase of the leaching of zinc from the rubber infill.

Additional research needed

The lysimeter tests have to be optimized on the intensity of the rainGlomparing the results of

these tests and also percolation tests and short leaching tests (EN 12457), it is concluded that the
leaching depends on the contact time with water. The lysimeter tests have therefore to be optimized on
the rain flow.

Laboratory trials to develop specifications for recycled rubber in user friendly rights of way

James Brown, Joanne Edwards and Rebecca Hooper
Scott WilsonUK

This project has provided tangible and readily achievable engineering and cost effective solutions that

successfully balance durability with user demands of rights of way. This is the first time that rubber

has been used in mixed use rights of way construction.

Mixed use rights of way (e.g. bridleways) need to be durable to minimise maintenance cadsts, whi

striving to meet the needs of diverse users (including walkers, cyclists andridersg Asphalt

provides a durable, smooth surface but has minimal shlbsirbency for runners and horgders;

grass and sand are sheaiisorbing but lack durabilitgnd are deprecated by commuting walkers and

cyclists. This project has resulted in an entirely new way to address the problems of mixed use rights

of way construction. It not only demonstrates a highly innovative use of a waste material but also

provides a solution to a commonly occurring problem for rights of way managers.

Laboratory testing of possible materials to a variety of formulations was undertaken. On the basis of

this work some candidate materials were shsted and their applications dieéd in draft

specifications. This work was completed in January 2006, and included:

e Testing of the stability of bitumen spray and chipping surfacing in which increasing amounts of 10
mm rubber granules were added to the structural matrix of the surface.

e Testing the surface stiffness and permanent deformation of subbase aggregate with increasing
levels of 20 mm rubber granules.

Wheel track testing was undertaken to assess fatigue and permanent deformation of each formulation

comprising a surface dressingiffeice dressing containing rubber and surface dressing over subbase

containing rubber).

The results from the testing of these mixtures were compared with test results of conventional

bridleway construction materials. On the basis of this work three atteznapplications for post

consumer tyre rubber were short listed:

e Section Ai Replacing 2% by mass of the chippings in a bitumen spray and chipping surfacing with
10 mm rubber granules.

e Section Bi Replacing 5% by mass of the subbase aggregate with 2Qbirar granules.

e Section Ci Using a 20 mm thick layer of 6 mm rubber granules covered by a geotextile and 20
mm of quarry fines.

e Section Di Control section without recycled rubber

The specifications also offer cost savings as a result of reducingaiméenance requirements while

increasing the life cycle of rights of way surfaces. To prove the shimabrbing benefits of recycled

rubber, a bridleway at Clipstone Forest, Nottinghamshire, UK, was reconstructed including recycled

rubber in its subbasand surface dressing. Monitoring work carried out over a 12 month period
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following construction included surface stiffness testing, visual assessment, user surveys and traffic
counts.

The three sections containing recycled rubber had lower stiffnedsigimel shockabsorbencies than

either the control section or the route before construction. The control section showed a significant
increase in stiffness (reduction in sheabsorbency) compared to its frenstruction state. An
informal visual inspeatin after 17 months (September 2007) confirmed that the sections containing
recycled rubber were durable and performed as well as the conventional construction. This
performance indicates that the increased durability of a shloetrbing surfaced dressedite would

reduce whole life costs (by reducing the maintenance required) compared to conventional
construction, as well as offering a more balanced user experience.

The specifications developed during this project offer rights of way maintainers seaxgraptions to
maximise value whilst meeting user needs and increase materials resource efficiency. Where full
depth reconstruction is required, rubber can be mixed into the subbase. Where an asphalt path already
exists, this can be surface dressed witibar to increase sho@bsorbency, and where there is a good
existing granular base requiring a new surface, the discrete rubber layer could be specified. This paper
sets out the experimental basis for the specifications used in the construction amthestdation

route and overviews the construction and monitoring process reported elsewhere.
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Relevant leaching and testing procedures for ecotoxicological hazard and risk characterization
of ash

Kristian Hemstrorh, Sara Stiernstréfh Magnus Breitholt2, Ola Wik®
Y swedish Geotechnical Institute,-SB1 93 Linkoping, Sweden,
2 |TM, Stockholm University, SED6 91 Stockholm, Sweden,

In the past, waste ecotoxicological hazard or risk pr@slominately been assessed based on total
contents of potentially toxic components in the solid material or in an eluat. This strategy may vastly
overestimate environmental risks since only a fraction of the constituents may be bioavailable.
Additionally, there is often a poor relationship between analyzed substances and their contribution to
the total toxicity and since mixture toxicity is not considered, the same procedure may at the same
time underestimate risk§o fully understand the hazard potehtid ash materials, a combination of
biological and chemical tests is needed as well as an integrated analysis of experimental data.
However, several challenges remain to be addressed before the hazard potential of ash can be correctly
assessed and toxiffexcts fully understoodThe overall aim of this project is to provide a scientifically
sound basis for characterization, both hazard identification and risk assessment, of ash with respect to
ecotoxic effects. Since the start of the project (2008) we hikvdified several critical experimental
challenges which may have a vast impact on the aquatic toxicity results, e.qg.

i) preparing an eluate representative of all toxic constituents in waste

i) managing pkcontrolled effects

iii) selecting a biotest battery suitalfbr the often extreme properties of ash
iv) interpretation of experimental data

This paper summarise these identified experimental challenges.

