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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 is carried out
within several projects and
collaborations: IAEA, ABH,
CNRS, UNESCO, NATO....




USE AND AVAILABILITY

Map 4.3: Groundwater abstraction rate as a percentage of mean recharge
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Constraints:
e Unequal distribution (space and time)
e 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less than 25% of water frem rivers withdrawn for human purposes, but malnutrition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withdrawn for human purposes.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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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./y

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

Potential highly stresseg
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Potential undervalued

Inefficient use

®* Most urban centers have a yield network less than 70%

" Performance of the irrigation network in the order of
80%

" |oss of water on the irrigated parcel (40%)

Pricing

"  Does not take into account the cost of raising

Poor economic performance of projects

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 :

» Salinization of groundwater in coastal and inland aquifers;
* Nitrate and Pesticide contamination;

*Waste water pollution

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

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

- low public and political awareness :

— many still regard groundwater as an
unlimited and uncoupled resource

— lack of appreciation of critical linkages with
‘surface environment’ and land-use
practices



Climate change: ) e N s e e
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= Since 1950, more than fort Rainy period
drought periods were recorded

= 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

Volume (Mm?)

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

1955 1956 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

O Nombre de barrages

B Cumul Capacité de
stockage Mm3

O Cumul Volume
régularisé Mm3

JAnnée




® 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

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

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

® Sanitation and wastewater reuse

Safeguard groundwater

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

= Protection against flooding
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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 T & 5T
Mountains 2

v 200 mm in Souss plain

v 120 to150 mm in southern
parts.

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, 87/86gy, 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
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Rainfall in mm

& Agadir Station
50
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1933 193819431948 1953 1958 196319681973 1978 1983 19881993 1998 2003 2008
Calendar date

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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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)
| Mk LT
8 72 75 78 81 84 & 90 93 o4 od e 00 05'-93. 08
. ,.

Ya,
......
1

Year

-50m

Recharge-outflow = deficit




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

the rate of water and salinization process

Chemical tracers;
Isotopic tracers.

Origin et Mineralization of water
(Salinization)

Geochemistry

Hydrogeology, I-— -

Hydrology

Isotopes of water (80, 2H, 3H

Evaluation RMT indicators
14C, 3H , 35CL, ...)

Resulting conceptual model

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

Artificial recharge (Lacher, irrigation return flow)




Own sampling

Data akquisiti
ata akquisition (Field campaigns)

Aquifer system analysis

Aquifer response analysis

Hydrogeochemical analysis
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simulation (incl. scenario projections)

Practical
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Abstract flow chart of the study approach.




A first simple approach based on environnemental
tracers

0180
or
o*H

Sea water

Evaporation

Dissolution

Conductivity  Cl concentration



New Isotopic tracers for delineating
salinization processes

evaporation
mixing

o180
Water sources

87Sr/8Sr



New Isotopic tracers for delineating
salinizatilon processes

evaporation
mixing

0180

Salt dissolution

87Sr/8Sr



1 |
Carte de salinité

HCO3 —
Cafacies

Salinité en mg/L

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

2250-5000

- sup. a 5000

Pas de donnédes

ANTI ATLAS

Tagma et al. 2008

Salinity Origins??

Sea water intrusion?

Rock dissolution?
(Trias, gypsum, schists ...)

Anthropogenic Activities ?




5H (%o)

— 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

OEau de surface

Regional isotopicgradient
(Bouchaou et al., 1995) 18
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‘ Mixing of modern and old waters

90
80
70
60
50
40
30
20 Confined

10 aquifer o Thermal
O 1 I 1 I I I ‘ | .

-15.00 -13.00 -11.00 -9.00 -7.00 -5.00 -3.00 -1.00

613C per mil




& A [Me=za Plaing

B B (Lower Souss Plaing
# C (Middle Souss Plain)
& O {Lippsr Souss Plain
w E (High Allas auliel)
K F (Chtouka Plain

Chlarida jmg'L) Hitrats [mgiL)

Evaporation : Recycling

.. : of agricultural return flows
Mixing with sea water
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Atlantic ocean
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recharge

Origin of salinity and
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Main irrigated perimeters and consequences
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NO3 and irrigated perimeter
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Functioning Souss-Massa aquifer

Mountain

Recharge phenomena
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Seawater Intrusion

Bouchaou et al., 2009




Variable origins of water and salinity
Using environmental tracers

Sea water intrusion
High CI TDS

High 6180 and 6%H
Low Na/Cl

Marine Br/Cl

Marine 611B

Variable 87/86 Sy

Agricultural

return flows :

High 680 and 6%H
High NO4 concentratio

Mixing with

residual entrapped
sea water :

High Br/Cl

High 5B, High 87/86 Sy

Dissolution of
evaporites : Gypsum
High SO,

and Low CI TDS

High Na/Cl

Low 311B, Low 87/86 Sy

Dissolution of
evaporites : Halite
High CI TDS

Low Na/Cl, Low Br/Cl
Low 6B, High 87786 Sy



Conclusion

Mainly from the high Atlas mountains with
high rainfall and snowmelt.

