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Eastern Normandy karstic context
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Eastern Normandy karstic context
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Alluvions récentes (sables et graviers)

Allvions anciennes

Tertiaire supérieur : sables, grés, calcaires, argiles et maNes
Tertiaire (Eocéne inf.) : Argiles, argiles a silex

Crétaceé sup. : craie

Crétacé inf. (Albien) : sables

Jurassique : marnes et calcaires

Failles principales

mercredi 24 juin 2015

Eastern Normandy /N%\

=

Dieppe-__@

_#Fecamp
Yport o
//"Egetat L L6 o= o] &
! o) &
-God‘erville
\ ® Yvetot

a

Le Havre

[ \ (=] éz !
Lo N <
%g‘marﬂeur 4
B - . Rl s ¥Gournay-en-Bray
| KT‘_ @ ;

=\

bl
#

!

Val-de-Reuile| o5 Andelys

N i
Fa
s
i 15
- = {
Kilomeétres : g

% .
/3 o “Werneuil-sur-Avre
L A7
2 ;

>3



Eastern Normandy karstic context

Low density river network : rain water mostly infiltrates and
some catchments don’t have any permanent river

Karst generates natural collapse structures at the ground
surface (locally called « bétoires ») which constitute entrance
points for rain and surface water into the chalk aquifer system

During intense rainfall episodes, sinkholes represent
preferential transport vectors for suspended solids (SS) coming
from erosion processes, as well as for pollutants including
those issued from plant healthcare products, such as fertilizers
and pesticides

Sinkholes are also sometimes, either deliberately or
accidentally, outlet points for drained agricultural land, road
wastewater networks and wastewater treatment plants

Karst conduits connected to the sinkholes, rapidly transfer
particles and pollutants to the chalk aquifer system and
thereby to the well fields used for drinking water purpose.

100% of drinking water comes from groundwater




REPARTITION SCHEMATIQUE DES FORMATIONS SUPERFICIELLES DANS LEUR CADRE GEOMORPHOLOGIQUE

Marniére
L

— T : == r—— — =ik ¥ conduits karstiques
: ¥ e fossiles ou actifs

LPy: Leess CFz-FCz: Colluvions-alluvions des vallées séches

Fz: Alluvions fines holocénes 8-R8/C4-5 : Formation & silex solifluée sur craje senonnienne
Fy : Alluvions grossiéres weichseliennes B-LPS : Limon & silex

Fx : Alluviens anciennes péniglaciaires pléistocénes RS : Formation résiduelle & silex

Re ou Rg2 : Sables cénozoigues en poches résiduelles

Typical cross-section of Chalk and upper formations in Eastern Normandy
(QUESNEL F., 1997)



Eastern Normandy karstic context

, Eivy
Different sinkhole morphologies can be observed in the landscape :
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Eastern Normandy karstic context

Sometimes with strange use !!!
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Sinkholes and the stakeholders..

e

This karst context forces many watershed stakeholders to act on
« betoires » (sinkholes):

e Some tend to clog out or mud off sinkholes :

= Authorities in charge of road
maintenance to prevent road from
collapsing

| : * Communities in charge of
Sinkhole: ' o drinking water resources

UnderaRoad . °

management, to prevent
groundwater from being polluted

" Communities in charge of
wastewater treatment when a
: sinkholes appear in the bottom of
appeared - treated wastewater infiltration
in‘an infiltration ponds

pond : -

" Farmers when sinkholes appear
in the middle of their fields




Sinkholes and the stakeholders..

e

This karst context forces many watershed stakeholders to act on
« betoires » (sinkholes):

 Some act to keep the sinkholes infiltration capacity :

Haie en limite de parcelle

Débit de fuite (canalisation
régulant le débit de sortie)

"|Inhabitants of villages or
communities facing flooding
threats

i mauthorities in charge of flooding
problems

sAuthorities and communities in
charge of water resources
management to ensure recharge
capacity and enhance run off water
quality (use of : hedge, fascine,
grass strips,...)

o gL L

(source : SMBV Pointe de cglg)



Sinkholes and the stakeholders...

