Water Resources
Engineering and
Management

(CIVIL-466, AY. 2024-2025)
5 ETCS, Master course

Prof. P. Perona Lecture 2-3: Water resources: Catchment
Platform of hydraulic constructions BRICYE e c o FEELELET o
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PLATEFORME DE CONSTRUCTIONS HYDRAULIQUES
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e Agricultural use
* Residential use
* Industrial use

* Drainage

* Soil processes

* Etc.
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Storage capacity 20 km3
3.7 km3/a renewal rate

Source: FOEN
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Consolidated, karstified aquifers

Storage 120 km3
3.8 km3/a renewal rate
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AchH
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Unconsolidated porous aquifers

Storage 10 km3
10.6 km3/a renewal rate
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Precipitation
60 km3/year

Groundwater volume compared to other resources

Groundwater

—

- v

Sustainable
groundwater resource
18 km3/year

Lakes

Groundwater
extracted
1.3 km3/year

/,/
Reservoirs ﬁ rFa Pl .//

Glaciers

Groundwater is usually of drinking water quality!
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83% of the drinking water
in Switzerland is from groundwater —

39% from pumping wells and
44% from spring catchments

L ~25% of the drinking water is bank filtrate
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Darcy’s Law
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2D potential well
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Factors affecting k

* Density and viscosity of soil water (in turn affected by temperature)
* Turbulence of flow if any (e.g. in karst aquifers with large fissures)
* Soil porosity

* Shape and arrangement of soil particles (and hence origin and stress
history due to erosion, construction etc)

* Degree of saturation
* Thickness of layers of water adsorbed to surface of particles

* Permeability to soil relationship status!




Example 1: unconfined aquifer (phreatic)
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Example 2: confined aquifer (artesian)

Top 5 m impermeable
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Legal hasis of groundwater management

Swiss Federal Water Protection Act (WPA 1991) and amendments

~
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Protection of quantity About 100
Goal: No appreciable change in groundwater levels and springflows stations
Means: Licensing of concessions, monitoring of pumping, fees...

Protection of quality
Goal: Drinking water quality

Type of monitoring station Type of monitoring station Monitoring station operator
(6] Basic B Federal government

Means: Protection zones, enforcement of standards, rules on Ry 0 s B e v
About 60

O Spring

handling of hazardous substances...
federal stations

Karstique / Fissuré
Type Roches

Requirement for monitoring of both quantity daquifire | meubles
and quality
Goal: Prewarning, guiding of management,

faiblement fortement
hétérogéne hétérogéne

ection

2 g_ S§2 §
.r . . . 53 s2 s2 3
verification of efficiency of measures taken g? = g
Means: observations networks, e.g. NAQUA... £ | s s -~ ’
E‘”,T,‘i
Grundwasserieitertyp @  Gras- & Viehwirtschaft . . .
Gt . e h Licensing and fees for permits (temporary) and
Kiuft-Grundwasserleiter B  Unproduktive Gebiete .
B i concenssions (long-term: 10 to 80 years)
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Legal base of groundwater management

Swiss Federal Water Protection Act (WPA 191) and amendments

S2 10-day zone, protection against bacteria
S3 twice as large as S2, warning perimeter

https://www.bafu.admin.ch/bafu/fr/home/themes/eaux/info-specialistes/mesures-pour-la-protection-

des-eaux/protection-des-eaux-souterraines/eaux-souterraines-utilisees-comme-eau-potable.html
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Gewasserschutzbereich A

ubrnige Bereiche
uB

. Fassung

— Schutzzone S1
Schutzzone 52
Schutzzone S3

unterirdische

Wasserscheide — Zustrémbereich Z,

Fassungs-
Einzugsgebiet FEG -

«Inflow zone» (90% of catchment),
protection against persistent pollutants

Courtesy of W. Kinzelbach, ETH Zurich


https://www.bafu.admin.ch/bafu/fr/home/themes/eaux/info-specialistes/mesures-pour-la-protection-des-eaux/protection-des-eaux-souterraines/eaux-souterraines-utilisees-comme-eau-potable.html
https://www.bafu.admin.ch/bafu/fr/home/themes/eaux/info-specialistes/mesures-pour-la-protection-des-eaux/protection-des-eaux-souterraines/eaux-souterraines-utilisees-comme-eau-potable.html

* Impact of climate change
e Drinking water aspects of river renaturalization

* New contaminants
[ ]
e Use of groundwater as heat source CI I mate Cha nge
Glattfelden (Vergleichsperiode 1999-2014) Decrease of P Increase of
| Increase of T irrigation demand

Decrease of Increase of
recharge? abstraction

Groundwater
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Concerns for drinking water wells (bank filtration) after river restoration

River channel after widening: bifurcating channel

Well Brunnen

................................................................................................................... Traveltlme1 da y§-~----Present|y

Protection zone 2 intact Endangered location Protection zone 2 infringed

Remember the Thur restoration project (video)
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Classic Ghyben-Herzberg Model

[

interface

Ps

(H +h)ps=Hp,

pr =1g/cm3
p.=1.025g/cm3

> H=(ps/(ps-pe)) h=40h

A deepening of the freshwater level in the acquifer
induces a 40-times larger rise of the salt water
boundary!!




