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General Framework

= Groundwater is used for a variety of purposes : drinking
water supply, domestic use, farming, industrial
processes, etc.

= Groundwater exploration, exploitation and monitoring
(water conservation) generates huge amount of data.

= Accurate and reliable information about groundwater
resources (including quantity and quality) is critical for
supporting planning and decision-making processes.

= Need to focus on efficient data management, reliable
analysis and effective tools for dissemination of data.
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General Framework

= Groundwater management strategy and policy must be
based on :

knowledge of the past and present behaviour of
the groundwater system,

the expected responses to future changes (e.g.
to climate change),

the assessment and the understanding of the
uncertainties in those responses

= Over last decades groundwater models and NITCs
have proven to be useful tools for efficiently addressing
such issues, supporting the decision-making process
and promoting alternative management approaches
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Groundwater modelling - overview

= A groundwater model is any computational method that
represents an approximation of a natural (groundwater)
system (Anderson and Woessner 1992, modified)

= As such, groundwater models are, by definition, a
simplified representation of a complex reality

= Groundwater modelling can be applied to investigate
and/or solve a broad range of groundwater problems.
Two types models are classically implemented :

Groundwater flow model (simulate the water
levels and flow process)

Solute transport model (simulate the migration
of solutes or heat)
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Groundwater modelling - overview

= A groundwater model study is a multistep process :
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First stage consists of compiling all relevant
geological and hydrogeological data related to the
groundwater basin to be modeled. This information
IS used to design a conceptual model of the

basin Brig

- Aquifer
n Aquitard

=
=5
4 Lo

Upper Aquiter

Conceptual model of the Visp basin
Lower Aquiler (modified from Kimmeier, 2001)
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Groundwater modelling - overview

= A groundwater model study is a multistep process :

Next phase consists In implementing the
numerical model. This model Is used 1) to
Integrate the set of geological and hydrogeological
data, 1) to test hypothesis made in the conceptual

model.
Simulated hydraulic heads in the

Visp basin (Kimmeier, 2001)
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Groundwater modelling - overview

Conceptualisation and implementation of a model requires
a set of quantitative data that fall in two categories (not
exhaustive):

Physical framework : Hydrological model input:

= Topography = Water table elevation

= Landuse = Recharge areas (type and

g Geo|ogy extent)

= Types of aquifers = Rate of recharge

= Agquifers thickness and = Dischagre areas (type and
lateral extent extent)

= Aquifer boundaries - Rate of discharge

= \Water courses = Boundary conditions

(modified from Kumar, 2015) = Surface water (H’ Q)
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Groundwater modelling - overview

= Success of any modelling study is strongly depending
upon :

the location and availability of the required data

the spatial distribution, richness and validity of
the data

= Collection, organization, analysis and data checking
(QA) stages form an integral part of the modelling
process
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Cantonal tools to manage and collect data
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Cantonal data repositories
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Tools to manage and collect data

Groundwater Monitoring
Quantitative Data
(quantES module)

Groundwater Monitoring
Qualitative Data
(qualES module)

Register of springs and wells
(cadAEP module)

Groundwater protection
springs and wells
(protES module)
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Tools to manage and collect data
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Surface water Monitoring
Quantitative Data (H, Q)
(OFEV, VS)

Meteorological Data
Observation Data (P, T, show)
(Meteosuisse, WSL-SLF)
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Tools to manage and collect data
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Meteorological Data
Raster Data (P, T)
(Observation and forecast products)

MODIS Data
Raster Data (Snow cover area)
(NASA)
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Tools to manage and collect data
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Tools to manage and collect data

SODA : Simultaneous Online Acquisition Data

= Platform for data acquisition (push and pull
mode) using multiple communication channels
(GSM, UMTS, GPRS, Internet, radio, satellite,
etc.) and supporting data loggers from different
manufacturers.

= Allround solution for data acquisition, raw data
storage and data dissemination In various
formats.