A crucial task, which remains unsolved, in order to reach the overall atm,nsrease the
understanding of @ governing mechanisms for the observed toxic effects of a complex
mixture, such as eluate from asfobserved toxic effects can be linked to specific substances
or interactions between specific substances and/or physiochemical conditions, this Wwill be o
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great benefit for the subsequent exposure assessment, as well as for identifying cost effective
risk management actions. This requires a combination of methodologies; ecotoxicological
tests, conventional chemical analysis, measurements of truly dissoidedirect bioavailable
fraction, and geochemical modeling, describing chemical speciation

Risk-based soil quality standards in The Netherland$ a new approach towards the sustainable
reuse of soll

Ton Honders
SenterNoverih Taskgroup Sojlhe Nethdands
Arjen Wintersen, Johannes Lijzen, Piet Otte
National Institute for Public Health and the Environmertie Netherlands
Joke Wezenbeek
Grontmij, The Netherlands
Marc Pruijn, Herman Walthaus
Ministry of Housing, Spatial Planning and the Environment

Keywords: soil quality standards, soil reuse, soil legislation, soil ecological risks,
humantoxicological risks, agricultural risks

Introduction

Since 1999, the reuse of lightly contaminated soil in The Netherlands has been regulated by the
Building Materals Decree. Reuse of soil is relevant to minimise the use of primary material (e.g. sand,
clay) and to limit the number of landfills. Within the framework of the Building Materials Decree, the
environmental quality of soil and other secondary materialad hence their reuse optiohswere
determined by a set of contaminant concentration and leaching standards. Upon evaluation of the
Building Materials Decree in 2062003, it became apparent that specifically for soil and aquatic
sediments, the regulationsere limiting their reuse options. Important factors identified were:
relatively high costs of application, poor enforceability, unpractical handling (and sampling)
procedures, limitations for local tailonade solutions, legislative inconsistencies dredabsence of a

clear relation between environmental risks and the standstill principle. It was hence decided to
alleviate these problems. After an intensive consultation process with all stakeholders involved; and
environmental and economic impact anatyshe new Soil Quality Decree [1] was developed. This
Decree became (fully) effective in mid 2008. This paper specifically discusses the new set of soil
guality standards which are at the basis of this Decree.

Policy principles

The new Soil Quality Deceerelies firmly on two basic principles:

e A St an.d\gplied $oil should be of equal or better quality than the receiving soil. This ensures
the protection of soil quality.

e AFi t fThe onsits wibquality should correspond with its actual (anfliture) use. This
ensures the protection of the ecological environment and human beings.

A detailed discussion on the derivation process for soil / land use functions and soil quality standards

is given in references {2].

Soil / land use functions andikquality standards

The defined soil functions are based on dominant land use. In The Netherlands these are:

agriculture / nature, residence and industry as is depicted in Figure 1. These functions are subdivided
as follows:

e Agriculture / nature / vegette garden.

¢ Residence:
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o Childrenbds playgrounds.
0 Residential areas.
o Green areas with nature values (e.g. city parks).

e Industry:
o0 Infrastructural works (e.g. roaglde shoulders).
0 Industry.

o Other green areas and buildiggs

Health impacts of the use of secatary and recycled aggregates in building materials

Broos K., De Brouwere K., Quaghebeur M., Nielsen P., Bleux N., Buekers J., Torfs R.
VITOT Flemish Institute for Technological Research, Boeretang 200, 2400 Mol, Belgium

The Flanders region of Belgium sfigly depends on ever scarcer stream of primary resources.
Therefore, a more sustainable use of primary and secondary raw materials is one of the top priorities
of the Flemish government. The current Flemish waste legislation (VLAREA) offers a legal
framework for the valorization of several waste streams as secondary raw materials, thereby
decreasing the need for primary raw materials whilst at the same time protecting the environment
(soil/groundwater). Although specific legislation for public health anidejines for health and safety

at the work place do exist, the impacts of the use of these secondary raw materials on human health are
rarely assessed.

In this study, we aim to develop a methodology for the evaluation of health impacts linked to the use
of secondary aggregates in building materials. The risks associated with this use will be assessed
during 3 different life stages, namely a) the production of the building materials, b) the construction of
buildings and infrastructure using these buildingtenials and c) the use of the buildings after
construction.

To develop this methodology, a stefse approach is used. In the initial step, an overview of the
different secondary raw materials as well as the applications in which they are currentin used
Flanders is made. The second step is the development of a methodology that can be used in practice
for the risk analysis for each of the possible combinations of secondary or recycled aggregate and
application. Detailed exposure pathways and expos@enser i os (dur ation of exp
will be developed for the most relevant applications in which the aggregates are used. Particulate
matter (PM, i.e. dust) and heavy metals therein are considered the major risks to human health. Human
exposure tdheavy metals in secondary aggregates is possible via direct inhalation or resuspension of
the particles, but also oral ingestion of dust can not be excluded. Skin contact is considered less
relevant as a potential exposure pathway. The third step isripgatmn of an extended measurement
campaign which will be used to validate and improve the general methodology. The campaign
comprises a characterization of the various streams of secondary and recycled aggregates (total heavy
metal content) and PM measumnents (both levels of dust and their heavy metal content are measured)
during real life situations (production and construction of building materials using secondary
aggregates) and latontrolled conditions (in order to mimic potential use and exposumgitions).

Finally, on the basis of these results, the potential human health impacts related to the use of
secondary aggregates as a replacement for gravel will be mapped out for the Flanders region.
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Ecotoxicological risks of road runoff water seiments on aquatic ecosystems

Bernard ClémentValérie Raevel, Wenwen Xu, Lynda Souki

Université de Lyon, Ecole Nationale des Travaux Publics de I'Etat, Laboratoire des Sciences de
I'Environnement, rue Maurice Audin, 69518 Vaulx en Velin Cedex, France

The management of road runoff water sediments is an environmental, economical and social important
issue. In addition to the strengthening of regulations about waste management, the valorization of
these heterogeneous materials, which are produced in ragiittes on a national scale, is limited due

to their physicechemical characteristics and their polluting load (heavy metals and petroleum
hydrocarbons).

The Laboratoire Central des Ponts et Chaussées (LCPC) of Nantes has developed a treatment process
of such materials with the aim to valorize them in road building (road embankment, ...) (Pétavy, 2007).
This process consists in separating the sediments into several valorizable fractions and discarding the
finest particles onto which most of the metal anghaic pollution is located.

In this study, raw and treated materials were characterized on a pblgsitical level and submitted

to a leaching test reflecting the transfer of pollutants from the solid phase to the aqueous phase when
the reused materialare exposed to rainfall. Ecotoxicological singjgecies tests and microcosm
assays were then carried out on the leachates to predict the potential effects of the leachates reaching a
close aquatic lentic ecosystem.

