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GENERAL CONTEXT
Development of the « Parc du ruisseau des Aygalades »

© Groupement Michel Desvigne Paysaqgiste

Brownfield redevelopment and circular
economy

Aim
- Create a 20-hectare park for 2031 on the site of
former railway activities north of Marseille

FRICHECO | Recherche Ademe

ADEME | current site and after conversion

In this context:

ABENCE DE LA

- Promote the reuse of urban materials (excavated soil, i
silt, dredged sediments, etc.) to rehabilitate degraded Aovet projsde pctarche Growth horizon
areas and carry out urban landscaping projects GESIPOL etan
Ntur;I soil -
Fleld teSt co\;igitcatgséegoil
*  Project pilot site — Parc des Aygalades: testing
formulations to create 45,000 m?® of fertile soil by / Development horzon

Soil degraded by

. Technical horizon
human activity

recycling excavated material from the site using an on-
site platform.

Summary diagram illustrating the integration of the soill
construction process (INRA/INP&/TVD patent) for the
BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR restoration Of degraded enVirOﬂmentS.@ BRGM

Functional soil

Secondary primary .
material construction

formulation arranged in

Depollution and layers (horizons)
earthwork ﬁ | Soil construction process



https://recherche.ademe.fr/fricheco

Drinking water production

R E S E A RC H P ROJ E CT Deposits: silt (agronomic capacity)

Classification: K2 and possible downgrading to K3+

F - h (depending on lagoonning time)
rl c e co Function: particle size corrector, organic matter, clay

Identification of alternative Produit ® Clay ® Comp @ St Piotsie
materials

© Néo éco

Decision —making tool
- Mapping of alternative materials

Industriel
Material: compost

Classification: resource é w
Function: provides organic \.
matter/nutrients and other minerals

Potter Ravel

Deposits: clays
Classification: K3

Function: mineralogical clay
corrector

«  Other materials in the urban
metropolis are characterised to
serve as a correction,

« This is the basis of the ‘small soil

cycle’ that we want to make bt
operational . quarries and other industrial operators
Carrier: Sterile material and other co-products @ Séescinces pourun e
Classification: K3 or K3+
BROM — SERVICE GEOLOGIGUE NATIGNAL — WW.BREM.FR Function: base material or possible corrective deposit rg m
(currently being refined)




Geoscience for a sustainable Eart
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ARE THE MATERIALS ON THE SITE
SUITABLE FOR BE USED AS SOIL?

ADENCE DE LA
TRAMSITION
ECOLOGIQUE



BRGM APPROACH FOR A brief look at soil fertility : organo-mineral
SOIL CONSTRUCTION associations, the key to soil fertility !

Agrégat structural
Grain de sable

Microcolonies
bactériennes

Débris de racine

Débris de feuilles

Microagrégat 50 uN

i

= This reactive
Grains de limon Stru Ctu re Wa S
Microcoorie formerly known
Polysaccharides a S t h e " C | ay-

humus complex”.
»
‘ Complexe argilo-humique Argile

2:1 Clay
Calcium

Source: Le sol vivant - Bases de pédologie, H umus _ _ i
biologie des sols. Gobat J.-M., Agagno M. et ol i SR CE

co H Acide humique

Matthey W., 2003, Presses polytechniques et ) L pour uneTer durae

universitaires romandes '—r
BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR rg m




RESEARCH PROJECT
Fricheco

Soil regeneration : Technosols construction or
pedological engineering

The approach developed to build fertile urban soils is
based on the following principles:

«  Correct texture,
« Correct organic matter content,

« Correct the mineralogy, with a focus on the type of clays and
carbonated materials,

« Structure the mixtures and superimpose layers (horizons) of different

natures to give the future soil the porosity it needs to allow water, air macropores
and roots to pass through. The 3D architecture of the soil
. . . . . . Source : Vogel et al., 2021, A holistic perspective on soil architecture
The objectlve is to formulate a mixture with hlgh is needed as a key to soil functions —European J Soil Science,
. . . Volume: 73, Issue: 1, DOI: (10.1111/ejss.13152) (Graphique : Lisa
organo-mineral aggregation potential. Vogel, www.lisavogel-illustration.de)

@ Géosciences pour une Terre durable
BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR 8 hrg m



RESEARCH PROJECT
Fricheco

Qualification of earthy materials from the site and the nearest environment

Use of a (new) onboard XRF-XRD combination device: On fleld measurements -

+ Give the chemical composition of samples (including metal contaminants): pXRF
- Give the mineralogy of samples (including clays): XRD

CPS detector ‘..:;': \ XRD
c :
XRD source -E- Wi[wl [t \"NJ\""‘VJJ ""W‘M"“w e
. it ,—_A..\‘A ~-\~..—-‘~°-"-~_~'- J-A-«-rh....;;o—
2Theta (degree)
XRF
. Analyzed zone = i =
;m] : sample holder . -
otation axis ‘:,‘,V | '\_“, " w.\/r\
] s 10 15
Energy (keV)
© TerrAnalytiX (Herbelin et al., 2023, modifié de Maestracci et al., 2023)

30

number of characterisations
per day

BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR




RESEARCH PROJECT
Fricheco

Results: materials identification Box plot- Minéralogie des échantillons du
groupe 3

Three groups of materials identified on the site orie

Smectite

Clays

Kaolinite

fe
(g
N
Illite et/ou B
micas
Goethite 4o
Plagioclases

et/ou e }
felspaths
Quartz T
Dolomite +f -

Calcte @} Carbonates

0 0,2 04 0,6

Silicates

proportion

Presence of an interesting formation (G3) on site for soil . .
Mineral composition of group 3

construction, but: material © BRGM
*  Present at 2-3 m depth

«  With a deficit of reactive mineralogical clay (less than 15 %)

* Not free from contaminants @ Siossences pourune T drtls

brgm
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RESEARCH PROJECT
Fricheco

Expression of results to the project manager

Reading keys :

Contaminationindex:

- A: no contamination,

- B: moderated contamination,
- C: high contamination.