= Project initiated by Canton Valais late 2015

= Platform implemented during year 2016-2017
and currently in final testing phase
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Tools to manage and collect data

SODA
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Data
sources

Météosuisse

OFEV-Hyidrologie

WSL-SLF (IMIS) HYDRO-VS (SW/GW)  Guardaval (TI)
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Data
repositories
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GW model construction: example of data integration

Spatial distribution of the 5610 boreholes ~ < =
registered in the GEOCADAST database ‘ R

® Geotechnics
® Geothermics
@® Hydrogeology
® Polluted site
® Minerals

U
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GW model construction: example of data integration
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GW model construction: example of data integration
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GW model construction: example of data integration

Q Digital encoding of geological information

Lithological units - According to Clavien (1986)

Code Description USCS Classification**

BaF Backfill (artificial) N/A

FloD Flood deposits SM, ML, SP, SW, SM-SC, CL, OL, SC-OL
FluvD Fluvial deposits GW, GP, GM, GC, GM-ML, SC, SP, SM
SwaD Swampy deposits SM, ML, SM-ML, OL, CL, SC, GM

GlaD Glacial deposits GM-ML

Pals Paleosol N/A

BR Bedrock N/A

Description du LITHO-K Code

Attributs Valeurs
Position 1 2 3 4 5 6 7 8 9 10 11 12
Litho_CD Z1 3] - -1 - -1 - - - | - -1 -

Litho_DSC Sable modérément fin
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GW model construction: example of data integration

Q Digital encoding of geological information

Code LITHO_UNIT

BaF

FloD
FluD

SwabD

FluD

SwabD

FluD

FluD



GW model construction: example of data integration

Q Digital encoding of geological information

Code LITHO-k
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GW model construction: example of data integration

@ Digital encoding of hydrogeological information

Geohydrological units
1) According to Kimmeier (2001)

Code Litho-unit Comment
[ [ coiessoo moen| 7 |7 | [ Upsil Upper silts Kimmeier (2001) proposed a a groundwater flow model for
‘ the Visp region. For this research work, the Visp aquifer was
UpGrav Upper gravels interpreted as a multilayered aquifer. Four geohydrological
IntSil Intermediate silts  units was identified : The Upper and the Lower aquifers
| ;_' S P | | LoGrav Lower gravels covered by the Upper and the Intermediate silts sequences

Geohydrological units

2) Modified from REGIS
Code Description
FGW Water-bearing subsurface layer (free groundwatwater)
DKL Low permeable subsurface layer (cover of aconfined or semi-confined aquifer)
WBL Water-bearing layer
; SDL Low permable layer
| T | | BAS Base of the geohydrological model: base of the porous aguifer
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GW model construction: example of data integration

@ Digital encoding of hydrogeological information
Geohydrological units @

1) According to Kimmeier (2001)
Code Litho-unit Comment

UpSil Uppersilts Kimmeier (2001) proposed a a groundwater flow model for
‘ the Visp region. For this research work, the Visp aquifer was
i ' ¢ | § UpGrav Uppergravels interpreted as a multilayered aquifer. Four geohydrological

L R IntSil Intermediate silts  units was identified : The Upper and the Lower aquifers
= L LoGrav Lower gravels covered by the Upperand the Intermediate silts sequences
. Brig

- Aquifer
- Aquitard

Upper Aquifer
Lower Aquifer

c_':sell:} V7 Conceptual model of the Visp aquifer (modified from Kimmeier, 2001). 24



GW model construction: example of data integration

@ Digital encoding of hydrogeological information

nasnod]

NIPU0I0NY

Viers SODMeU phus Grossers

am m
gz g2 =
& =7 3
g3 g3 3 Code HYDRO UNIT
83 83 H —
%8 %3 ]
XXX
DKL
v T, = .
e ] 8 |8 : WBL
o 4
I_-. = ':
Q 3
2 |8 : SDL
Qa =
(] 5 =
2 ]
300 us/Cm = b
Ao L 3 WBL
u_r f
= =
z 8 |3 SDL
= 3
= 3
! =]
& 350 us/Cm w 5
= 10.1°C =
= 3 &
= -
2 B0 uS/Cm g
5 11.0°C 5
b4 —
3
7 )
[ =
g g
5 WBL
. ]
50 us/Cm g —
11.59C o o
S
& &
g |3
580 us/C ) &
9.2°C 8 =
] ':
i 3
20 4t
18.0
WBL