The results obtained on 13 raw matexiahd 2 valorizable granulometric fractions for 3 of them,
suggest absence of acute ecotoxicity of the leachates at dilution factor > 2 and absence of chronic
ecotoxicity (21 day exposure) at dilution factor > 10.

The analysis of metallic contents and Isieay results lead concordingly to propose a no chronic effect
concentration close to 1% (v : v). On an ecotoxicological point of view, the granulometric fractioning
does not seem to produce a valorizable fraction which would be systematically innocuous.

Keywords : road runoff water sediment ; heavy metal ; microcosm

Environmental impacts of construction sand mining on rivers: a case study

Dr. S. Mohan
Department of Civil Engineering
Indian Institute of Technology Madras
Chennaii 600036
India

India's canstruction industry contributing over 8% to its GDP requires over 27 million cubic meters of
sand annually ( expanded in the short term due to additional demands of post tsunami construction)
which is obtained from the country's river beds, river sidemined from previous riverbeds and sand
dunes. Though until recently manual harvesting was the norm, increasing mechanized and often
illegal, river sand harvesting has caused major loss of water security and ecosystem damage due to
lowering of water tablesbank erosion, land degradation and salinity intrusion; damage to
infrastructure; increased health hazards and negative impacts on women, as rural women have to spend
more time and energy to fetch the groundwater for drinking purpose, which is the comawibcegn

India. The steep increase in cost of sand (over 250% over the last decade) has encouraged the growth
of a politically powerful, often wviolent ASand
saddled with a plethora of laws and reguladiaovering of natural resource use, within a poor
regulatory environment which is further complicated by the prevailing security concerns. Rivers in the
south India are under immense pressure due to various kinds of human activities among which
indiscriminate extraction of construction grade sand is the most disastrous one. The situation is rather
alarming in the Palar river which has catchments as the area hosts one of the fast developing urban
cuntindustrial centre, the Chennai city. The Palar basin mgstives the evancreasing sand needs

36




of builders in and around the city and therefore is the most exploited of the river basins in the State.
The background note says that mining operations, both legal and illegal, have been noticed in a
number of place and the norm regarding the depth of the mine is often flouted. Irrigation and drinking
water supply are the major casualties. Besides, lorries that are overloaded with sand damage village
roads. In some places, houses are found to have developed édaokshe people in the region are
exposed to lungeelated diseases because of the dust emanating from théadandlorries. And
whenever the mining licensees face trouble from the local community, they use their workers, most of
whom were until recentl farm labour, against their own people, thus causing disharmony in the
community. Sometimes the miners use the caste divisions in these villages to their advantage. On an
average, 1 million fy of sand are being extracted from the active river floodgldiine quantity of in

stream mining is about 40 times the higher than the sand input estimated in the gauging stations. As a
result of indiscriminate sand mining, the riverbed in the storage zone is getting lowered at a rate of 10
15 cm y* over the pastwio decades. This, in turn, imposes severe damages to the physical and
biological environments of these river systems. The present paper deals with the environmental effects
of indiscriminate sand mining from the Palar river in the south India, as an exampl

Ecotoxic evaluation of mortar leachate using the amphibian larvagXenopus laevis

M. Coutand, F. Mouchet, M. Cyr*, L. Gauthief, and P. Clastrés
1) Université de Toulouse; UPS, INSA; LMDC (Laboratoire Matériaux et Durabilité des Constructidhs); 1
avenue de Rangueil;-B1 077 Toulouse Cedex 04, France
2) Université de Toulouse; UPS, Ecotoxicologie et Génotoxicologie environnementale,or at oi re dO6 Ec o
Fonctionnelle Ecolab UMR CNRS 5245, Institut National Polytechnique de Toulouse INPTp@aiNR
ENSAT, Avenue de I'Agrobiopole, 31326zevilleTolosane, France

Nowadays, many projects aim to reusepbgducts (e.g. sewage sludge ash, sediments of dredging,
MS WI é) i nbasecrmatenels. However, some questions remain concerning thenemsstal

impacts of these wastes in this kind of application. The cebras®gd materials in buildings or roads

are subjected to leaching/draining by rainwater or subterranean water. Consequently, draining waters
may constitute an important reservoir fomtaminants, such as water extractible elements, in the
aguatic environment. So these elements, which are potentially pollutant, could be in contact with
living organisms of the ecosystems.

The regulations in the field of waste materials are mainly basdbeoohemical composition of the
waste, or on the quantity of leached elements and use standard tests. However the quantity of elements
that are potentially leachable does not necessarily reflect the ecotoxic behaviour of the waste in the
environment. Thémpact of a leachate depends on many factors such as: the intrinsic toxicity of the
elements, speciation of metals, the nature of the medium, and physical and chemical interactions
leading to the modification of the bioavailability of the pollutants.

In order to assess the ecotoxic potential opbyducts used in cemebhased materials, measurements
were made to evaluate the effects of acute toxicity and the possible effects of toxicity on the genome
(genotoxicity) of larvae of amphibians exposed to varicancentrations of mortar leachates. This
work is related to the evaluation of the environmental impact of meat and bone meal ashes in the
cement matrix using the standardized ISO 21427 amphibian micronucleus assegompus laevis

larvae (1SO, 2006).
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Effects of waste utilization on reduction of natural resource consumption, landfilling and
greenhouse gas emission in the cement production process in Japan

Kosuke Kawaand Masahiro Osako
Research Center for Material Cycles and Waste Management, National Institute for Environmental Sttlies, 16
Onogawa, Tsukuba, Ibaraki 3@506, Japan

Thirty two of cement plants in Japanviegaannually produced about 70 mili metric tons of
cement product which mainly consists of about 50 milliwetric tons of portland cement and 15
million metrictons of blast furnace cement. In the cement production processes, cement industry has
utilized various wastes discharged frorhestindustries as an alternative for natural resources. Cement
industry in Japan has such a practice in order to avoid high expenditure for natural resources because
of lack of them in the country, compared to the industries in other regions where regoustes can
be procured at an easy rate. Utilizations of blast furnace slag, coal ash, sludge and polluted soil as
alternative for natural raw materials contribute to depression of natural resources consumption and
landfilling. These wastes are chargetfdie cement pyroprocess as raw materials or charged after the
process as admixtures. Utilizations of plastic scrap, woodchip and scrap tire as alternative for coal
contribute to depression of greenhouse gas emission. In spite of decrease in cemeribrproduct
affected by the economic recession, waste utilization has increased and cement industry in Japan has
achieved the high waste utilization, thus, 30 million metric tons of wastes per year or 400 kg of wastes
for 1,000 kg of cement product. Because uiiian of wastes brings revenue of the disposal as well as
depresses cost for natural resources, an indicator of depression of natural resources consumption is
quite important for cement industry.