But sometimes acting on sinkholes can have negative impacts
downstream and lead to « messy » situations. For example :

> Clogging out or mudding off sinkhole often increases run off and tends
to enhance flooding downstream (many examples of litigation)

> Using sinkhole as an effluent outlet point (fields or road run off,
drained agricultural land outlet) often impacts drinking water quality
downstream

Up to recent times, stakeholders tended to solve individual problems
without having an overall vision of the sinkhole role in the whole
hydrosystem (geotechnical risk, sanitary risk, flooding risk, reducing
recharge,...)

- 1U



Sinkholes and the stakeholders. .

o

* Many organisms (communities, local authorities, etc.) carry out field
investigations : sinkholes census, tracer tests, sinkholes impact on groundwater

quality,...

* Surveys results are dispersed and not easily available for management purpose




A regional karst date base

Purpose : to centralize in a common tool the knowledge of karst

characteristics and transfer processes in order to improve the management
and protection of groundwater resources

A regional data base has been developed by BRGM and includes information
about : (1) exokarst (sinkholes) characteristic and location, (2) karstic springs
and (3) karst conduit connections highlighted by tracer tests

Data base, development and initialization : from 2008 to 2012, a 4-year
program of intensive work of consulting historical archives and carrying out
field investigations;

Project financially supported by Seine-Normandie Water Agency, the three
Eastern-Normandy Councils and BRGM

Seine Maritime
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A few numbers...

At the end of 2012, introduced in the data base :

> 1170 reports (7830 historical reports reviewed),

> 14921 sinkholes (around 9000 sinkholes and 6000 sinkhole index)

> 2049 springs

> 2425 karst connections tested by tracer tests (670 injection processes)
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Participatory tool

m

Designed, developed and initialized by BRGM from 2008 to 2012

Now taken forward in a participatory way involving all watershed stakeholders,
including agricultural organizations and civil society

VvV V

> A participatory tool has been developed for that purpose, including 2 Websites
interfaces :

> A first one trough which data can be introduced into the data base

> A second one, from which data can be retrieved in different ways (GIS
format, files with various format, ...) free of charge

DATA OUTPUT
DATA INPUT @

(0 racl e) SIGES Seine-Normandie

Accwell _Terriioire _ Gaotogie _ Hydrogiologla  Guantits  Qualite  Vulndrabllié  Usage/pressions

Sinkholes
Tracer tests

Springs

https://tracages.brgm.fr/ K_/ ' http://sigessn.brgm fr




Participatory tool

> The input Data WEB site interface (secured access)

Identification

9
-

Déconnaxion faY | iderite: ehf!m Etape 1: Visualisation d'un point

Localisation

Date d'observation
01/07/2006
01/01/2007
01/01/2007
01/01/2009
28/04/2010

o
Identifiart ' py.davidebrgm.fr

N e [<

aaractéristiques dela bétoire.

Déconnexion A dentis: David 6hr—l‘i_
Caracteristiques > Betoire n°B8146 Masses d'sau - Entités hydrogeol Bibliographie
Caractéristique de la perte Hydrogéologie Environnement du site
Alignement de bétoires: | oui o =
Diamétre (m): 10 Profondeur (m): |2 r
Betoireaménagée: | Quj
. dans les réqles de 'art: é artisanaux":
[] Colmatage étanche (argiles compactées,...) [[] Comblement tout venant (matériaux inertes)
[¥] Comblement par massiF autob [] e lise en decharge sauvage
(blocage suffosion sans filtration) [ Relets d'efluents (eaus pluviales,

|| Transfarmation en puits d'injection usées, de drainage...)

|| Comblement par massif filtrant calibré || Transformation en puisard (rechemisage)

] Dérivation pattielle des flux [ Autres

Information : Les caractéristiques d'une
bétoire sont associées a une date. Ajoutez
une date d'abservation puis saisissezles

{merlon avec débit de fuite)
[] Dérivation totale des flux (merlon, rous,...}

{en amont de la bétoire : |

| Hydraulique douce (prairie enherbée,
bois billoné, fascines,.)

