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CREATION OF SLF

e July 2006

 Founding Members

— SITA France — AFVALZORG NL
— VEOLIA France — A&G Maasvlakte NL
— COVED — ESSENT MILIEU NL

— SECHE Environment — CESPA 5p



OME OF THE .
3JECTIVES OF THE €=

EFOUNDATION .

Establish a practical knowledge and experience base
Develop best available technology criteria
Develop and promote practical sustainable landfill methods

On these objectives the working group for hazardous waste
management was created
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L FOR S/S WAST

@ Landscaped area

@ Stabilisation plant




C f||| capacity for S/S ‘l

waste

(Examples of SLF Members only)

France

13 sites
1 million ton capacity/year
50% treated by stabilisation since 1995 (2/3 APC residues)

The Netherlands

1 site
115 kt capacity/year (1.5 million ton capacity)
400 thousand ton treated by stabilisation since 1998 (3/4 APC residues)



French WAC
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Hazardeus Wwastie

SOLIDITY NO
CS > 1 MPa and
(MONOLITHIC WASTE) TS >0.1MPa " (NON MONOLITHIC WASTE)

LEACHING TEST

LEACHING TEST

Limit values Limit values

NO

o As
Monolithic sample g,

@4cmx8cm Cd
Total Cr

25 mg/kg DM
300 mg/kg DM
5 mg/kg DM
70 mg/kg DM

25 mg/kg DM
300 mg/kg DM
5 mg/kg DM
70 mg/kg DM

Crushed waste
to 4 mm

100 mg/kg DM
2 mg/kg DM
30 mg/kg DM
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U TO BE TREATED
(INERTIZATION)

200 mg/kg DM
10 % DM

1000 mg/kg DM
500 mg/kg DM

50 mg/kg DM

5 mg/kg DM

7 mg/kg DM
200 mg/kg DM
10 % DM

1000 mg/kg DM
500 mg/kg DM

NF X 31-211

EN 12-457 - 2
standard

standard

Fluoride

ﬂ YES

Fluoride

@ YES

CLASS | CLASS |



Dutch WAC

Hazardous waste

v

_____________________ |

NEN 7343

Stabilisation hazardous waste
» Compressive strength 3 1MPa
« Stable, shape solid monolith

* Leaching test (Diff. tank test 7345)

Dispose granular waste
on landfill

(non monolith waste)

Yes Fososoosoooooos ‘l —————————————————— , No
. Total salt perc. £20%
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L

Leaching test LS1 (granular material) |

(Cl, Br, SO4) |

Stabilisation hazardous waste
« Compressive strength 3 1MPa
« Stable, shape solid monolith

* Leaching test (Diff. tank test 7345)

Dispose monolithic waste
on landfill (special compartment)

Dispose monolithic waste
on landfill (special compartment)




\

Future implementation of EU standards on monolithic
wastes in landfill (mandate from Commission to CEN)

Harmonized approach on Waste Acceptance Criteria
based on landfill modelling (risk assessment, POC)

Solidification & stabilisation as a sustainable solution to
treat APC residues (and other types of haz. waste)



APPROACH OF THE ‘/

STUDY K

Performance AND environmental impact assessment of waste disposal

» Dynamic leaching tests to better characterise the long-term behaviour of
cementitious (s/s) waste

» Understanding of leaching mechanisms to extrapolate the laboratory results to
engineered systems (disposal) and environment interactions (leaching, impact)
and verify the pertinence of WAC for Cl, SO4 and TDS

Need for a “common” modelling approach and code appl led to different
scales

Reactive transport codes can fit reality
lll. On site

evolution vs

scenarios )
[I. Dynamic

leaching
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BOUNDARY CONDITIONS g ffeeivsros
FOR LANDFILL ‘\"/

Configuration of the landfill (already used for ass essment of waste
acceptance criteria for granular waste in hazardous waste landfill)

 cover consists of a clay liner or layer (1 m thick) and a geomembrane, allowing
partial rainwater infiltration;

« waste volume of 150 x 150 x 20 m, consisting of s/s waste monoliths;

* inactive drainage system,;

 bottom clay liner or layer (5 m thick) without any additional synthetic liner;

» 2 m thick unsaturated zone above a shallow sandy aquifer (20 m thick);

* point of compliance (e.g. a well for pumping drinking water from the aquifer)
located 200 m downstream from the landfill boundaries.