Issues with water management can also arise because of

groundwater, e.g. Mauritania Nouakchott, in ODA Mauritania, suffers from
flooding in rainy seasons

* Massive urban growth -> reduced
infiltration

e Several districts below sea level

* Intense water supply, no sewer
network -> high groundwater levels
(+1 m in 20yrs)

* Heavy precipitation -> urban
flooding (more frequent)

* Left 2000 people homeless in 2013
and Cholera outbreak

Today

. . L) 200 km?
* Climate change will affect | d ‘ 1.1 M inahbit
Nouakchott in the upcoming years . | wﬁ B '
* Reduction in rainfall of 10%; More ' 3:"’ f %, . | o o
intense rainfall WP ./ { Lintes acullesdela. ) Drecton de expansion
! . ™ S Y/ Découpage adminisrati B Urbanisation irméguliére
e Sea level rise—0.8 m Ji el Lge § T el [] Recasement de Tarhie
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https://www.epfl.ch/schools/enac/eira/

INUNDATION RISK MAP (2015)
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Suppert The Suhscrbe  Findajpd  Signi Searth v UK edition v
Guardian

The,.
News Opinion  Sport Culture  Lifestyle More~ Guardlan

Environment » Climate change Wikllile Energy Pollution

ashor v '"The best solution? Move the

sustainability . . e : .
Mauritanian capital': water on the rise
in Nouakchott

- TOUJOUNINE

g

Risque d'inondation (incursion marine)

Trés fort (sous le niveau de la mer)
Fort (moins d'un métre d'altitude)
Moyen (altitude entre 1 et 1,4m)
Zones stagnantes Janvier 2015
Cordon littoral (dune protectrice)
Batiment 2012

Bréches existantes

A prisoner of climate change, Nouakchotl faces challenges of
flooding and erosion that have boen exacerbated by



https://www.epfl.ch/schools/enac/eira/
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https://eira.epfl.ch

To increase the resilience to flooding of the
city of Nouakchott by modelling the likelihood
of success of an integrated afforestation

. . * To understand current groundwater functioning
program with salt-tolerant tree species

(Data analysis);

\___,_%w/ * To quantify potential and actual transpiration of

________________ ] skt some existing tree species as well as soil-plant-
\J / atmosphere energy and mass exchanges (Plant
Groundwater Flow p hys i O | Ogy)’,
it * To implement an urban-scale quasi-3D groundwater
(a) Single abstraction point model including surface flows and soil- atmosphere

M// flux exchanges (Hydraulic modelling);

u | * To use the groundwater model and the aforesaid
R S A e impact scenarios to build risk maps of integrated
N et \'L/ \/ afforestation measures and residual risks
(Sustainable water management);

Aquifer

(b) Multiple abstraction points

L I

M
Y
I


https://eira.epfl.ch/

Recent situation (13-20/02/2023)  httos://www.epfl.ch/schools/enac/eira/ o=
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Take home messages from these three lectures

m

L2.1

L2.1
L2.1
L2.1

L2.2
L2.2
L2.2
L2.2

L2.3
L2.3

| can describe the hydrological cycle (but not need to remember the volvume of trasnferred water across
the globe)

| can remember the volume fractions of saltwater and freshwater as well as the corresponding percentages
| can explain the concept of water renewal and remember three or four time scales for chosen water bodies
| understand why and which human activities affect the water cycle

| can explain the main rainfall-runoff generation processes and link them to groundwater dynamics
| can understand and rember five river attributes and describe their meaning and functions

| can explain why thermal stratification in artificial reservoir can be an environmental issue

| can remember by heart and explain the lake mass balance equation

| know the difference between Phreatic and Artesian aquifers and remember the three Swiss types
| can explain and remember Darcy’s law and the potential well formulas for the interception and the
stagnant point downstream

L2.3 | know how to use (but | don’t need to rememebr by heart) the hydraulic conductivity well equations
L2.3 | can remember and explain the three protection zones of the Swiss WPA
L2.3 | can derive the Ghiben-Herzerg model for salt water intrusion
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