By reference to the statistics such as the amount of wéiiftion disclosed by Japan Cement
Association, this study evaluated waste utilization not only with the indicator of depression of natural
resources consumption which provided benefits to cement industry utilizing wastes, but also with the
indicator ofdepression of landfilling which provided benefits to other industries discharging wastes
and with the indicator of depression of greenhouse gas emission which provides benefits to both of
industries. Raw materials for cement production consist of limeestday, silica stone, ferric oxide
and gypsum physically, or mainly consist of CaO;®3) SiO, and FgOs; chemically. Any waste
including main chemical components above can be raw material for cement production. Base on the
main chemical components foement production and relevant ones included in wastes, current
situation was compared to the situation without any waste utilization with three indicators (depression
of natural resources consumption, depression of landfilling and depression of greeghsuse
emission). In addition, changes in utilization of natural resources, in landfillng and in greenhouse
emission were estimated varying the amount of utilized each waste, which was optimized through the
indicators. Likewise, wastes stored thermal energyaa alternative for coal were discussed.
Improvement in productivity of natural resources, which refers to the value of gross domestic product
divided by input of natural resources in Japan was estimated in case of more utilization of waste in
cement prodction.

Current situation resulted in great contribution for all three indicators and productivity of natural
resources. Particularly, natural resources contributing t®:Adnd FeO; has not been utilized
anymore, thus, wastes have been major sourcésd@omponents. As a future issue, cement industry
waits for a waste which can be an alternative for lime stone or CaO, but few wastes including rich
CaO exist.

Al t hough the most i mportant indicator d¢estdd ff el
must be taken into account in cement industry in addition to the three indicators (depression of natural
resources consumption, depression of landfilling and depression of greenhouse gas emission). Since
waste utilizations in cement industry haveighhcorrelation with other industries, it is hecessary to
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evaluate waste utilizations not only in one industry but also in the whole industries including iron and
steel industry, nonferrous industry, etc.

Environmental evaluation of mineral additions in @ncrete.
Effects of the different allocation methods

Chen, C' Habert, G}, Bouzidi, Y2, Jullien, A2
L Université ParisEst, LCPC, 58 Bd Lefebvre 75732 Paris, France
2UTT, laboratoire CREIDD, 12, Rue Marie Curi@®P 2060, 10010 Troyes, France
3 LCPC / DDGC, Route de BouayBP 4129 44341 Bouguenais, France

Concrete is the most widely used construction material on Earth. Current estimates of world
production of cement are of the order of 2.8.tths per year, which is enough to produce over one
corcrete cubic meter per person. This induces large environmental impacts, especially due to the use
of Portland cement as the aggregate binder in the concrete. Actually, recent studies have confirmed
that Portland cement was the primary source of Gé€heragd by typical commercially produced
concrete mixesand thatCGO, emissions from the cement industry represented 5% of the total
anthropogenic C®emissions. To reduce this environmental impact, cement and concrete industries
have been engaged over the lest years to increase the replacement of Portland cement with
alternative cementitious materials that are principally derived from industripfdolucts, such as
blastfurnace slags, coal combustion fly ashes and silica fume from silicium industry.tiNdte
limestone filler is also a replacement material that is now widely used. If environmental impacts of
cement have been investigated thoroughly in recent time, those from supplementary materials have
been scarce and reduced to the energy and consumgdained for their processing. The objective of

this study is to assure that no other pollution occur when using alternative cementitious materials, and
that trying to reduce CQemissions by substituting cement will not increase another pollution
componaet.

Life Cycle Assessment (LCA) is a methodology for evaluating the environmental load of processes
and products during their life cycle and its methodology is based on international standards of series
ISO 14040 and consists of four distinct analyticapst defining the goal and the scope, creating the
inventory, assessing the impact and finally interpreting the re@8i, 2006) When a production
system produces more than one product, it may provide more functions than the one investigated in
LCA. The material and energy flows and associated environmental burdens must then be allocated to
each of its ceproducts in order to accurately reflect their individual contribution to the environmental
impact of the system under study. The choice of allocationedure has proven to be one of the most
controversial methodological issues in LCA, largely because it can significantly influence the results
of a study. ISO 14040 procedure indicates that when a constituent enters into the life cycle of a
building maerial (process 2) as a waste product of a previous industrial process (process 1); the
environmental impacts related to process 1 are not taken into account in the counting of the impacts of
process 2. But when a constituent enters into the life cyclenatearial (process 2) as a-pyoduct of

a previous industrial process (process 1), the environmental impacts from the process 1 must be taken
into account in the counting of the impacts of process 2. When allocation has to be done, the first step
is to tiy to avoid allocation by detailing the process and looking at specific processes for every
fraction. If not possible, an allocation on a mass or on an economic basis must be realised for the
process. Sometimes the economic allocation is considered moap@agie than the mass allocation

since the prices between product and by product differ significantly.

The objective of the study is to address an allocation method on environmental impacts of different
mineral additions. Actually, while considerable @®# has been published on topic ofproduct
allocation in LCA, the specific allocation problems faced in LCA of cement substitution products in
concrete have not been formally addressed. This paper provides a study of the influence of different
allocaton methods on environmental impacts of mineral addition in concrete. The data used about
industrial processes come from the Ecoinvent database and have been compiled by SimaPro7.0
software with CML 2001 environmental indicator method. This evaluatiorlesved by a discussion

on the specificity of the cement substitution products and the identification of the driving forces for the
use of these bproducts. The paper concludes with a description of a different allocation methods
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where it is not the relate economic value that permits to evaluate the environmental burdens but the
contrary.