25



GW model construction: example of data integration

Result of digital encoding of boreholes information

£
b4 l‘ 4

A © A e

BOREHOLEID  LAYER_THICKNESS LITHO_UNIT CD HYDRO_UNIT_CD LITHOK_CD K[m/d]  K([m/s]
15240 2.00 BaF XXX - 19999 9999
15240 10.00 FloD DKL L33 0.01  1.16£-07
15240 4.00 FluvD WBL G-3 102 1.186-03
15240 10.00 Swab SL L--33 001  1.16E-07
15240 8.00 FluvD WBL P - 102 1.186-03
15240 8.00 SwaD SOL L33 001  1.16£-07
15240 54.00 FluvD WBL o S 102 1.186-03
15240 6.00 FluvD WBL G7-3-——2 9999 9999
CE%F/]// 26



GW model construction: example of data integration

Result of digital encoding of boreholes information

Remblais © Deltares 2015
Dépdts d'inondation
Dépdts fluviatiles
m Dépots marécageux
Dépdts glaciaires
Paléosols
Substratum rocheu

m Aquifére libre © Deltares 2015
Aquifere confiné

m Aquitard supérieur
Aquitard inférieur

m Substratum rocheux
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GW model construction: example of data integration
Result of digital encoding of boreholes information

Flood Deposits
Fluvial Deposits
1 Swampy Deposits

B BackFill

M Torrent Deposits
M Glacial Deposits
M Bed Rock

S
e

2
SOW

\'5
:3‘\\.“\.

b)
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GW model construction: example of data integration

Result of digital encoding of boreholes information

M Free Ground Water
M Base of the porous aquifer
I Low Permeable Subsurface Layer
B Low Permeable Layer
Water Bearing Layer

creal
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Cantonal tools for decision-making

= Mid 90’s — early 20’s = collect and formatting of
historical data

= Early 20’s — mid 20’s = Implementation of REGIS
DB for groundwater data archiving and managing

= Mid 20’s - focus to data dissemination

= Mid 2010s = focus to data valorization

creal
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QuantES Monitor
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Tools for decision-making : QualES Monitor

= 2015: Design and implementation of the data

model for handling groundwater qualitative data
(campaigns, samples, analyses, parameters, MTC
limits, analytic methods, etc.) in REGIS DB

2015-2016: compiling and formatting of historical
data for loading in REGIS DB

2017. Implementation of prototype of qualES
monitor web-based application



Tools for decision-making : QualES Monitor

qualES Monitor (v 1.0) =
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3 Leaflet| ® OpenStreetMap contributors, CC-BY-SA

Londscha,
Binnt
-4 7 1

contributors, CC-BY-SA

Sélection Réseaux =

Choix réseaux

SPE-QUALES w
Caractéristique Réseau =

Numero 3

Nom (court) SPE-QUALES

Nom (long) Observation cantonale de la qualité

des eaux souterraines

Module QUALES

STRATES-VS

Type SIGES QUALES

Type MGDM CANTON

(ind.

133,134)

Description Le réseau cantonal d'observation a

(FR) pour objectif d'analyser et d'étudier
I'évolution de la qualité des eaux
souterraines sur le territoire
cantonal. Il comprend une
cinquantaine de stations de mesures
réparties le long de la vallée du
Rhéne.

Mise en 2014-11-18

service

Mise hors 2999-12-31

service

Lien
/[fr/connaissances-generales/eaux-
souterraines.html

Remarques
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http://127.0.0.1:4933/
qualES Monitor (v

Campagne

Anal:

crealp
I

or decision-making : QualES Monitor

strasse
enner
B

Ausserberg

Libellé Valeur

ID REGIS 631128-10.1207
Point d'eau Lm2

X (MNO3) 631965

Y (MNO3) 128115
Nom gestionnaire CREALP

Début des observations  1977-08-23
Fin des observations 2015-04-15

Slrchnerstias™™

rieder,

O 4
\,\\\j

s
wdusmeggﬁ{i\

\bogzm

Leaflet| ® OpenStreetitap contributors, CC-BY-SA

Sélection Campagnes

Gestionnaire

SPE-DUS .S

But

Surveillance générale (réseau cantonal) v

Pédiode :

06/2000 au 11/2016

Valider choix

Campagnes retenues

5

campagnes ont été retenues

SPE-11-2014 :