Dissolution of evaporates;
Sea Intrusion;
Irrigation water return;

Chemical and Isotopic tracers are the performing tool to
study water resources particularly in:
- Arid areas;

- Coastal aquifers
- Non equipped zones;
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STATE WATER RESOURCE MOBILIZATION

L,

I Souss Massa Basin

Volume : 1.034 Mm3
= 371 Mm3 from
SW(36%)
= 663 Mm3 from
GW(64%)

Légende
Réseau hydrographique

o =~ Bamages

Altitude (m)

Repartition use:
= Drinking water: 5%
= |rrigation ;95 %

0-400

400 - 800
800 - 1200
| 1200- 1800
P 1600 - 2000

B 2000 - 2400

0 125 25 50Km
T ——

Dams realized: 8 Souss aquifer balance

\Salpadty : 79|7 M”: 1 M > Souss plain : 4.150 Km?

olume regularized : m : . ;
Small dams: 9 > Renewable contribution: 414 Mm
Capacity: 15 Mm3 > Pumped volume : 650 Mm?3

Number of Transfer channels : 6 p.



Major problems

High variability of surface water
High and conflict water demand
High use GW in irrigated areas
Overexploitation of GW

1
.

1
.

1
.

1
.

33%

L Y 59%

67% 2000

O Eau de surface @ Eau souterraine




what Short-term Hazards?

I Technical-economic hazard

Decreasing of GW level ;

Use the deepening of wells and the
construction of new wells

Lower aquifer levels — higher pumping costs
Decrease farm profitability and product quality
Abandonment of farmland,

Rural exodus and loss of agricultural labor;;
Impoverishment of small and medium farmers.

1 Environmental hazard
> Seawater intrusion in the coastal area;
Increased salinity; £ 100

Desertification and erosion of the area with
negative impact on the environment and
sustainable development.

2 5000

El Guerdane

o1996 @2003

Abandonment of framland




Which water resources
management?



Mitigation

e Mobilization of surface water: Dams
e Agricultural Return flow

* Economy and Integrated water resources
management.......



How we can reduce the water lost
to the ocean?

* Based on natural recharge phenomena

e Scientific results using new techniques:
— Modeling?
— Environmental Tracers (chemical, isotopic),
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Figure 3-1: Landscape hydrogeology and hydrogeochemical processes in drylands reflecting the geological envi-
ronment in North Africa (from Edmunds, 2003).

Evapotranspiration

Fracture
recharge

Colluvial
infiltration

Direct
recharge

Figure3-3: Conceptual models of groundwater recharge (from Kuells, 2003).




Current system of the artificial recharge

Aoulouz dam
, . )"‘%
From dam: ,,4' e

- Aoulouz : 103 Mm?3
- Imi El Kheng : 12 Mm?

- Release from dams to control
discharge.

9 thresholds (barrier) in oued In
order to spread the water
released




9 thresholds (barriers) made between Pk 62 and PK 110
Heights 3to 4 m (gabions and gravel).
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Fosition of hydraulic struciuces
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Effective recharge after construction of dam

ABH/SM  DGERE

ANNEES SEPT. | OCT. NOV. DEC. | JANV. FEV. MARS | AVRIL MAI JUIN JUIL. | AOUT TOTAL
1991-92 0,000 [ 1,065 1,425 | 33,576 | 2,565 36,666 0,000 0,000 65,549 0,000 9,904 0,000 150,750
92-93 8,000 | 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 4,099 0,000 12,099
93-94 0,000 | 0,000 | 21,979 | 2,287 0,000 0,000 0,000 0,000 27,719 2,187 0,000 0,000 54,172
94-95 0,000 | 0,000 0,000 0,000 0,000 0,000 0,000 10,260 0,000 0,000 0,000 0,000 10,260
95-96 9,000 | 0,000 0,000 0,000 | 70,493 | 68,254 | 104,052 | 21,344 2,880 81,884 | 44,994 [ 10,739 413,640
96-97 2,284 | 2,180 3219 | 37,441 | 67,427 | 33,661 23,121 | 50,515 | 12,798 5,496 0,542 39,579 278,263
97-98 1,233 | 5,014 4,905 0,044 0,000 35,312 22,987 5,432 0,259 77,497 | 18,468 | 11,500 182,651
98-99 7,115 | 1,242 0 0 0 0 0 0 0 0 0 0 8,357
1999-2000 0 0 0 0 0 0 0 0 35,460 0 35,460
2000-2001 0 0 0 0 0 0 0 0 0 0 0 0 0
2001-2002 0 0 0 0 0 0 0 0 0 0 25,656 0 25,656
2002-2003 27,648 0 0 0 0 6,912 4,896 0 0 0 0 0 39,456
2003-2004 20,160 | 19,958 | 16,632 | 0,000 | 22,716 0 0 0 0 0 w
TOTAL 75,440 | 29,459 | 48,160 | 73,348 | 163,201 | 180,805 | 155,056 | 87,551 | 109,205 | 167,064 | 139,123 | 61,818 1171,308
MOYENNE 5,803 | 2,266 3,705 5,642 | 12,554 | 15,067 12,921 6,735 8,400 12,851 | 10,702 4,755 106,483

Les volumes sont en MM3.




