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KARST : DEFINITION

 A topography formed from the dissolution of soluble rocks such 
as limestone, dolomite, and gypsum,

 Characterized by underground drainage hydrosystems with 
sinkholes and caves.



KARSTOGENESIS

Speleogenesis by 
phantomization 

(ghost rock models)



KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Largest (known) cave : Son Doong, Vietnam (2010)

© GETTY IMAGES



KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Largest (known) cave : Soon Dong, Vietnam

© Vin Pearl



KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Deepest (known) cave : Veryovkina Cave, Abkhazia, 2209 m (2024)

© GETTY IMAGES



KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Deepest (known) cave : Veryovkina Cave, Abkhazia

© P Jakopin© Julia Ferra

2018



KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Strangest cave (1) : Cueva de los cristales, Mexico (2000)

© BBC TWO



KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Strangest cave (2) : Waimoto cave, New Zealand

© Jordan & Jenna
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KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Longest Underwater cave (1) : Sistema Sac Actun, Mexico

© National Geographic



KARST : REMARKABLE HIDDEN ENVIRONMENT

 The Deepest cave diving: F. Swierczynski, Font Estramar, France

© F. Swierczynski

-308m, 3rd November, 2023, 11h



KARST : GROUNDWATER RESERVOIR



GROUNDWATER IN KARST SETTINGS

 With carbonate bedrock forming about 15% of Earth’s ice-free 
surface, more than 25% of the world’s population either lives
on, or obtains its water from, karst aquifers



GLOBAL WATER CRISIS

 Key facts
 Four billion people — almost two thirds of the world’s population — experience

severe water scarcity for at least one month each year.
 Over two billion people live in countries where water supply is inadequate.
 Half of the world’s population could be living in areas facing water scarcity by as 

early as 2025.
 Some 700 million people could be displaced by intense water scarcity by 2030.
 By 2040, roughly 1 in 4 children worldwide will be living in areas of extremely

high water stress.



GLOBAL WATER CRISIS

Eastern Pyrenées, France



WATER AS A WAR WEAPON



TRANSBOUNDARY AQUIFERS AND CONFLICTS



WATER CONFLICTS
Water: Cause or Pretext for 
Conflicts? The Example of the 
Tigris and Euphrates
By Hervé Amiot, Published on 11/28/2013 • Updated on 05/11/2020

The Tigris and Euphrates form the fertile crescent of Mesopotamia,
where Neolithic civilization emerged in the 9th millennium BCE.
Today, however, the waters of these rivers are less associated with
prosperity and more with conflicts. Population growth requires
ever-increasing withdrawals from the two rivers to support the
agricultural and hydroelectric sectors.

The water war between the US 
and Mexico
By Devika Rao, Published on 06/27/2024 • THE WEEK

The U.S. and Mexico are experiencing another border dispute, and this
one is about water. The conflict stems from an 80-year-old treaty
where the countries agreed to share water from the Colorado River
and the Rio Grande. However, because water is in more demand but
scarcer than ever, sharing has not been going to plan.

The Water Wars : India, China and 
the Brahmaputra
By Anya Wahal, Published on December 8, 2022

What the hydrology and geopolitics of the Brahmaputra River mean for 
India-China water relations

The Southeastern Anatolia Project 
(GAP): Between Colossal Economic 
Undertaking and Unprecedented 
Counter-insurgency Tool
By Emile Bouvier, Published on 05/11/2020 • Updated on 05/11/2020 •

Water disputes in the Mekong basin
By Hervé Amiot, Published on 11/28/2013 • Updated on 05/11/2020

The Mekong is south-east Asia's longest river (around 4 900km). From its 
source in Tibet, it flows southwards through the Chinese province of 
Yunnan before passing through five south-east Asian countries (Myanmar, 
Thailand, Laos, Cambodia and Vietnam). Nearly half of the river is in China, 
where it is known as the Lancang. For the 70 million people who live in the 
Mekong basin, the river is a vital source of food and water, as well as an 
important transport route. Increasingly, it is being used to generate 
hydroelectricity. Human activity threatens the river's fauna and flora, and 
competition for natural resources is intensifying.

The Nile: A Driver of Economic 
Development and Geopolitical 
Tensions
By Hervé Amiot, Published on 11/28/2013 • Updated on 05/11/2020

The Nile, a river stretching 6,671 km, drains an immense watershed (an
area formed by the river and its tributaries) covering 2.8 million square
kilometers—five times the size of France—and shared among ten
countries. We have chosen to focus on Egypt, firstly because it is the only
Nile Basin country considered part of the "Middle East," and secondly
because the stakes surrounding the Nile are most significant in Egypt: the
river is simply vital for this country located in an arid zone.