[] Hydrauliuederétention
(bassin de decantation, prairie inondable,.)

- Type: | indéterming ~ s

poi i dificati Retour | | Invalider le point

> It allows watershed stakeholders to store, update and share data about :

® Sinkhole characteristics : more than 20 sets of criteria describe sinkholes such as
geometry, down flow variation over time, impluvium, geomorphology context, chalk

stratigraphy, water quality,...)

® Sinkhole management (clogging out, conversion into infiltration well, watershed

management,... )
® Tracer tests results
In addition, photos and reports can be uploaded




Participatory tool

Fiche
The output data WEBsite allows to : Bétoire

Identifiant : B3147 P

> consult on-line data T
> download data on GIS or CSV format, free
of charge

sy

e - CogsELE

3 Lo (1w - 433000 ¥ Lamow e ETMTLGN
X Lot 53 - S04 T = Larow - EEEL
20

Seenta s o e R

o [ —
Espace cartographigue Consultat

SIGES Seine-Normandie

i Recher
Systéme dinformation pour |3 gestion des eaux souterraines en Seine-Normandie

TET- Cram e s e ety
S e Fun e e i o)

cueil  Territoire ydrogéologie  Quantité  Qualité  Vulnérabi

‘S - DTS O A SRS

T s e S

Aide 3 |'utilisation ) " ; ~Siidentifier S'enregistrer
e , ~ S AL

g = R i ST
TemerEEn e cis Do, mj mi Auttrcmbin Texhropscn o
Ehly. I e
o || eeestens By
oA g s
e 2 2 o timunn
e
S
=
s | e b . TS [ o e |
oAy
= F
Fonctueie U
sz - rioe cevnses |
S R R e R
e | e e

-
.
TELT
e e R
e e
o 3 R
- i 2 e
S Ty e S e e [~ Foe e |
. ey e o Ay ey U

=% M W ECEDSME D RS Uz ESSELLEWEND DD
THOAIN s VAR

. Lambert 93

6966669.42

Y




Participatory tool

Fiche
Betoire g

inkhole data sheet

Identifiant : BE147 o=

3. Tracages réalisés sur la bétoire

ID Tragage Date Injection D Point de suivi Résultat Vitesse 1ére arrivée Fiabilté Résuftat (-1 4 10)
5733 Négatif - 9
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= R EE

4. Sources d'information
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PHASE 1
MAI 2007
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Participatory tool

Fiche
Tracage Tracer test data sheet

Identifiant : T354 =
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Participatory tool

This participatory tool also includes :

> A guide for « bétoire » (sinkholes) management including :

State of the art on current practices WRT sinkhole management +
classification of the sinkhole managements + critical assessment
Elaboration of « good practice » guide for sinkhole management
according to 2 criteria :

1. identified risk for on site and downstream « at stake structures »
(sanitary, hydraulic works, geotechnical, flood, recharge
deficiency...)

2. Physical and geological setting

Recommendation concerning administrative aspects (water legislation
dossier content, investigation fields to be carried out before acting on
sinkholes....)

report on-line : _http://sigessn.brgm.fr/IMG/pdf/rp-58795-fr.odf

> Training cessions for catchment stakeholders to help them to deal
with sinkhole management

B Ametms sttewgioentiy [ coopon s

[ Rl
s corapacile

s Coba il aScoedriaar”

Olepils

Schéma type du colmatage de la bétoire

Aménagement des bétoires en
Haute-Normandie — Etat de I'art et
préconisations de bonnes
pratiques

Rapport final

BRGM/RP-58795-FR
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IMPERMEABLE INFILTRATING

N e T

Clogging Diverting Filling up with Conversion
out the runoff away from | | permeable (non into infiltration
sinkhole the sinkhole filtrating) well
material