Modeling the recycling processes in the LCA of buildings

S. Lasvaux®, B. Peuportief, J. Chevalie?
&Centre Energétique et Procédés MINES ParisTech
60, Bd St Nthel 75272 PARIS Cedex 06, France
® Centre Scientifique et Technique du Batiment
Départment Energie Santé Environnement
24, Rue Joseph Fourier 38400 St Martin doét

The building sector identified as a main contributor of energy and resour&sgation contributes

to many environmental impacts such as resources depletion or climate change. The identification,
quantification and analysis of the main flows of matter, energy and pollution through the building
system by means of appropriate methads help to provide knowledge and tools for decision
making.

The Life Cycle Assessment (LCA) is, in this context, a method which can be applied to study the
environmental impacts of buildings. Several LBAsed environmental analysis tools have been
devebped over the past few years. However, the relevance of such tools is often questioned. The
methodological choices seriously influence the results of the analysis particularly in terms of data
quality, recycling takeaccount, modelling of the end of lifexé more widely the chosen system
boundaries.

In this article, we present a mathematical model for discussing the recycling aspects in the LCA of
buildings. It allows us to review the current recycling takeount in existing building LCA tools. We
emphass the differences of existing approaches first on a single cumulative energy demand indicator,
then on detailed mass flow inventory balance. We then go on to detail a proposal for a recycling model
in accordance with specific databases (environmentaliptaticlaration) of construction products.

We conclude by providing recommendations for new strategies of integration of the recycling aspects
in the LCA of buildings.

Keywords: recycling, LCA of buildings, construction products, model, resources ordicsgnsitivity
analysis, temporal aspects.

Life Cycle Assessment as a Tool for Evaluating the Valorization of APC Residues from MSW
Incineration in Lightweight Aggregates

Ana S. Simdes, Margarida J. Quina, Rosa M. Qthgaeira
GERSE Group on Envirement, Reaction and Separation Engineering, Department of Chemical Engineering,
University of Coimbra, Pélo Il, Rua Silvio Lima, 30300 Coimbra, Portugal.

Keywords:Valorization of APC Residues, Life Cycle Assessment, Lightweight Aggregates

The Air Polution Control (APC) residues produced during Municipal Solid Waste Incineration
(MSWI) arise from gaseous cleaning systems, being mainly composed by inorganic materials. These
residues are considered hazardous, mainly due to the release amounts oloséineedeaching
processes in what respects some toxic heavy metals and soluble salts. The hazardous characteristics of
the APC residues limit very much the utilization options and a treatment is required before landfilling.
Nowadays, this waste is mainly lsuitted to solidification/stabilization treatments and landfilled.
Among the potential applications, ceramic or glessamic materials may be environmental sound
options. In the present work the valorization of APC residues in Lightweight Aggregates (MS¢A)
selected. Thus, the main objective is the analysis of the industrial production phase of LWA by using
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Life Cycle Assessment (LCA) framework. This methodology is used to identify and qualify the
environmental performance of a process or a productfranr adl e t o graveo. The
was supported by using Simapro7.0 code, which is one of the most widely used LCA software. The
method CML 2000 was used for transforming the characterization factors on quantified effects on
environment. The dataexe collected in a Portuguese industrial plant in 2008, and include: input
materials flows (clay, auxiliary materials and packaging materials); energy consumption (electricity
and heavy oil); water consumption; airborne and waterborne emissions; and Whstdsnctional

unit for calculations was 1 kg of LWA. The system boundary includes raw materials extraction,
grinding, mixture, burning in furnace, cooling and packing. The application of LCA methodology to
the LWA productive process points out that thest significant impact categories are the marine
aguatic ecotoxicity, abiotic depletion, acidification and global warming. The burning in furnace,
mixture and grinding have the biggest contributions, mainly as a consequence of electricity
consumption andossil fuels combustion processes. When the valorization of 10% APC residues is
considered on the mixture process, almost all the impact categories were slightly increased, but the
augment was not significant. This study showed that from the environnpmitdl of view, the
valorization of APC residues in LWA may be a good solution in order to help to solve the problem of
the huge amounts of this hazardous residue.

The FORWAST project: Design of future wase policies for a cleaner Europe

Jacques Villenewe(a), Stéphane Vaxelaire(a), Bruno Lemiére(a), Bo Weidema(b), Jannick Schmidt(b), Hans
Daxbeck(c), Bernd Brandt(c), Heinz Buschmann(c).
(a) BRGM, France
(b) 2-0 LCA Consultants, Denmark
(c) RMA, Austria

In the wider context of sustainable developmenta@mdronment protection, the connections between

the use of natural resources, their accumulation in the economy and waste generation and
management, need to be more clearly understood. Waste management policies may affect potentially
all sectors. Their iftuence on the use of natural resources must also account for the potential recovery
of these resources from stocks, the technical and economical constraints of recycling, the side effects
on the byproducts associated with natural resources, and at tthetle@ global balance of the
environmental costs and benefits.

The European FP6 FORWAST project intends to provide comprehensive and validated data on the
material flows, stocks and environmental pressures coming from the different sectors of thedife cycl
of resources to waste. Certain stocks are particularly relevant to recycling in the construction industry.

The method implemented is based on an environmentally extended, physicabymaasic input
output model. This model combined with a robust rodtlof Material Flow Analysis guides the

0)

mining of new data that -degthpl atediass ai comél @at

high-quality statistics are available, and an-#ide effort aimed at consolidating and calibrating
different staistical and technical data sources.

The model will be applied to historical time series of resource inflows into the economy, and
calibrated to known quantities of waste generation, a core question being the estimation of coefficients
for lifetime stocksfor the different materials (sand/gravel, wood, metals, paper, etc.) and the dynamic
interpretation of the causes of stock variations (accumulation versus waste generation or dispersive
losses). The policyelevance of the project is strengthened by thiénitien of 25 years horizon
scenarios of waste generation, combined with technological options for waste prevention and
recycling. The waste with the highest stakes with respect to environmental pressure reduction will be
identified through simulation.