Water and Conflicts in the Jordan 
Basin
By Hervé Amiot Published on 12/12/2013 • Updated on 03/11/2018 • 

While the Jordan Basin is not as large as those of the Tigris-
Euphrates or the Nile, it is nevertheless the site of perhaps more 
frequent and intense conflicts. Originating in Lebanon, the Jordan 
River separates Israel from neighboring Arab states, Syria and 
Jordan.



ROLE OF KARST IN FLASH FLOODS

Quang Ninh, Vietnam, 
27/06/2015

Trèbes, France, 15/10/2018 Valencia, Spain, 30/10/2024Marseille, France, 8/10/2024

Lugo, Italy, 18/05/2023

Montpellier, France,
06/10/2015

Vtemp
Vs Vstock

Natural
overflow

Before the flood At flood’s peak After the flood

Pumping
Station

Karst as a flood control barrier



Pedro Balordi and Guenter Essig, Gourneyras, France, July 2015

KARST : GROUNDWATER RESERVOIR



KARST EXPLORATION : CONSTRAINTS

 Exploration of Confined, Unstructured, Subaquatic Environment
 GPS denied -> Undergound GPS : Dirac System © Syera



KARST EXPLORATION : CONSTRAINTS

 Exploration of Confined, Unstructured, Subaquatic Environment
 No GPS -> Undergound GPS : Dirac System © Syera
 Cable / No cable ?



KARST EXPLORATION : TRADITIONAL / UNCONVENTIONAL TOOLS

 Exploration of Confined, Unstructured, Subaquatic Environment
 No GPS -> Undergound GPS : Dirac System © Syera
 Cable / No cable ?
 Vision or Acoustic ?



KARST EXPLORATION : TRADITIONAL / UNCONVENTIONAL TOOLS

 Exploration of Confined, Unstructured, Subaquatic Environment
 No GPS -> Undergound GPS : Dirac System © Syera
 Cable / No cable ?
 Vision or Acoustic ?
 Environmental disturbances and complexity



KARST EXPLORATION : GLOBAL STRATEGY

 Exploration of Confined, Unstructured, Subaquatic Environment

Vector

Environnement

New sensors
Env. Models



KARST EXPLORATION : THE ROBOTIC CHALLENGES

 Unconventional Sensors
 Acoustic Skin
 Active Umbilical
 Electric Sense
 Acc. Interf. patterns as inv. landmarks

 Navigation
 Global Navigation System / Mag. Pos.
 No distinction btw nav. sensors / payload
 Acoustic / visual SLAM
 Vacancy Evidence Grids
 Clustering and Saliency Data Analysis

 Guidance
 Autonomous Centring
 Autonomous Targeting 
 Env. Models on-line building / exploit°

 Models
 Multi-modality & Scalability
 Uncertainty Consideration

 Control
 Robustness
 Co-control,
 Open-loop stability

 Actuation
 Reactive redundant A.S.
 Variable Geometry A.S.
 Anguilliform Locomotion

 Mission Management
 Management of sensors  (acc. jamming)
 Adaptive Autonomy
 GoP & Interval approach

 Technology
 Active Truncanner, NRJ opt.
 Magnetic Positionning

 Economic
 Evangelization of a Blue Ocean



KARST EXPLORATION : UNCONVENTIONAL SENSORS

 Acoustic Skin



KARST EXPLORATION : UNCONVENTIONAL SENSORS

 Active Umbilical



KARST EXPLORATION : UNCONVENTIONAL SENSORS

 Electric Sense



 Acoustic Interference Paterns as Invariant Landmarks

KARST EXPLORATION : UNCONVENTIONAL SENSORS



 Acoustic Interference Paterns as Invariant Landmarks

KARST EXPLORATION : UNCONVENTIONAL SENSORS



 Acoustic Interference Paterns as Invariant Landmarks -> SLAM

KARST EXPLORATION : UNCONVENTIONAL SENSORS



 Acoustic Interference Paterns as Invariant Landmarks -> SLAM

KARST EXPLORATION : UNCONVENTIONAL SENSORS



 Global Navigation System
 IMU (SBG Ellipse D)
 DVL (Nortek 1000)
 Pressure Sensor (Blue Robotics)

KARST EXPLORATION : NAVIGATION



 Acoustic SLAM
 Vertical / Horizontal Scans Fusion
 Scan Matching (point to point and point to plane)
 Graph SLAM and loop closure detection

KARST EXPLORATION : NAVIGATION



 Acoustic SLAM, with helicoidal constraints

KARST EXPLORATION : NAVIGATION



KARST EXPLORATION : NAVIGATION

 Clustering and Saliency Data Analysis



 Visual Analysis : Centering, Advancement Vector, SLAM, 3D reconstruction

KARST EXPLORATION : GUIDANCE

Depth map

Dense Optical Flow



 Vacancy Evidence Grid

KARST EXPLORATION : GUIDANCE

Rotative Multibeam
sonar for mapping and 
Occupancy Grid Map

f



KARST EXPLORATION : GUIDANCE

 Environmental Model Consideration 



KARST EXPLORATION : CONTROL

 Co-control



KARST EXPLORATION : CONTROL

 Open-Loop Stability



KARST EXPLORATION : CONTROL

 Autonomous Centering & Targeting



 Reactive redundant Allocation System and Variable Actuation Geometry 

KARST EXPLORATION : ACTUATION
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A k-dimensional space to explore 
redundant solutions



