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Outline of presentation

1. Overview on water resources in Morocco

2. Recharge: Case of 2 overexploited aquifers
In Morocco

Work research iIs carried out
within several projects and
collaborations: IAEA, ABH,
[ bw{ 2 | b9{/ hX




USE AND AVAILABILITY

Map 4.3: Groundwater abstraction rate as a percentage of mean recharge
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Constraints:
w Unequal distribution (space and time)
w Geology: hard rock (low yields) and great depth (high cost)



USE AND SCARCITY

Map 2. Areas of physical and economic water scarcity

Littla or mo watar scarcity

Physical water scarcity

Approaching physical water scarcity

Economic watar scarcity

Mot estimated

Physical Water Scarcity. More than 75% of the river flows are allocated to agriculture,
industries or domestic purposes (accounting for recycling of return flows). This
definition of scarcity—relating water availability to water demand—implies that dry
areas are not necessarily water-scarce. For example, Mauritania is dry but not
physically water-scarce because demand is low.

More than 60% of river flows are allocated. These bkasins will experience physical
water scarcity in the near future.

Economic Water Scarcity. Water resources are abundant relative to water use, with
less than 25% of water frem rivers withdrawn for human purposes, but malnutrition
exists. These areas could benefit by development of additional blue and green water,
but human and financial capacity are limiting.

Abundant water resources relative to use: less than 25% of water from rivers is

GWMATE

withdrawn for human purposes.



Water crisis in Morocco:
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Intensification of recurrences of droughts



90 to 96 % are allocated to irrigation



Geographical distribution of water resources
In Morocco

Souss-Massa
area




Main aquifers in Morocco

Souss-Massa

Shallow aquifers:
Costal and
alluvial areas

I
Deep aquifers (400
t0 1600 m):

I
Multilayer
aquifers:
shallow and

| deep

About 80 aquifers

- 48 unconfined
- 32 depth or

confined




Potential limited
1960 : 2560 m3/capita.ly

Currently : 720 m3/capita.ly
2020 : 520 m3/capita./an

Potential highly stres

| AINBENIMATHAR (NORD-EST) |

Alarming decline in most
aquifers: 40m in Souss -t
Massa-Souss, 30m in
Haouz, 60m In Saiss et
40m in Ain Béni Mathar

Depletion of some aquifers |

SAISS (CENTRE) |

HAOUZ (CENTRE SUD) |




Potential undervalued

Inefficient use
A Most urban centers have a yield network less than

A Performance of the irrigation network in the order o
80%

A loss of water on the irrigated parcel (40%)

Pricing

A Does not take into account the cost of raising

Poor economic performance of projects

A Area of 119 000 ha dominated by dams and not yet equipped, low
agricultural demand satisfaction (64%), hydroelectric power less than
50% of the objective.



Potential threatened :

ASalinization of groundwater in coastal and inland aquifers;
ANitrate and Pesticide contamination;

ANaste water pollution

ASiltation: Loss of storage capacity due to silting of 70 Mm3/year

A resource governance has not kept pace with
resource development  (government agencies
have focused more on  development than
management )

A low public and political awareness :

I many still regard groundwater as an
unlimited and uncoupled resource

lack of appreciation of critical linkages with
Osurface environugogsent 6
practices



Climate change:

- Drought
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A Since 1950, more than fort Rainy period

1931 1941 1951 1961 1971

drought periods were recorded
A Ten very dry periods generalized
to the whole country (rainfall deficits
sometimes exceeds 60%)

®

Severe flooding in urban and rural with
human and material damage




ACHIEVEMENTS
Mobilization Infrastructure

Evolution de la capacité de stockage, du volume régularisé et du
nombre de barrages mis en service depuis l'indépendance

O Nombre de barrages
B Cumul Capacité de
stockage Mm3
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A Continued efforts to mobilize

Continued mobilization of surface water
Examination of the transferability
Further research and mobilization of groundwater (deep aquifers)

Mobilization of non-conventional water resources

A Economy and Water Efficiency
Conversion techniques and means of irrigation,

Reduction delay of hydro-agricultural equipment,
Adoption of a new rate.

A Sanitation and wastewater reuse

A Safeguard groundwater

A Contracts with groundwater users,
A Strengthening of control: Police water

A Protection against flooding



::::::

------

------

......

The World

~
o
ANTARCTICA v anger
50" 120" 90 60' 30'W 0" 30°E 60" 00 _120° 150" 160

I Climate: Arid to semi arid
, Influenced by Mountains,
Ocean and Sahara

I Precipitations :
V' 30 daysl/year;

V/ 300 to 600 mm in High Atlas
Mountains

V' 200 mm in Souss plain

\V 120 tol50 mm in southern
parts.