This paper presents the first results of the project: the principles and the structure of the model and the
progress/difficulties of the data mining. It highlights the necessary disaggregations of economic
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activities for accounting for waste flows and thebstances taken into account for calculating
environmental impacts.

Life-cycle assessment of construction and demolition derived biomass/wood waste management

Kevin Gardnet Alberta CarpentérJenna JambetkKeith WeitZ
University of New Hampshire, Bam, NH 03820°RT! International, 3040 Cornwallis Road, Research
Triangle Park, NC 27709,

To provide assistance in quantifying traafés for the management of wood derived from construction

and demolition (C&D) debris in New Hampshire, aifcle asessment of various management
options wusing the U.S. Environment al Protection
Tool was conducted. Seven different management scenarios were considered based upon the annual
production of C&D debris in the ¢of New Hampshire, and one scenario was used to compare the
combustion for energy production of virgin wood from northern New Hampshire with locally
produced C&D wood. The scenarios included transport distance and various management options for
C&D wood (combustion, recycling, and landfilling) as well as different types of offsets for energy
production (Northeast power grid and coal combustion). Impacts were obtained for energy
consumption, carbon emissions, criteria air pollutants, ancillary solictwastiuced, and organic and
inorganic constituents in water. These impacts were normalized by person equivalents and then ranked
with each impact given equal weighting. In the ranking, all scenarios with C&D debris recycling
coupled with wood waste comlig and energy recovery had lower impacts than the others. The
C&D debris recyclingonly scenarios resulted in less overall impact than the dispoakcenarios.

For the disposal scenarios, the landfill gas (LRGenergy scenario had fewer impatitan when the

LFG is flared. The lowest impact scenario included C&D debris recycling along with local
combustion of the C&D wood derived product with energy recovery providing a net gain in energy
production of over 7 trillion BTU/yr, and up to a 130K styear reduction in carbon emissions.
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Development of an environmental behavior prediction model incorporating predominant

parameters obtained from leaching tests

Hirofumi Sakanakura Kazuto Endg Masaliro Osakd, Shinichi Sakaf
! National Institute for Environmental Studies
2 Kyoto University
16-2 OnogawaTlsukuba Ibaraki 308506 Japan

The possibility thatecycled materialsould pollute the natural environment isgseatconcern.This

study presets a method of predicting the environmenksdhaviorof toxic inorganicsubstances by

usinga numerical model using predominant parameters obtained from leaching hesfarameters

are the leaching flugoefficient the leaching flux quotient, maximuromcentration in pore water and
maximum leachable amount in the recycled material. As a case study, a set of leaching test data of
copper slag when used in road base was applied in the model. No absorption was considered in the
current model. In the set cdition, contaminants plume reaches the ground water table 10 m below
the ground in about 5 years and is then transferred horizontally with the ground water stream. At the
end of the modeling time (30 years), release of contaminants is continuing at &b abmstant
concentration, due to the fact that the leacheable fractions are abundant in the material and the rate of
release of the contaminants is slow.

Reactive transport modeling of leachate evolution of MSWI bottom ash used as road basement,
Hérouville (France) and Dava (Sweden) sites

L. De Wind£, D. Dabd"™® S. Lidelow, R. Badreddin® A. Lagerkvist
2 Ecole des Mines de Paris, Hydrodynamic reaction Group, 77305 Fontainebleau Cédex, France;
® INERIS, Wastes and Contaminated Sites Unit, 60550 WitreeHalatte (France)
¢ Luled University of Technology, Division of Waste Science and Technolo§y 1Sz Luled, Sweden

The recycling of municipal solid waste of incineration (MSWI) bottom ash as aggregates for road
basement requires a better chanazadion of the evolution of leachate chemistry over a timescale of
many decades. In this paper, a common reactive transport model is applied to the Hérouville (France)
and Dava (Sweden) pilot roads whose leachate emissions have been sampled during y€aesd
respectively. The model considers simultaneously the hydrodynamic processes (rain water infiltration,
advective and diffusive transport), gdiffering and solubilitycontrolled processes by secondary
minerals, ageing by atmospheric carbonation @re leachate chemistry (major elements and trace
metals such as Al, Cu, Pb). The evolution of pH is fairly well simulated with the followirg pH
buffering sequence: portlandite, calcium silicate hydrate (CSH), ettringite and, finally, calcite. The
qguantiy of CQO, dissolved in the percolating rain water is generally not sufficient to explain the pH
evolution and carbonation processes, requiring atmospheric gaseous inputs. The relation between pH
evolution and element release is discussed for both sitezul@led Pb release is overestimated when
based on solubilitgontrolled mechanisms only. Edge effects are shown to be important at both sites
with an emphasis of carbonation and release of non reactive elements. Temperature has no significant
effect on thecalculated leachate chemistry in the range ©f38° C, except at high pH.
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Assessment of contaminant leaching from secondary materials in road constructions
numerical modelling of mass transfer and attenuation processes

Christof Beyet, Uli Maier?, Wilfried Konrad’, Bernd Sussé&tChan Hee Pafk
Hermann Ruignér Sebastian BautrRudi LiedP, Peter Grathwofl

! Institute of Geosciences, Christian Albrechts University of Kiel, Germany
2 Center for Applied Geoscience (ZAG), University of Tubin%many

% Consulting Office for Groundwater Risk Assessment, Diisseldorf, Germany
* Helmholtz Centre for Environmental ReseardFZ, Leipzig / Halle, Germany
® Institut fir Grundwasserwirtschaft, TU Dresden, Germany

