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The problem of pyritic soils in underground works

1 - Introduction on the behavior of pyritic excavated soils
2 - Management procedures for excavated materials that may contain pyrite
3 - Measurement methods
4 - Conclusions
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Context and problematic : the behavior of pyritic e xcavated soils
Feedback from tunneling works in Ile-de-France

Great Paris Trainline construction (SGP) and EOLE pr oject (SNCF) 
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Environnemental impacts

- soil becomes red/ochre
- possible unpleasant odor (H2S) 
- acidification of site water until pH2
- increase of sulfate content
in percolated water

Geotechnical impacts

Possible reaction between
cimentitious products and sulfur in 
soil submitted to treatment for road 

construction

Pyrite, organic matter ans soil treatment caused
disturbance on A28 motorway earthwork

(Y. Boussafir,  M. Boussafir) 

Pyrites

storage area  at Saint-Martin-la-Garenne, 
near Mantes-la-Jolie (Yvelines, France) 

https://www.lefigaro.fr/flash-eco/pollution-evacuation-en-
banlieue-parisienne-de-240-000-tonnes-de-deblais-20211103

Cement-treated pyritic soil  >> swelling 

Need adequate 
management! 

Context and problematic : the behavior of pyritic e xcavated soils
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Management procedures for excavated materials that may contain pyrite

 Status of excavated material containing pyrite 

 Management procedures :

 Pyrite risk management procedures for underground structures in the 
Paris Basin 

 Pyrite risk management procedures for the Stuttgart-Ulm project (e.g. 
Bossler Tunnel - Germany)
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Management procedures : 
status of excavated material containing pyrite

Pyrite
Important 

physical/chemical
modification 

No Environmental and health
safety

Pyrite

No important  
modification of 

physical/chemical
properties

AM du 12/12/2014

Environmental and health safety

[SO4 ] threshold = ICPE  entry >> inert

- No threshold for S tot

Inert

R.541-8  du ce

Directive déchets et L.541-1-II du ce

Non inert

Ways of 
excavation Ways of 

Transport /
storage

Ways of  
Treatment / 

Storage

Industrie extractive  : 

Method of storage to protect soil
from oxidation

[S2- ] threshold = 0,1 %, or  [S2- ] max = 1 % and  
neutralisation ratio > 3.

Soils in Quebec : 
Without

restriction if the 
si [S2- ] < 0,2 %, 
if not measure

of acidogen
potential



Management procedures : pyrite risk management proc edures 
for underground structures in the Paris Basin 

Presence of millimetric 
pyrite (iron sulfide, 

FeS2)

Extraction of geological 
units containing pyrite 
using a tunnel boring 

machine

Management methods to 
avoid any risk of oxidation: 

characterization, 
identification of outlets 

and treatment by mixing with 
carbonates if necessary

Source : Solscopemag, décembre 2024
Source : UGE, CFMS, 2022

Source : Arrêté IPréfectoral 2021, Ligne 15 Sud du réseau GPE
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Pyrite risk management methods 
for underground structures in the 

Paris Basin (dec 2021)

GEOLOGICAL 
EXPERTISE

SULFIDE 
CONTENT: 

STATIC TEST

S2- > 0,1%

S2-< 0,1%

NP/AP 
RATIO < 4

CARBONATE 
TREATMENT

Usual
MANAGEMENT

ADAPTIVE 
MANAGEMENT

kINETIC
TEST

NP/AP 
RATIO > 4
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Management procedures : pyrite risk management proc edures 
for the Stuttgart-Ulm project

Source : UGE, CFMS, 2022
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Presence of millimetric 
pyrite (iron sulfide, 

FeS2)

Extraction of geological 
units containing pyrite 
using a tunnel boring 

machine

Management methods to 
avoid any risk of oxidation: 

Compactness target for 
impermeable material
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Pyrite risk management 
procedures for the Stuttgart-
Ulm project Decree Germany

RAPID soil implementation
on storage site

Soil implementation by  
compacted layers

Monitoring /controled quality : 
granulometry after compaction, proctor

density reached,
the water permeability measurement,  

sulfate analysis on lixiviat

At the end of the soil implementation, 
a cohesive waterproofing layer is

positioned at the top 
(layer without pyrite)
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Method UGE : use only a C/S analyzer + acid attack
for the measurement of Stot, SO4, sulfur, carbonate : 
3 (1) days for results : good accordance with COFRAC 

lab

Exemple 

NF EN 15875  standard

C/S analyzer
(before and after a acid attack

with boiling acid)

C/S analyzer
after sulfate extraction by 

bloiling acid attack
(idem NF P 1744-1)

ISDI 1000

ISDI + 3000

TN / TN+ 
jusqu’à 
19000-
22000

Mathematical
calculation non 
representative
of what happens
on site  Ech1

Ech2

The static test  for pyrite soil management : 
the development of a « rapid » test for NP/AP calculation (NF P 18575)
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The kinetic test for a more realistic estimation of s ulfur oxidation

The degradation of pyrite requires water and oxygen

Evolution during the drying or humidification period when soil 
is unsaturated ( especially the wet/dry cycles)

After a certain number of cycles: blocking of the pyrite 
oxidation process by PASSIVATION of the pyrite surf ace  

>>>> Difficult to assess the kinetics of 
this phenomenon on the storage site.

pH

TIME

13

Kinetic test  CEN/TR 16363



Procedure with well-controled conditions:  non usually applied
>> a simplified test as an alternative >> variability in the protocol

Possibility of 
various behaviors

among lab results  !

A 30% maximum for the
convention rate

of sulfur into sulfate ?  
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-Test in column 
- Simplified test in mini-cell for 
soil alteration (RH%, T°C non 
controled)



15

Example of kinetic test with mini-cell : 
the determination of conversion rate of sulfur into su lfate 

Cumulated quantities of released sulfates 50 ml of water added each
2/3 days followed by 

pumping and air drying

Stabilization
=  the sulfate release stops

SO4 cumul= 2637 mg/kg

[SO4 ] max able to be released
= 3800 mg/kg

(Mathematical calculation
from sulfur content 

>> 100% conversion)

But ….duration variable until to reach a plateau 
(for SGP > a test in 3 months)

Variation with the soil granulometry and the testing conditions

One month

Conclusion : only 23% of sulfur were converted until the blocking of 
the oxidation process – close or lower than 30 %
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Conclusions : some limits and recommendations in py ritic soil management 

1 - Geological expertise 
 Case-by-case analysis: different management solutions depending on excavated soil geological characteristics,
 Protocol to be carried out only on acid-generating pyrite-rich lithologies, so as to remain proportionate to the 

issues (e.g. SGP identified the high-risk Ypresian formations after kinetic tests). 

2 - Treatment techniques
 Sustainability of clay compaction in face to climate change? (drying and fissuring process) 
 Limestone treatment: a carbonate quality is required, the mixing quality needs to controled, the quantity added 

often higher that NP/AP = 4 (for safety condition), What about the sulfate release after neutralization? 
What about reclaiming excavated material in case of unfavorable results with the French procedure ?

3 - Measurement methods
 Static tests results : a rapid test is now able to give results in 1 day with only one apparatus
 No standard for kinetic test : some variable results between lab 

test conditions considered as the most unfavourable conditions  >> very safe conditions.



Thank you for your attention
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