Rk
IIIII

F Snow in High and Anti-
Atlas Mountains

Altitude =1000m

100

0 23"‘], km

@ Souss-Massa basin

I Evaporation : 2000 to
3000 mm/year

MAURITANIE

Geographical context of Morocco



Souss-Massa

Important economic pole in
Morocco.

Agriculture, Tourism and Maritime TR en
fishing; A

Approximately 94 % of water o
resources is used for irrigation;

variable water quality, high salinity
exceeding 4 g.I'! in costal area

MAURITANIE




Limited water potentiel
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PROBLEMATIC

(and soills) :
Increasing problem, particularly in semi-arid and arid areas




nvestigation of recharge, salinization, and residence time of
vater in the Souss-Massa aquifer, Southwest of Morocco

Geochemical tracers:
major and traces ions
isotopes : 180, 2H, 13C, 14C, 87865y, 11B ¢

available at www.sciencedirect.com

-
=27 . . Contents lists available at SciVerse ScienceDirect L
*e” ScienceDirect P vanaer

HMYDROLOBY

journal homepage: www.elsevier.com/locate/jhydrol

Journal of Hydrology

journal homepage: www.elsevier.com/locate/jhydrol

Application of multiple isotopic and geochemical
tracers for investigation of recharge, salinization,
and residence time of water in the Souss—Massa
aquifer, southwest of Morocco

Geochemical and isotopic (oxygen, hydrogen, carbon, strontium) constraints for
the origin, salinity, and residence time of groundwater from a carbonate aquifer
in the Western Anti-Atlas Mountains, Morocco

N. Ettayfi® L. Bouch Ju*_'* L. Michelot®, T. Tagma? N. Warner©, S. Boutaleb? M. Massault®?,

L. Bouchaou ®*, J.L. Michelot P, A. Vengosh <, Y. Hsissou 2, M. Qurtobi 9,
C.B. Gaye ', T.D. Bullen T, G.M. Zuppi &

a

gouma sh




Rainfall in mm

& Agadir Station
50
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Taroudannt Station

Low and irregular
rainfall

Unequal repartition
In time

Long and frequent
drought periods

Bouhaou et al., IAH series, 2012
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Souss-Massa aquifer (main one in southern part of
Morocco
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More than 25,000
wells and boreholes
In Souss-Massa
aquifer
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Consequences:

- Water resources cepleted
- Degracdation of water quality

Evolution of water level in Souss-Massa aquifer

Pumping exceeds

% Recharge of 260 Mm3,
= !
=
= 0.5to 2 m/y during the
% last 30 years
o)
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Year

-50m

Recharge-outflow = deficit




The key for correct use tracer tools for evaluating the origin a

the rate of water and salinization process

Chemical tracers;
|sotopic tracers.

Origin et Mineralization of water
(Salinization)

Geochemistry

Hydrogeology, I-— -

Hydrology

Isotopes of water (80, 2H, 3H

Evaluation RMT indicators
14C 34 36C | | é)

Resulting conceptual model

Natural recharge (processes, distribution and timing , long/short term effe¢ieng
term recharge is depended on climatic conditions?!)

Artificial recharge Lacherirrigation return flow)




Own sampling

Data akquisiti
ata akquisition (Field campaigns)

Aquifer system analysis

Aquifer response analysis

Hydrogeochemical analysis
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Perceptual groundwater model

Impact Groundwaterbudget modeling
simulation (incl. scenario projections)

Practical

Managementoptions
outcome

Abstract flow chart of the study approach.




A first simple approach based on environnemental
tracers

d'80
or
d’H

Sea water

Evaporation

Dissolution

Conductivity  Cl concentration



New Isotopic tracers for delineating
salinizationprocesses

evaporation
mixing

disO
Water sources

87Sr/86Sr



New Isotopic tracers for delineating
salinizatiilonprocesses

evaporation
mixing

d®o

Salt dissolution

87Sr/86Sr



1 |
Carte de salinité

HCOZ;
Cdafacies

ANTI ATLAS

Salinité en mg/L

oo
[' 250-750
[:l 750-2250

2250-5000

- sup. a 5000

Pas de donnédes

Tagma et al. 2008

Salinity Origins??

Sea water intrusion?

Rock dissolution?

(Tri as, gypsum, schi

Anthropogenic Activities ?




Y Main recharge from High Atlas

A (Massa Plain)

B (Lower Souss Plain)
C (Middle Souss Plain)
D (Upper Souss Plain)
E (High Atlas outlet)

F (Chtouka Plain)




Origin of water: Altitude of recharge between 850 to 2000 m.a.s.|
= Atlas Mountains (mainly High Atlas with high rainfall).

O Eau souterraine
0O Eau de surface

Regional isotopicgradient
(Bouchaou etal., 1995) 8
d“0=-3-0.0026 3 alt.
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