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-30%0 vs SMOW and between -30 and -35 %0 vs SMOW represents each 25% of the
total samples analyzed.

The distribution of representative groundwater points on the oxygen-18/deuterium
diagram in relation to the global (GMWL) and local (LMWL) meteoric lines,
makes it possible to define the main phenomena involved in the hydrodynamic and
hydrogeochemical functioning of the aquifer. Figure 5 representing the variation 82H vs
0180 of groundwater in the study area, shows that the groundwater samples representing
the two campaigns 1996 and 2007 (Fig. 5a, b) are located above the meteoric line world
(GMWL) and around the local meteoric line (LMWL: 62H = 7.95 x 0180 + 11.3)
established by Mennani (2001). This reflects that the aquifer recharge is ensured by
the infiltration of precipitation of Atlantic origin without significant evaporation. As
for the 2016 campaign samples (Fig. 5c), some points are located below GMWL
suggesting that these points underwent evaporation before being infiltrated into the
aquifer. Other points are located above GMWL reflecting a direct recharge of the
aquifer by precipitation of Atlantic origin without significant evaporation. Concerning
the precipitation sample, it is an annual average of the analysed samples of rainfall
in 2004, 2006, 2016, and 2018 (Fig. 6). The very clear variation in isotopic contents
between 2016 and 2007 is due to a paleorecharge and the low recharge rate following
the decrease in precipitation in recent decades (Ouhamdouch et al. 2020b).

Figure 5

Correlation diagram 0 2H vs 0 *O of the groundwater of the Cenomanian-Turonian
aquifer: (a) campaign of 1996, (b) campaign of 2007 and (c) campaign of 2016
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Figure 6

Isotopic content of precipitations within Essaouira basin

isotopic content (%)

¢ Oxygen-18 e Deuterium

2004

2006 2016 2018

4.1.2. Tracking of groundwater with Tritium and Carbon-14

For the 2016 campaign, the tritium contents range between O and 2.1 TU. The
highest values were recorded the Et Tleta Hanchane region and in the Kourimat
region. This confirms that the recharge of the aquifer through rainwater is low and
limited to a few places (Fig.7).

Figure 7

Spatial distribution of the 3H content of the groundwater
within the Cenomanian-Turonian aquifer (Campaign of 2016)

100000

120000 140000

Atlantic
Ocean

Essaouira

Legend:
3H (TU)

©0-05
@ 05-1
@1-15

o @:2-21

Et Tleta + Village
Hanchane 948

‘ 1871/52

120000

112/52

105/-'5:7 }Wsz

776/52

100000




Behavior of the isotopic signature of groundwater facing climate change within a semi-arid envir... 127

According to Mazor (1991), a tritium content greater than 1 TU indicates a post-
nuclear recharge of groundwater and content less than 1 TU represents a pre-nuclear
recharge or a mixture between recent and old waters. Indeed, the high tritium contents
have been observed in the Kourimat and Et Tleta Hanchane region (recharge area),
and they can be attributed to the recent infiltration of precipitation.

The projection of the samples from the two campaigns 2016 and 2007 (Fig. 8)
shows that some points are located above the line representing 1 TU reflecting a recent
recharge of the Cenomanian-Turonian aquifer, while the other points are located below
the line of 1 TU confirming a pre-nuclear recharge or a mixture of recent and old
waters. A comparison of the *H content of the same water point analysed in 2007 and
2016 shows a decrease in the *H content. At certain points such as O30, the decrease
in the *H content is accompanied by an increase in '*O, this could be explained by a
mixing phenomenon between a source (coming from the well O30) and the well O30
well. However, the general decrease in *H levels could be explained by the low recharge
rate following the decrease in the precipitation rate as a result of climate change.

Figure 8
Relation oxygen-18 and tritium content of water points sampled
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Nine samples capturing the Cenomanian-Turonian aquifer were analysed for
carbon-14 and carbon-13. The 8"C of analysed samples range from -10.82 (605/52)
to -5.12%o (1699/52) with an average of -8.70%c vs PDB (Table 1). The majority
of the samples have more homogeneous "*C contents which vary between -7.41 and
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-10.82%o. This small variation in 8"C contents suggests that the carbon sources are
very limited. Represented on the diagram &"C/Carbon-14 activities (Fig. 9), the
waters of the Cenomanian-Turonian aquifer show a depletion in 8'*C as the time of the
residence of the waters increases. This depletion can be attributed to the phenomenon
of carbonate mineral precipitation leading to a decrease in the proportion of the heavy
isotope of carbon in water.