BOUNDARY CONDITIONS g
FOR LANDEILL =

Hydraulic dynamic assumptions

 hydraulic conductivity (HC) of the drain 10> m/s,

o lateral hydraulic conductivity and bottom clay layer HC are set to 10 m/s.
 cover has an hydraulic conductivity of 10-°> m/s as well

e rain water precipitation of 700 mm/y

« effective infiltration rate through the upper clay layer of 34 mm/y

Characteristics of the clay layer
» cation exchange and surface complexation



Characteristics
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SIS WASTE

L

Element Weight content
(vs. dry material)
Hydraulic Porosity Effective Wet density
0,
Ca0 40 % conductivity | (w) diffusive | (water
SiO, 18.5 % (K) coefficient saturated)
A0, 7% (De)
11 [ 10 m2
N&,0 15 % 10t m/s 38% 1x10*%mé/s | 1.7
K,O 1.7 %
SO, 2.5%
0, . .
cl 8.5 % And also taking into account:
Others 20 % » Thermodynamic formation constants of the solid phases
— — used in the calculations
nitial pore water composition « Stability of the chloride and sulfate solid phases
Temp. 20 °C
pH 12.1
Na 35 500 mg/L
K 47 000 mg/L
Ca 16450 mg/L
SiO, 0.1 mg/L
Cl 125500 mg/L
SO 300 mg/L




Mineralogy
S/S WASTE

Mineral Weight content
(vs. dry material)

CaCl,Ca(OH),:H,0 25%

Calcite 4.5 %

CSH 1.5 34.5%

Ettringite (AFt) 11.5%

Friedels salt (AFm) 31%

Halite 2.75%

Sylvite 2.75%

Quartz 4.5 %
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MONOLITHIC DYNAMIC
LEACHING TEST

Cumulative(nSassOrggz!jalﬁrEI-,rh)a, Ca, SO4, Siand K



RESULTS FOR
MONOLITHIC DYNAMIC
LEACHING TEST (SOXHLET)

Weathering front, main mineral phases (model / experimental)

Weathering front (porosity / effective diffusion coef)



Element release batch leaching test (L/S 2/ L/S 5)



Cumulative released mass calculated in the TDS leaching test

» The predominant contribution to the total released mass comes from chloride (54.5%), followed by
potassium (20.5%), sodium (15.0%) and calcium (8.5%). The sulfate percentage remains low, about
0.25%.

*The renormalization of the total released mass to the dry mass of s/s waste yields a TDS value of
4.25%, well below 10% (WAC in the decision 2003/33) even though [CI] is about 25 000 mg/kgDM
(WAC in the decision 2003/33)



Comparison of the model with experimental results

Dynamic leaching test :
» similar behaviour for release of mobile elements

» evolution of the porosity and effective diffusion coefficient fit well with
evolution of the pore size distribution

« similar evolution of the weathering front during leaching
Batch leaching test :

« similar results for release of mobile elements and pH

The model is well designed for assessing behaviour of the s/s waste stored in a
hazardous waste landfill



Simulation for Cl but same scheme for SO4, pH, Portlandite, Ettringite and Friedel’s salts

After 200 years After 1 000 years

Aiter 10 000 years Time profile of [Cl] in aquifer at POC



- Maximum CI concentration calculated at the point of compliance in the aquifer:
70 mg/I after 750 years and slow decrease to 30 mg/l after 10 000 years, well
below the threshold of potable water (250 mg/l)

AND

- Calculated TDS at 4.25% well below WAC (decision 2003/33), Cl release close
to WAC (decision 2003/33). But this is based on batch test (i.e. actual emission
much lower because of monolith)

The combination of S/S waste and engineered landfill as
operated by SLF’'s members provides a high level of

protection of the environment



Comparison between models

ECN model (diffusion controlled)

« POC at 30 m

« model for granular non-hazardous
waste (but with input of s/s waste)

EMP model (mineralogy, diff.)

e POC at 200 m
» model for hazardous s/s waste



How does it behave In practice?

On our landfills, we observe since 1995:

* N0 impact on the quality of the watertable,

» S/S waste disposed of remains monolithic and no degradation of the physico-
chemical character occurs (in fact, they improve with time)



Release (% of availability)

100% +
90% -
80% H
70% -
60% H
50% -
40% -
30% -

20% H

10%
0%

Translation of laboratory test results
to ‘real-life’ emissions from landfill

Relative release as a function of time
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0.01 0.1 1 10

Time (years)

Influence of size of test
block is significant (but
accountable)

100

——4*4*16 cm
—=8—-10*10*12cm
—A—1*1*5m
—&— 5*5*5m

—e— 50*50*10 m

Release (g/m2)

100000 +

10000

1000 +

100 +

10

Absolute release as a function of time

—a— Standard scenario

—e— Temperature from 23 to 10 C
—m—Wet dry cycles
—O—Unsaturated or dry zones
—¥— Sum of all factors

0.01

O.‘l :‘I. 1‘0 160
Time (years)
Influence of other circumstances
are similarly significant (and also
accountable)



CONCLUSIONS

The level of ongoing Waste Acceptance Criteria (defined in the EU decision
2003/33) are sufficient to ensure the protection of the environment, also for s/s
hazardous waste in engineered landfills.

No need for new WAC for monolithic waste compared to granular waste,

Based on our knowledge (experimental and at industrial level) and in compliance
with modelling:

Stabilisation/solidification in combination with en gineered
landfilling provides one of the solutions for APC res iIdues (and other
types of hazardous wastes)



THANK YOU FOR YOUR
ATTENTION

SLF

Dirk-Jan Simons (A&G, LBP)
Rob Bleijerveld (A&G)
Nicolas Humez (Véolia Propreté)