In this contribution we present resuftem recent studies, where numerical modelling was used for
the evaluation of the sensitivity and effectiveness of coupled contaminant attenuation processes along
the leaching pathway road constructioradose zonegroundwater. Extensive scenario asaly were

carried out to investigate the complex interaction of hydrodynamic, physichochemical and
microbiological attenuation processes in detail. Reactive transport simulations were performed for
three different reuse scenarios (a parking lot, a noigegiion dam and a road dam), where secondary
materials (blast furnace slag, municipal solid waste incineration ash or demolition waste, respectively)
are used in base and frost protection layers. For the vadose zone below the various constructions, a
numbe of different characteristic subsoils, representative for a wide spectrum of grain size
distributions, soil physical and chemical properties, was considered. Results of a sensitivity analysis
showed that breakthrough times (BTT) of readily soluble saltheagroundwater surface (i.e. the
point of compliance) primarily depend on the subsoil unsaturated hydraulic properties, groundwater
recharge rates and the depth of the groundwater surface. For weakly or strongly sorbing organic
contaminants like naphtleme or phenanthrene, respectively, alsQ #d subsoil organic carbon
content have a dominant influence on observed BTT. Significant concentration reductions from
dispersion only occur when source concentrations decrease prior to contaminant breakthrough
Biodegradation may be an effective attenuation mechanism for organic contaminants, especially, if
residence times in the vadose zone are sufficiently |@dtgnuation factors derived from the
numerical scenario analyses served as valuable input festalklishment of a new regulatory concept

in the upcoming upcoming "federal decree for the use of mineral recycling materials"
(ErsatzbaustoffV).

Identification of leaching-controlling process by differential acidneutralization analysis for
geochemical nodelingi application to metal hydroxide sludgestabilization with coal fly ash

Olivier Peyronnard; Denise Blan%; Mostafa BenzaazobiaPierre Moszkowic%
& LGCIE Site Carnot, INSAyon, 9, rue de la Physique, F69621, France
PUQAT, 445 Bérsitd] RodyaNotaddd, Québec, Canada J9X 5E4

The modeling of the leaching behavior of cementitious materials containing wastes requires the
identification of the minerals reacting in contact with aqueous media. The differential analysis of acid
neutraization data permits to highlight the dissolutions of phases occurring during the acidification of
the solid matrix. Nevertheless, the identification of these dissolving phases is fairly complex because
of the influences of the geochemical context on #memntitious hydrates stability. In this work, we
propose to use a numerical simulator as an aid tool for the identification of the dissolving hydrated
minerals. This work is based on the results of a differential acid neutralization analysis test performed
on synthetic hydroxide sludge stabilized/solidified by hydraulic binders. The proposed method permits
the identification of semvalidated mineral assemblages representing the studied materials and their
leaching behavior.
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Modelling of leaching in an ayjed MSWIBA subbase layer:
1. Hydrological conditions

David Bendz1, Peter Flyhammar, David Kosson, Pascal Suer, Hans van der Sloot
1)Swedish Geotechnical Institute
581 93 Linkoping, Sweden

In a previous project presented at Wascon 2006 (Bendz et alcGimmalated effects of

longi term leaching of MSW bottom ash in a dudse layer in a test road) the accumulated
effects of leaching and aging in a subbase layer of bottom ash were investigated and some
observations were made:

¢ The physical properties ofatpavement structure influence the way and the extent to

which the construction materials become exposed to water and air. The observed patterns of
EC, pH and leachable amounts of,@a, DOC, Cu, As and Cr in the bottom ash reflect
exposure to water, awaphere, aging and transformation processes. The data clearly show pH
fronts that propagate from the road shoulders towards the center of road.

¢ Spatial distribution patterns of mobile elements (leaching controlled by availability), such

as Cl, in the subbase layer confirm the existence of two major transport processes in a paved
road construction with permeable shoulders. The existence didiffand capillary transport

are indicated by gradients in the subbase layer directed towards the road shoulders.

¢ The spatial distribution of leachable content of Cu is closely associated with the

leachability of DOC, which in turn, is governed by thatemt of organic matter (decreases

with time due to degradation) and transformation into less soluble forms with time.

¢ The spatial distribution of the leachability of As and Cr indicate a dependency on varying
redox conditions. This manifest itself irspatial pattern of Cr that shows low leachability in

the center of the road body and increasing leachable amounts towards the road shoulders. The
spatial distribution of As show the opposite pattern with high leachable amounts in the center
of the road andecreasing figures towards the road shoulders.

The overall objective of this ongoing study (presented here in two accompanying conference
papers) was to bring the evaluation of the field data further by taking advantage of the
existing data, performing awplementory laboratory experiments (skat test, column test,
diffusion test, Fe/Al oxide, DOC fractioning) and geochemical and hydrological modelling
with LeachXS and Hydrus-D.

In this paper the specific objectives were to investigate how the hydraogditions,

infiltration of water and leachate production has evolved with time. This include also the
distribution of water in the bottom ash layer as a function of space and time.

The data and results from the hydrological modelling will be presentédiscussed

Modelling of leaching in an aged MSWIBA subbase layer:
2. Geochemical processes

Pascal Suét Hans van der Sloot, David Bendz, Peter Flyhammar, David Kosson

Yswedish Geotechnical Institute
581 93 Linkdping, Sweden

In a previous projectvVandora Q4241 (report 964),funded by Varmeforsk (Swedish Thermal
Engineering Research Institute) presented at Wascon 2006 (Bendz et al, 20G&)¢uimailated

effects of leaching and aging in a subbase layer of bottom ash in a test road were invesTigated

test road were constructed in 1987 in Link6ping, Sweden, and was in use until the stavtaoidbie

Q4-241 study in September 2003he overall objective of the present study (presented here in two
accompanying conference contributions) was togbthe evaluation of the previous project further by
taking advantage of the existing data, perform complementary laboratory experiments on four
composite samples reflecting different degree of exposure to atmosphere and leaching. The specific
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objectiveswere to investigate: (i) what processes and mineral phases that govern leaching ef macro
and trace elements and DOC in the bottom ash after 16 years-Z@08y of aging under field
conditions. (ii) how the hydrologic conditions, infiltration of water dedchate production has
evolved with time. The following tests were performed on the composite sampletatist, column

test, Fe/Al oxide extraction and TOC fractioning. Geochemical modelling where performed with
LeachXS/Orchestra.