Dating groundwater at *C is not an easy procedure, especially in carbonate
aquifers or even when carbonate layers are present in geological strata, as it occurs in
the Essaouira sedimentary basin.

Figure 9

Correlation 8*C vs carbon-14 activity of the samples
capturing the Cenomanian-Turonian aquifer

100 - ;
1503/52
Z | [}
£ 80 4 | 54/52 1699/52
3 89/52 o /
= 548/5? ‘ °®
© 60 - o 0 O
< \ - 883/52
‘}:‘ 40 | \ ES65
3 677/52
£ (]
S 201 ES28
@ Cenomanian-Turonian
0 T T L} 1
-12 -10 -8 -6 -4

813C (%o vs PDB)

A common and simple way to estimate the initial activity of *C is to relate the
0"C content of TDIC in groundwater to the mixed carbon of carbonate rocks, using
carbon from soil CO2 and a fractionation factor between the different carbonate phases
as a function of temperature (Salem et al. 1980; Gonfiantini and Zuppi, 2003). The
equation proposed by these authors was used to estimate the apparent radiocarbon age
of the groundwater samples from the Cenomanian-Turonian aquifer:

Ao
t; = 8267XLn (—)
Ay
With Ao =[100 (3citp — 6r) (1+2.3€13 /1000)] / (3s - Or + €13)
The apparent radiocarbon age of groundwater was estimated using the value 63C
as a correction factor. Ag is the initial C activity in TDIC during the recharge of the

aquifer and At the residual “C activity in TDIC measured in a sample capturing this
aquifer (expressed in pmc).
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It has been assumed that the *C activity of soil CO2 is 100 pmc (Fontes 1976).
OcITD = the measured *C content of soil CO2

OR = the "*C content of CaCO3 in the soil and in the rock matrix

0S = represents the *C content of soil CO2

g, = represents the °C enrichment factor during the CO2 dissolution from the soil
in water infiltration.

To estimate the apparent radiocarbon age, the value of 8s = -23 %0 was adopted to
calculate the initial '*C activity and 0%o was adopted as representative of Or (Carreira
et al. 2014). To take into account the fractionation during the dissolution of CO2 from
the soil in the infiltration water, we adopted €, = 9.0%0 (Mook et al. 1974). This
simple model was considered appropriate because in all the water samples analyzed,
the saturation index with respect to calcite is not significant (Bahir et al. 2018c;
Bahir and Ouhamdouch 2020b), and the 8'*C measured in the TDIC of samples is
about -10 %o, indicating a small contribution of the dissolved carbonate. However, the
estimated radiocarbon ages vary from the actual (samples 54/52, 89/52, 883/52, and
1699/52) to 7212 years BP (BP = before present) (samples ES28) (Table 2).

However, the presence of ancient waters in the study area suggests a low rate
renewal of the groundwater within the Cenomanian-Turonian aquifer. This must be
taken into account in the context of the exploitation and management of this resource.
Uncontrolled exploitation can cause a decline in the water level and consequently
hydrochemical imbalances causing an irreversible degradation of the groundwater
quality as well as a depletion of the resource.

4.1.3. Temporal evolution of 0O contents as a function of electrical conductivity

Following the availability of data, a comparison of the O contents of the same
water points having known the dosage of this element in 2007 and 2016 was made in
order to assess the behavior of the isotopic signature when facing of climate change.
The obtained results are grouped in Figure 10.

From this, we note that the evolution of the oxygen-18 content, which is
accompanied by an increase in the electrical conductivity (salinity) from 2007 to
2016, presents a slight increase in "*O. This slight enrichment in 'O, on the order
of 1%o, is probably due to the phenomenon of evaporation following the increase
in the air temperature caused by climate change. However, it can be concluded that
the groundwater isotopic signature of the Cenomanian-Turonian aquifer has not been
spared by the effect of climate change.
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Figure 10

Interannual variation in 8'®0 contents vs electrical conductivity
of samples taken in 2007 and 2016
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4.2. Plio-Quaternary and Turonian Aquifers

4.2.1. Oxygen-18/deuterium diagram

Oxygen-18 contents vary between a minimum of -5.0%o. vs SMOW (27/51) and a
maximum of -1.8 %0 vs SMOW (11/51), with an average of -3.9 %0 vs SMOW for the
Plio-Quaternary aquifer and between a minimum of -5.0%c vs SMOW (380/51) and a
maximum of -4.4%o. vs SMOW (346/51), with an average of -4.7 %0 vs SMOW for the
Turonian aquifer. As for deuterium contents, the maximum value is -8.9%c vs SMOW
(11/51) and the minimum value equal to -29.7%0 vs SMOW (O8) with an average
value of -22.6%0 vs SMOW for the Plio-Quaternary aquifer. As for the Turonian
aquifer, the maximum value is -27.3%c vs SMOW (386/51) and the minimum value
equal to -28.5%0 vs SMOW (380/51) with an average value of -27.9%0 vs SMOW
(Table 1, Fig. 11).
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Figure 11