Evaluation of the recharge after the construction of
the dam

LWy

Discharge released from the dam: 50 to 80 m3/s
> Dischargein 12y : 1200 Mm?

Repartition of the released flow:
« Infiltration : 86%
« Direct irrigation : 14%

LWy

> Annual Recharge : 100 Mm3/y

!
e ™ Wy




w2z EVALUANTION OF DISCrIARGE FROM DAY

85 % infiltration
A

Decreasing infiltration rate

DIRECTION GENERALE DE L'HYDRAULIQUE / DRPE




Possible improvements for the recharge dispositive

v Recharge in the useful areas for the agriculture

> Reduce the
Infiltrated Q (2°
km from dam)

Increasing the
Q infiltrated in
useful
areas(90km).

ZONE UTILE SUR LE PLAN AGRICOLE

Increasing the
recharge from
the tributaries

!




v Transfer from dam for irrigation

ETUDE D’EXECUTION DES SEUILS DE RECHARGE ARTIFICIELLE DE LA NAPPE DU SOUSS
DANS LA PROVINCE DE TAROUDANT

| 3 istance
sou e || | e
Frefa amont ;;%:“E Avecle 300 | 18 | 1990 | 2
S Frlia Avel ;;;‘;;E Aveole§ 640 | 18 | 1990 | 68
— SidiAmora | e 340100 Avecled 353 | 12a1§ 1983 | 78
[ 7 2zom
: Sougua |y ‘;;wﬁ Avecled 200 | 98 | 1993| 82
' Bahsia  |yeaeram Gabion | 300 | 15434 1990 | 90
[ =%
[ WSwer | im0 Avecle 407 | 18 | 1992| 95
Lalla Tamsist ﬁ%ﬁi&? Gabion | 650 | 1 | 1998 | 98
| Hamria ﬁﬁ“ﬂ Gabion| 300 | 14 | 1988 | 100
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Océan &
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& ABHEM SCHEMA SYNOPTIQUE DES AMENAGEMENTS EXISTANTS SOMATEP oo
A ET BARRAGES PROJETES
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Selected sites for artificial recharge improvement

;?*Arranglngxhe bed of the oued: ' & | ok, B
reducmg the chanhels. Ve | iea

} Arranglng the oued bed in | : /'
/ ‘ i
downstream part Increasing the e b
number of channels _ et W) |
L'OUED TALEKJOUNT \
|FRELA AMONT
Y
. \\. ‘ : |
| ‘SE.I_L | CALLA TANSST el e A /. ECHELLE
ET A 2\ o Funelfd | bt
i \ /SEUIL BAHSIA _‘
W s ool

OUED



> All areas arranged for the infiltration are filled by clays...




Degradations of thresholds by flooding

p

g ABHSMD



Cost of cleaning

Description | Surface Volume | Colt d'un curage
(m2) (m3) (35 DH/m3)

FREIJA Amont 150 000 300 000 10 500 000

FREIJA Aval 400 000 350 000 12 250 000

SIDI AMARA 200 000 250 000 8 750 000

SOUIGUIA 150 000 20 000 /700 000

BAHSIA 100 000 150 000 5250 000

M'SAFER 320 000 200 000 /7 000 000
LALLA TAMSIST 390 000 250 000 8 750 000
HAMRIA 150 000 300 000 10 500 000
KHARROUBA 200 000 300 000 10 500 000

TOTAL 2 060 000 2120000 | 74200000 @ |

> Positive socio-economic Impact

> Agro-economic improvement in downstream to

S balance the negative aspects
gl ABHSMD
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Figure 2-1: Scheme of the study area with the oases belt along the Wadi Draa and the adjacent main features of
landscape and geology.
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Conceptual model
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Perspectives:

The water resources sustainability, The agricultural
production and the domestic use of water in ecosystem
under semi-arid climate are subjected to various
constraints

Domestic water use

Availability of surface water (GW recharge)
Requirements out of water for the cultures (crops)
Availability of GW water

Salinity of the soil

to develop a fully integrated water resources
management and land management approach,
replicable to the sensitive ecosystems

Improve knowledge on GW resources,
socioecon. dev. of the area and related GW needs,
analysis of irrigated agricultural production systems...



INTEGRATED WATER MANAGEMENT
the general wisdom

- multi-disciplinary approach (managing people)
— socio-economic, legal and institutional
— (as well as) technical and environmental

« cross-sectorial vision (macro and micro level)
— urban infrastructure design and operation
— agriculture cropping policy and practice



To discuss with you

* Which indicators can we use for sustainability,
vulnerability, renewability....??

* |s MRT useful indicator in an assessment of
groundwater that supplementing the
knowledge from other measurements?

 Artificial recharge........ ?? Other cases



Thank you for your attention

Average Precipitation:

High-AtlasMountains  Souss-Massa Basin Anti-Atlas Mountains
350-800 mm yr-1 240 mm yr-1 250-350 mm yr-1

Recharge - outflow = deficit

Drinking Well AC25 in the South part of the Basin

cr 1136 mg/L
Nat 740 mgiL
8180 3349,
oD -26 %o

B/l 12x10715




