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Three polluted sites
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Three polluted sites

2 k
m

320m Same origin

Nearby sites

Different phases of pollutants

Variable geology

Different matrixes

Need of wide range of remediation 
solutions



Geological overview



Geological overview

SardasInquinosa

Bailín

24 Alluvial plain deposits

21, 22, 23 Poligenic gravels and sands. Low, médium, high terraces

20 Poligenic gravels and sands. (highest terraces)

19 Alluvium - colluvium

9 Red silstones and conglomerates

3 Grey marls(Fm. Margas Larrés)

8 Massive conglomerates (Sta. Orosia)



Sites geology

Upper Sardas

Lower Sardas

Inquinosa

Flysh

Larrés Marls

Pamplona Marls

Sabiñánigo sandstones

Bailín facies

River Gállego

Terrace dep.

Aluvial 
(sand-gravel)

Alluvial plain deposits

Aluvial (silts)

Aluvial 
(sand-gravel)

Fluvio-glacial dep.



Inquinosa factory

Marls

Weathered marls

Sandy gravels

Clayey lenses

Fluvio glacial 
dep. (boulders)

GWL

Buildings



Gallego reservoir

Treatment facilities

Landfill

Landfill / anthropic fill

Weathered marls

Sardas landfill

Marls

Silts Sandy gravels

Colluvium

GWL

GWL



Bailin old landfill

Sandstones and conglomerates

Siltstones

River Gállego

Bailín ravine

800m

Runoff w. pools

Treatment facilities

Bailín safety cell
(waste transferred 

from old to new 
landfill in 2014)

GW
F



Matrixes variability

Free DNAPL

Non pumpable / Residual DNAPL

Dissolved HCH - Groundwater

Dissolved HCH – leachates / sludges Adsorbed HCH - rock / soil vadose zone

Granular / adsorbed HCH – sediments / debris

Solid HCH – Pure waste



Remediation (train of technologies)
Pollutant

concentration
Phase Site Matrix Geology Technology
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Solid HCH Bailin-Sardas Pure waste Anthropic fill
Phase 1: isolation
Phase 2: elimination.
Cost-effective technology ?

Free DNAPL
Bailin Saturated rock Sandstones – fractured aquifer

Pump & Treat
Sardas

Saturated 
antropic fill

Landfill 

Residual 
DNAPL

Bailin Rock Sandstones – fractured aquifer SEAR    ,     S-ISCO

Sardas
Soil

Silts SEAR    ,     Electrorremediation

Sands-gravels SEAR    ,     S-ISCO

Saturated 
anthropic fill

Landfill, road embankment Pump & treat    ,     SEAR

Dissolved HCH

Sardas Sludges Storm pool sediments Electrorremediation   ,    bioremediation

All sites Leachates Pumped water Alkaline hydrolysis  ,   activated carbon

Bailin Groundwater Sandstones – fractured aquifer
ISCO   ,    areation   ,    bioremediation

Sardas Groundwater Detrital aquifer

Absorbed HCH All sites Vadose zone Variable geology Infiltration + bio-phytoremediation ?

Granular HCH
Soil Sediments Bio-phytoremediation (technosoils)
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