Spatial distribution of the '*O and *H content of the groundwater
within the Plio-Quaternary and Turonian aquifers (Campaign of 2018)
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The frequency histograms representing the Plio-Quaternary aquifer (Fig. 12a) show
that half of the analyzed samples are characterized by oxygen-18 contents between -4
and -5%o0 vs SMOW, 27% have contents vary between -3 and -4 %o vs SMOW, 11%
have contents between -6 and -7%o vs SMOW, while the ranges of values between
-5 and -6%o0 vs SMOW and between -1 and -2%0 vs SMOW are represented by 5%
each one of the total samples. As for those representing the Turonian aquifer (Fig.
12a), they show that the 180 contents of the groundwaters vary between -4 and -6 %o
vs SMOW with the dominance of waters with contents vary between -4 and -5 %o Vs
SMOW (75%). As for deuterium, the frequency histograms (Fig. 12b) show that the
range of the most frequent values are in the ranges of]-20, -25] and] -25, -30] for the
Plio-Quaternary aquifer with a percentage of 39 and 33%, respectively. Concerning
the Turonian, the 2H contents of all the samples analyzed are between -25 and -30 %o
vs SMOW. However, the waters of the Plio-Quaternary and Turonian aquifers are
characterized by 'O contents varying from -4 to -5%0 vs SMOW and ?H contents
ranging from -25 to -30 %o vs SMOW.
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Figure 12

Frequency distribution of oxygen-18 (a) and deuterium (b) contents in the
waters of the Plio-Quaternaty and Turonian aquifer (Campaign of 2018)
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The distribution of representative samples of the Plio-Quaternary and Turonian
aquifers (campaign of 2018) on the correlation diagram 0?H vs 80 (Fig. 13),
makes it possible to define the main phenomena involved in the hydrodynamic and
geochemical functioning of aquifers.

The majority of the points are scattered around the GMWL and LMWL lines
reflecting a recharge by infiltration of rainwater of Atlantic origin (Group 1). This
recharge results in the decrease in the salinity in these wells (in particular well
27/51 which has a low electrical conductivity (salinity)). This well is the closest to
the freshwater pole (rainwater). Other local recharge points for rainwater have been
identified (for example O6, 15/51). This recharge is probably favored by the lithological
nature and the small thickness of the unsaturated zone. This group contains both the
majority of the samples representing the shallow Plio-Quaternary aquifer and all the
water points representing the deep Turonian aquifer. However, the water in Group 1
wells is free of all evaporation traces, which indicates rapid infiltration of rainwater.
Other water points are distinguished by their position below the GMWL (Group 2),
they line up in 8 characteristics of the evaporation phenomenon. This last process
mainly concerns surface water (098 and 099) and wells 105/51 and 327/51 located
respectively in the northeast and south part of the aquifer. Evaporation can probably
take place before water infiltration, in the unsaturated zone or during sampling. The
Freshwater-Seawater line is drawn up taking the isotopic signature of rainwater and
that of seawater from the Atlantic Ocean (Carreira et al. 2014).

In the same diagram, well 11/51 is aligned on the line freshwater-seawater mixture.
This point located on the coastal fringe near Cap Sim is characterized by high salinities
which are accompanied by a decrease in the piezometric level, and this since 2015.
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This confirms that the increase in mineralization in this well is mainly caused by the
marine intrusion phenomenon.

Figure 13

Deuterium vs oxygen-18 diagram of the groundwaters sampled in 2018
of the Plio-Quaternary and Turonian aquifers
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4.2.2. Tracing the groundwater of the Plio-Quaternary and Turonian aquifer with
Tritium and “C