N/

14 C_C

Clayindex argile : /

- A: clay dominance 2:1,
- B: clay dominance 1:1,
- C: material not belonging to the ‘clay’ group.

Mineralogical clay
content (%)

Coding system is proposed to express the
potential of the sample to be transformed into
soil using 3 indicators:

+ clay content

«  type of clay

* possible trace element contamination

BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR

R1:Level 1 TEXrelease for |R2: High value of moderate soil
urban development projects | anomalies in France (Baize,
(mg/kg) 2000) (mg/kg)

As 25 60
Cd 0,4 2
Cr 90 150
Cu 40 62
Ni 60 130
Pb 50 90
Zn 150 250

A R1 B R2 c

< l | >

Classification limits (in this case,
contamination) can be modified according to
the context and, in particular, the desired use
of the excavated soils.

Location of suitable earth material
at site © BRGM

@ bﬁéostiences pour une Terre durable



RESEARCH PROJECT

Fricheco

Formulations have been proposed, and the next step is to test them in real-world
conditions in an experimental garden, scheduled to be set up in September 2026.

0,3

-0,6
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BRGM — SERVICE GEOLOGIQUE NATIONAL — WWW.BRGM.FR

2 végétations différentes

dans chaque parcelle

Matériaux du
commerce
MO libre

Ou 0Obis

100% limons SEMM
Sans MO

|

C/argile granulométrique =1/8

¥

Env. 4%

Vyo: Valeur massique de MO cible

1
1
1
1
1
1
L
I
L
1
1
¢
1
1

|
e

6 parcelles x2 typologies

Horizon de croissance : terre moyenne + apport de compost (valeur cible massique: 3 a 5%
sauf parcelle 4) + apports de matériaux argileux variables

100% limons SEMM

Vyyo cible

50% site / 50 %
SEMM

Vo cible

SEMM .

1

1

N 1

Vo cible 1
1

1

1

75% site / 25 % : 80% site / compost

Vyo cible

80% site /R% pour | 100% terre moyenne

Ravel (cibler 20%
d’argiles)

Vo cible

! du site

Vo terres (1% env.)

Horizon de structure uniquement composeé par la terre « moyenne »

Sol en place avec decompactage sur 30 cm sur toutes les parcelles

!

Géosciences pour une Terre durable
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CONCLUSION &
PERSPECTIVES

Oprgm ™




Conclusion : How can we express a material's potential to transform
into a “soil” ecosystem?

- Here, we postulate that knowledge of the quantity and type of mineralogical clay is essential,

- To this end, we are experimenting with the “democratization” of mineralogy measurement using X-
ray diffraction and proposing interpretation keys. ,

- Ultimately, the materials on the site are classified simply according to this potential, and corrective
additions are proposed in order to obtain the most balanced formulation possible (TOC, mineralogy,
and texture), taking into account the availability of materials on the site and in the surrounding
environment,

- Among the indicators in the soil directive that are useful in helping to formulate this, we believe that the
organic carbon/clay (granulometric) ratio is key, as it expresses the aggregation potential of the
mixture:

TOC/argile ratio Soil health Aggregation potential (or

expected structural stabilit
13 poor
10 average satisfactory
8 good Very good

Soil directive indicator =»

From Johannes et al., Optimal organic carbon values for soil
structure quality of arable soils. Does clay content matter? @ Béosciences p
Geoderma, 302 (2017), pp. 111-121 h rg m

s pour une Terre durable
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Towards agriculture in the Orléans region in synergy with its
urban environment — ATOU project

BRGM proposal to study the relevance of implementing a “small soil cycle” in the metropolitan area to
develop soil fertility through the use of urban resources and innovative agricultural practices.

Upcoming program:
Inventory of excavated earthy materials in the metropolitan area.
Inventory of needs for “topsoil,” soil amendments, and soil thickening.
Acculturation of stakeholders to the “small soil cycle” and the recovery of excavated soil (regulatory aspects).
Deployment of the BDSOLU — a data base dedicated to urban soil.

Context : Call for expressions of interest for “Regional Demonstrators of Agricultural and Food z
Transitions” - PIA4 (Future Investment Program 4) is a French government funding program O RLEAN S
launched in 2021, aimed at accelerating innovation and supporting the French economy as part
of the France 2030 recovery plan.

‘J @ Géosciences pour une Terre durable
CHAMBRES h rg m

D’AGRICULTURE
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Thank you for your attention

Contact : p.bataillard@brgm.fr

Géosciences pour une Terre durable
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