Filling up with Diverting
filtrating runoff partially
materials and controlling

infiltration flow




Participatory tool

This participatory tool also includes :

> A tracer test declaration form centralized by the regional

environment authority (DREAL)

> 3 purposes :

1. to inform authorities in charge of drinking water supply and
other actors of the basins

oute e

fi

2. to register tracing test activities and avoid interferences
between 2 tests

3. to control the kind of tracer that are being used (to avoid the

use of ecotoxic tracers)

>21




Example of use (1)

g _ 5
> This participatory tool allows for better management and protection of the chalk
aquifer system and prevents it from quality degradation (turbidity, nitrates,
pesticides, ...) :

> Sinkholes connected to the drinking water wells are better known

> Drinking water supply organisms benefit from improve active water resources
management (specific watershed and sinkhole management : herb strips,
fascines, dams, infiltration...)

> Water abstraction benefits from optimally designed protection zone
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Example of use (2)

> Improved definition of groundwater vulnerability : both karstic and matricial
(elaborated with the consolidated data from the participatory tool)
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A better understanding of exokarst spatial

distribution

In addition with helping in karst problem management, it also greatly enhances
understanding of the effects of recharge, lithology and geological structures on karst
developments in the chalk aquifer system

> As part of the development of this data base, BRGM co-funded and co-directed a
thesis carried out by Sanae El Janyani (Rouen University) from 2009 to 2012. The
Young Karst Researcher Prize 2012 were awarded to her for this work

> Thesis on line : https://tel.archives-ouvertes.fr/tel-00920267/document

S. El Janyani. Incidence des bétoires et de la karstogéneése des plateaux crayeux de la Haute-Normandie sur
le fonctionnement hydrologique de I'aquifere de la craie Modélisation hydrogéologique des influences
climatiques a différentes échelles spatio-temporelles.. Continental interfaces, environment. Université de
Rouen, 2013. French

> 24




A better understanding of exokarst spatial
distribution

> The surface of the chalk plateaus in the western Paris Basin is covered with

Quaternary loesses and clay-with-flints

> Preliminary results show correlation between thickness of surface layers and

sinkholes density

Classes depasseur [Nombre de| Densites de.
des formations. bitoires
betores
[0-55 4 20585 019
[5.5- 145 72 1285 68 134
[145-23.5] 27 1980.53 418
35 55073 275
12 04s
¥us — yeo ]
0
- VR
o i“*
020
804 $os
02 ot
005
0 000
ciosse 1[0-85] clmse2[SS-  gasse ssse coss casse2[S5 - cisse lasse
“ws "y 2z
I
N »

Figure 27 : Résultats des densités de bétoires selon I'épaisseur des formations superficiclles a) en Seine-
Maritime, b) dans I'Eure

Seidel and David, 2010

El Janyani, 2012

> Very few sinkholes in chalk covered by thin surface
layers (<5m)
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A better understanding of exokarst spatial
distribution

> Spatial modelling was also carried out based on the topographic index of Beven and Kirkby, « IBK »
(also known as TWI). This index was developed by Beven and Kirkby (1979) based on the
TOPMODEL runoff model

> The application of this index to the digital elevation model (DEM) produced a map of the potential
wetland sectors. Results were compared with the location of the sinkholes

> Sinkholes are mainly located in the theoretical wet areas (thalweg on plateaus, dry valleys)
(drainage system)

lllustration of the Cailly river watershed,

But this characteristic has been observed in all
Upper Normandy watersheds, except in the areas
affected by the presence of Tertiary deposits and
by the absence of the clay-with-flints layer

i S. El janyani
et al. 2014
and 2012

IBK
High:5
Low:1

L km ¢ Sinkhole

Fig. 4 Validated sinkholes located on the spatial modelling map of the topographic wetness index (/8K) of the
index value indicates a high probability of wetlands present on the site
> 26



A better understanding of exokarst spatial

distribution

> Other correlation are being studied by BRGM (ex : sinkhole density vs. chalk
stratigraphy, sinkhole density vs. geological structures,...
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