 Anguilliform Locomotion & Underwater Swimming Manipulator

KARST EXPLORATION : ACTUATION
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 Management of interfering sensors (Acoustic sensors jamming)

KARST EXPLORATION : MISSION MANAGEMENT



 Adaptive Autonomy / Guarantees of Performance

KARST EXPLORATION : MISSION MANAGEMENT 47
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 (Seeking) for Guarantees of Performance & Interval approach

KARST EXPLORATION : MISSION MANAGEMENT



Guaranteed outer
region

Shadow
Guaranteed inner region

 (Seeking) for Guarantees of Performance & Interval approach

KARST EXPLORATION : MISSION MANAGEMENT



 (Seeking) for Guarantees of Performance & Interval approach

 Global positioning using UGPS

KARST EXPLORATION : MISSION MANAGEMENT

Zone intérieure garantie

Evolution de l’incertitude de positionnement



 (Seeking) for Guarantees of Performance & Interval approach

 Global positioning using UGPS

 Application to hydraulic drilling

KARST EXPLORATION : MISSION MANAGEMENT

Zone intérieure garantie

Evolution de l’incertitude de positionnement



 Cartographie garantie, analyse par intervalles
 Recalage par UG-GPS (ISSKA, localisation magnétique)
 Application au forage hydraulique

THE RKE INITIATIVE : FORCES AT WORK (LIRMM, ENSTA)

Zone intérieure garantie



KARST EXPLORATION : TERRAIN RESULTS

 Ulysse



KARST EXPLORATION : TERRAIN RESULTS

 Ulysse, Gourneyras, France



Doppler Velocity Log
(DVL 1000 @Nortek)

Vertical Profiling Sonar
(SeaKing @Tritech)

Horizontal Profiling Sonar
(Ping 360 @BlueRobotics)

Inertial Measurement Unit
(Ellipse D @SBG)

Single Echosounder
(SA 500 @SubSea)

IHM, Embedded Computer
(Dive Angel @Syera & Reeds)

KARST EXPLORATION : TERRAIN RESULTS

 NavScoot 2



TERRAIN RESULTS: FONTAINE DE NÎMES, 8/03/2023

PLONGEURS
Frank VASSEUR

Mathieu FOULQUIE
Doriane MORATE
Damien VIGNOLE

Denis PAILLO

Eq. TECHNIQUE
Lionel LAPIERRE
Hervé JOURDE
Pierre FISCHER
Benoit ROPARS

Mohammed ALIOUACHE

MAIRIE DE NIMES
Guillaume PLA



TERRAIN RESULTS: FONTAINE DE SAUVE, 24/05/2023

PLONGEURS
Frank VASSEUR

Doriane MORATA
Dominique VIGNOLE

Eq. TECHNIQUE
Benoit ROPARS



TERRAIN RESULTS: SOURCE DU LEZ, 15/03/2023



SOURCES DU LEZ : A SEMINAL CASE STUDY

Sources du Lez 

Q prélèvement > Q source (é age) 
Varia on saisonnière de la piézométrie  

Source du Lez, Simplifyed Topography
Mazzilli, 2011. Original topography by P. Rousset (G.E.P.S. diving group, 1972)
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SOURCES DU LEZ : ACTIVE MANAGEMENT OF GW RESOURCE

Q prélèvement > Q source (é age) 
Varia on saisonnière de la piézométrie  

Source du Lez, Simplifyed Topography
Mazzilli, 2011. Original topography by P. Rousset (G.E.P.S. diving group, 1972)
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Not the case of Source du Lez



TERRAIN RESULTS: SOURCE DU LEZ, 15/03/2023

PLONGEURS
Frank VASSEUR

Mathieu FOULQUIE
Doriane MORATA

Dominique VIGNOLE
Denis PAILLO

Eq. TECHNIQUE
Lionel LAPIERRE
Hervé JOURDE
Benoit ROPARS

Mohammed ALIOUACHE



TERRAIN RESULTS: FONTANILLES, 15/03/2023

PLONGEURS
Frank VASSEUR

Mathieu FOULQUIE
Doriane MORATA

Dominique VIGNOLE
Denis PAILLO

Eq. TECHNIQUE
Benoit ROPARS



A VENIR : PORT MIOU, UN SITE PILOTE



BILL STONE AND THE SUNFISH
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