For the campaign of May 2004 (Table 1, Fig. 14a), the tritium contents of the
groundwater from the Plio-Quaternary aquifer vary between 0.2 and 4.2 TU with an
average of 1.7 TU. As for the groundwater of the Turonian, the contents vary between
0.9 and 2.5 TU with an average of 1.6 TU. Concerning the campaign of June 2006
(Table 1, Fig. 14b), the *H contents of the samples catching the Plio-Quaternary
aquifer oscillate between 2 and 4.4 TU with an average of 3.2 TU. Those of the
samples representing the Turonian vary between 2 and 3.8 TU with an average of
2.5 TU. The *H enrichment between 2004 and 2006 could be explained by the increase
in precipitation in 2006 (514 mm/year) compared to 2004 (393 mm /year). The highest
values were marked in the North, near the Ksob wadi, and in the East, aquifer recharge
zones. The highest values were marked in the North, near Ksob Wadi and in the East;
these are the aquifer recharge zones. This confirms that the recharge of the aquifer
through rainwater is low and limited to a few places. The presence of water with very
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low *H contents, reflects the low recharge rate and requires the use of *C in order to
estimate the age of this vital resource.

Figure 14

Spatial distribution of the *O and *H content of the groundwater
within the Plio-Quaternary and Turonian aquifers:
(a) Campaign of 2004, (b) Campaign of 2006

(a) (b)
Atlantic Atlantic
Ocean Ocean
Legend: Legend:
© Sample © Sample
+ Village + Village
W Diapir Tidzi = Diapir Tidzl
180 content
31 content 180 content
3H content
nm = not measured

Seven water points, three of which capture the Plio-Quaternary aquifer and four
captures the Turonian (Table 1) were analysed for carbon-14 and carbon-13. Carbon-13
contents measured in the waters of the Plio-Quaternary aquifer vary between -8.4 %o
(128/51) and -6.3 %0 (389/51) with an average of -7.5%o. As for the Turonian aquifer,
the 13C contents oscillate between -10.3 (386/51) and 9.4 %o (390/51) with an average
of 9.8 %o. The samples show more homogeneous *C contents which vary between -6.3
and -10%o. This reflects that the origin of carbon is probably from a single source. The
plotting of the Plio-Quaternary and Turonian aquifers on the diagram 613C/Carbon-14
activities (Fig. 15) shows that the waters of the Turonian aquifer are slightly depleted
in “C compared to those of the Plio-Quaternary. This could be explained by the
significant depth of the Turonian aquifer. For the two aquifers, certain points have
a carbon-14 activity greater than 70 pmc suggesting the presence of interconnection
between them, particulary in upstream and downstream of the basin. Some samples
show a *C depletion which can be attributed to the phenomenon of carbonate mineral
precipitation causing a reduction in the proportion of the heavy isotope of carbon in
water.
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Figure 15

Correlation 8"C vs carbon-14 activity of the samples capturing
the Plio-Quaternary and Turonian aquifers
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After estimating the initial carbon-14 (AO) activity, the radiocarbon age of the
waters representing the Plio-Quaternary and Turonian aquifers was estimated based
on the equation established by Salem et al. 1980 and validated by Gonfiantini and
Zuppi 2003, and Carreira et al. 2014. The waters of the Plio-Quaternary aquifer show
radiocarbon ages ranging from the actual to 2326 years BP and those of the Turonian
aquifer show ages varying from the actual to more than 6000 years BP (Table 2). The
difference in water ages between the two aquifers results in the fact that the Plio-
Quaternary aquifer is superficial while the Turonian is a deep aquifer.

However, as in the case of the Cenomano-Turonian aquifer, the presence of old
waters within the Plio-Quaternary and Turonian aquifers suggests a low rate of renewal
of groundwater. This must be taken into account in the context of the exploitation and
management of this resource.

4.2.3. Temporal evolution of O contents of the groundwater of the Plio-
Quaternary and Turonian aquifers

Evolution of the oxygen-18 content in some wells capturing the Plio-Quaternary
and Turonian aquifers is grouped in Figure 16 and Figure 17. The '*O vs 2H correlation
diagram for each point during 25 years shows that the recharge of the Plio-Quaternary
and Turonian aquifers is ensured by precipitation of Atlantic origin without notable
evaporation. Only two points are located below the GMWL, it is point 272/51 (in
2004) and point 11/51 (in 2018). This situation could be explained by the fact that
point 272/51 underwent evaporation before infiltration, while point 11/51 underwent
marine contamination as shown in Figure 17 where the electrical conductivity is
around 10 mS/cm.
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Figure 17 represents the evolution of the oxygen-18 content and the electrical
conductivity of the points capturing the Plio-Quaternary and Turonian aquifers. From
this Figure we see that the increase in electrical conductivity (salinity) is accompanied
by a slight increase in oxygen-18 contents. This slight enrichment in '®O, from 1 to
1.5%0, may be due to the effect of evaporation caused by the increase in atmospheric
temperature under the effect of global warming (Fig. 18). This suggests that the
isotopic signature of the study area is influenced by climatic variations and therefore
it can be concluded that climate change has an effect on the isotopic content of
groundwater within the Essaouira basin.