The geochemical ggiation modeling was carried out for major, minor and trace elements and
integrate mineral dissolution/precipitation, iroride adsorption, incorporation in ettringite solid
solution, clay interaction and interaction with dissolved and particulate orgaaiter. The
geochemical model was parameterized with data on HFO, TOC and IC. The governing mineral
assembly was selected based on experidrareoxide sorption was shown to be important for many
trace elements (metals as well as oxyanions). The rblerganic matter (both dissolved and
particulate) is important for elements like Cu, Cr, Cd, Pb (although the major fraction of the available
content is associated with the mineral phases). Obviously, proper mineral solubility data are limited
for some elments, like Sb, B, Se. The model fit for macroelements was good and for trace elements
the match was quite acceptable. The model confirms that Cu, Cr, Pb, and partially Zn, in solution is
bound to DOC. The elements Zn, Cd, Mo and Ni are present in thgosomainly as free ions. It is
important to emphasize that for ecotoxicity evaluations the free element is of importance and the DOC
associated metal is not affecting many organisms. In the solid phasemtse$y associated with iron
oxides.Other eéments wher@on oxidesplays an important role are: Pb, Cd and Cu. The elements
Cu, Zn and Ni are mainly associated with the solid phase as minmdlchite (copper hydroxide
carbonatevillemite (zinc silicate), nickel silicate and iron chromate. Témult implies that release of
elements could be predicted for a bottom ash under certain environmental conditions if available HFO
and TOC are measured. The major environmental conditions that needs to be specified are: pH, DOC
and DIC of intruding wateand degree of exposure to atmosphere.

Groundwater impact simulations for establishing criteria for the recycling of alternative
materials in road construction

Gaél Bellenfarl Dominique Guyonnét Patrick Vaillant, Laurent ChateduJacques MéRuFrédéric Lera§

1: BRGM, Orléans, France
2: MEEDDAT, French Ministry for Energy and Ecology, Paris, France
3: ADEME, French Environment Agency, Angers, France
4: INSALyon, Lyon, France

The recent European Wadteamework Directive (OJEU, 2008) promotesvaste hierarchy which
places recycling above elimination in landfills in terms of community preference. In view of
increasing difficulties with respect to the access to natural granular materials (e.g. sand and gravel),
there is an incentive in France poomote the use of alternative granular materials such as those
derived from certain types of waste, for applications in road construction for example (MEEDDAT,
2009). The suitability and acceptability of such alternative materials derived from wastblslesd
primarily on the basis of geotechnical and environmental criteria. From a geotechnical standpoint, the
alternative materials must provide a fiserviceo i
substituted for natural materials withtdoss of road structure functionality and durability. From an
environmental standpoint, the material must not generate unacceptable risks for the environment
and/or human health.

In this context, an important issue is the potential for contaminatignoohdwater located below
or downgradient from a roadwork. This potential is typically assessed using models that simulate the
migration of substances emitted from the alternative material once it is used in a roadwork as defined
by a specific utilizatiorscenario (CEN, 2006). Such assessments are generally performed backwards:
given a certain objective of groundwater quality at a certain distance from the roadwork (called a
Apoint of complianced or POC), wh antterigl)lgearasest er i st
that this quality objective will be respected at all times? Such an approach was adopted for the
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definition of the waste admission criteria in landfill that appear in Decision 2003/33/EC (OJEC, 2003;
Hjelmar et al., 2001).

As part of he drafting of the French guidance document (MEEDDAT, 2009), a similar approach
was used (consistent with CEN, 2006) to establish acceptance criteradtediorative materials,
including those recovered from waste, in road workds paper presents the thedology used and
the results of numerical transport simulations which led to the calculation of attenuation factors (AF)
used for establishing the criteria.
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Topic 1Solid characterization

Heavy metal and oxyanion binding in fre& and carbonated hydrated Ordinary Portland cement
pastes

C. Annette Johnsonn-Kathrin Leuz and Amit Bhatnagar
Eawag, Swiss Federal Institute of Aquatic Science and Technology, Ueberlandstrasse-8880CH
Duebendorf, Switzerland

Secondary material®r wastes, are being increasingly used in the production of cement and concrete.
They may be added as raw meal substitutes, fuels or as mineral ad@ithesindustrial wastes such

as, e.g., fly ash and blast furnace slag are used as additives fentdelending.While organic
contaminants are destroyed in the kiln, an increase in metal concentrations is possible. Also, the use of
cement to immobilize hazardous and nuclear wastes and to chemically bind inorganic species in the
cement matrix has incrsad over the last decades. Incineration residues of, for example, municipal
solid waste or sewage sludge that are landfilled are generally alkaline and have geochemical properties
that are similar to cementitious materials while also having elevated heztay concentrations. For

all these materials the loagrm release of heavy metals to the environment is an essential element of
risk assessment.

Porewater concentrations of heavy metal(loid) species are thought to be controlled by a combination
of the pecipitation of mineral phases and the sorption to or the incorporation in cement minerals.
Cement minerals can substantially reduce heavy metal solubility of metal(loid) species that are soluble
in alkaline mediaThe hydrated Portland cement matrix camgacalcium silicate hydrate (§H, 50

wt%), portlandite (Ca(OH) 20 wt%) and Ca aluminates (ettringite, 3GaIG0;3CaSQ-32H,0;
monosulphate, 3Cafl,0;-CaSQ-12H,0 and Ca carboaluminate, 3CAQ0;CaCQ-11H,0). As
cementitious materials age the baSie minerals are carbonated, Al and Fe form hydroxides, while
SO, transforms to CaSpP

In fresh cementitious materials published investigations show evidence for the sorption of heavy metal
cations to CS-H. Anions appear to bind to Ca aluminate phaselsstituting for, usually partially for

anions such as sulphate, though adsorption to the surfaces -6fH,C ettringite
(3Ca0Al,053CaSQ-32H,0) and monosulphate 3Ca0AIl,0;CaSQ-12H,0) is an alternative
immobilisation mechanism.

Attempts have been made translate the mechanistic insights into thermodynamic models that can
explain the leaching process, but leaching processes are very difficult to model because not only is
there, in many cases, insufficient thermodynamic data to allow the predictiororefvaier
concentrations of metal(loid) species, but physical changes, resulting from carbonation and
weathering, affect diffusion processes. Here we examine the solubility of of selected cations, namely
Zn(ll) and Pb(ll) and of the oxyanions chromate, isale, selenite and antimonate in hydrated
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