48

points sont répertoriés dans cette campagne
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Tools for decision-making : QualES Monitor

qualES Monitor (v 1.0)
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I

+ A ! \
- Y 0 L = v
e i, 1 i Z, ] ]
T - rmnn® . Feschel [ !
A : v '3 i 2 E TR Engersch
T & I & Thels= Guttet
f ' 5 . by ¢ + i /' Erschmatt |
s ] v | i Yaren_._Eo ek Vile
3 \ L =1
r F‘B'T?'Ma’fr.'s Randogne Migge { Salgesch 7 o
- 5 Crans 2+ Venthone /J
A - : i :
: Montana-Village PET .! o
i ¢ i Sier!
ccanel Chermignon €
I i >
Saint Romain. & & Chermignon- o -
a Lens. d'en-Bas Nogé Chippis
i - -
T Laplace : ai Ollon Ny X
‘et Flanthey. % Miouc ",
7 o = Chala"s\ : b
i \
Grimisuat Réchy.
/,/}/ Ganges \le reorin 2101 - i
saint-Léonard . cr: i ]
=ity Gréne t Rt gy ' /
s _ > ! \ ! B use
/ - o 77 Dailler 74 N / “, OBS
" '\ ) - y N\ / 4 VA
) 0 y i 4 1 ” . /, r B rvD
Bz st ¢ 0 \ v X Lad ]
s o 4 Y 1 B 2 L _ Leaflet| ® Opensirestitap contributors, CC-BY-5A
Campagne n® 146
Show 6 - entries Search:
Station X Y Date Valeur Limite de qualité Au Unité
Lm4d 603294 123653 2016-11-21 OBS pg/l
RN38 595725.39 119531.67 2016-11-22 USE pg/l
LHG 6552 - Muraz, Pl 561015 125658  2016-11-22 = USE pg/l
Lmgb 574235 108034  2016-11-20 USE pg/l
MAR2 574218 106677  2016-11-20 USE pgfl
P24 611011.45 127381.67  2016-11-27 USE pg/l
1 | 2 3 4 5 10 MNext

Showing 1 to 6 of 55 entries

Sélection Paramétre

Paramétres analysés ( 153 )

1_4_Dioxane -

Sélection campagnes

Campagnes 1_4_Dioxane (20 )

8 a
Nom de la campagne SPE-11-2016
Autorité responsable SPE-DUS
Début de la campagne  2016-11-21
Fin de la campagne 2016-11-30

Chronique des observations Statistiques

Seuil

Evolution en 1_4_Dioxane au point :
P67

g/l

Valeur:

2015 2016 2017

Temps
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Tools for decision-making : STRATES-VS

StrATES-VS: Surveillance en temps réel et Acquisitions de la Terre et des Eaux
Souterraines en Valais

—>Cantonal Geohydrological Infomation system €

PLATE-FORME HYDROGEOLOGIQUE CANTONALE :
STRATES - VS

quantES : Réseaux de surveillance quantitative des eaux souterraines
qualES : Programme de surveillance qualitative des eaux souterraines
cadAEP : Cadastre cantonal des sources et captages
protES : Mesures d'organisation du territoire relatives aux eaux
cadFOR : Cadastre géologique cantonal (forages)
tracES : Données relatives aux essais de tragage

.........

crealp
I
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Tools for decision-making : STRATES-VS

The future platform STRATES-VS is Iintented to support
pratictionners as well as cantonal authorities (water
manager, decision-makers, etc.) by offering :

crealp

On-line centralized access to groundwater and
subsurface information (quantitative and qualitative
observation data, boreholes data, monitoring networks,
etc.)

Decision support tools (e.g. maps, indicators, etc.)

Web-based, data analytics workbench to explore,
visualize, and analyze data and possibly, deliver
consolidated answers to future changes (e.g. to climate
change)

S
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Tools for decision-making : STRATES-VS
/ Oracle server \

{ BD REGIS } ......... . : mesures quantitatives |
E — Réseaux & Mesures & mesures qualitatives
E — Sources & Captages

A4
module TRACES | Forages ‘ . graphiques
STRATES-VS . spatiales

— Essais de tracage ‘ . tabulaires

/ MySQL server \ A '— Données METEO \

Données

s - . .
BD GEOCADAST | 1If 11T L oot |
\ | E .
r - : )
BD MINERVE . ‘{E‘
\. y . .
\ / . . 4 Puits Données
. GEOCADAST-VS | . grap_hiques
( \ . 4{ Sondes géothermiques verticales .spatllalles
PostGIS server : ‘ tabulaires
: ete
[ BD MAYA } | , _
N J
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