Figure 16

Isotopic contents evolution of the groundwater
of the Plio-Quaternary and Turonian aquifers
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Figure 17

Interannual variations in 880 contents vs electrical conductivity of the samples
taken in 1996, 2004, 2006 and 2018 from Plio-Quaternary and Turonian aquifers
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5. Conclusion

Tracing the groundwater of the Essaouira basin with stable and radioactive isotopes
of the water molecule has permitted to determine the origin, mode, and recharge areas
of these waters.

The correlation between the deuterium and oxygen-18 contents of the groundwater
of the Cenomanian-Turonian aquifer highlighted that the recharge of these waters is
ensured by precipitation of Atlantic origin without significant evaporation. For the
Plio-Quaternary and Turonian, this correlation has shown that groundwater recharge
is also ensured by precipitation of Atlantic origin without significant evaporation and
that these waters have been subjected to contamination by seawater.

This approach has shown that the recharge areas of the Cenomanian-Turonian
aquifer are represented by the Et Tleta Hanchane region (altitude = 300 m asl), the
Krimat region (altitude = 500 to 620 m asl) and the far East of the study area.

Tritium tracing based on the same wells sampled in 2007 and 2016 shows a
significant decrease that reaches 2 TU in some wells. This trend could be explained by
the low recharge rate following the decrease in precipitation experienced by the study
area in recent years. The presence of old or fossil water in the study area suggests a
low rate of renewal of the groundwater in this basin. This must be taken into account
in the context of the exploitation and management of these waters.

The temporal evolution of the 180 contents generally shows an enrichment
character, of the order of 1 to 1.5%0. This may be due probably to the phenomenon
of evaporation generated by the increase in air temperature caused by climate change.
The latter also seems to affect the isotopic signature of groundwater in the Essaouira
basin.
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Table 1
Isotopic results of analysed samples
Sample Depth/soil T pH EC 9'%0 o’H ‘H o1C 1“C
m °C ps/cm %0 vs SMOW TU Yoo pme
Cenomanian-Turonian Aquifer
Campaign of 1996
610/52 - 21.0 - 771 -5.81 -35.70 - - -
O.Tagmout - 26.5 - 596 -5.71 - - - -
A.bouSetta - 21.0 - 625 -4.73 | -28.30 - - -
1319/52 - 19.5 - 815 -597 | -35.70 - - -
1317/52 - 21.0 - 952 -5.65 | -35.30 - - -
141/52 - 20.5 - 920 -5.52 | -30.90 - - -
681/52 - 210 - 528 -529 | -28.90 - - -
Campaign of 2007

1503/52 20 20.8 6.9 2092 -539 | -31.39 1.3 -104 674
ES02 75.0 220 7.28 2600 -4.71 -26.57 0.4 - -
75/52 6.2 200 7.24 1500 -543 | 3142 19 - -
605/52 1.7 17.4 7.5 998 -5.69 | -32.67 34 - -
648/52 320 21.9 7.39 1065 -5.68 | -33.32 1.7 -10.8 60.5
1112/52 345 213 7.69 994 -532 | -31.57 20 - -
105/52 - 17.4 7.64 3880 -543 | -3432 0.4 - -
776/52 52 18.3 7.6 1600 -5.59 | -34.23 - - -
1699/52 - 21.5 7.11 2750 -5.88 | -35.71 - -5.1 86.0
883/52 245 26.6 6.9 2500 -6.21 -38.37 - -14 599
89/52 7.5 22.8 6.9 2800 -4.70 | 2454 - - -
54/52 - 222 6.75 3100 -481 | -27.57 038 -85 744
89./52 - 248 6.65 2700 -490 | -27.89 - 92 67.7
874/52 84 244 7.35 2540 -3.82 | -20.69 - - -
612/52 25.0 22.2 7.35 2970 -420 | -23.69 - - -
1576/52 - 232 7.8 900 -529 | -29.13 02 - -
ES34 70 22.1 7.1 1900 -5.63 | -35.14 0.8 - -
ES35 - 264 7.65 3740 -548 | -34.26 - - -
ES36 88.0 250 74 1220 -525 | -29.76 - - -
1871/52 - 26.2 7 2300 -490 | -2887 - - -
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Depth/soil T pH EC o0 O’H ‘H oBC 14C
Sample

m °C ps/em %0 vs SMOW TU %o pmc
1415/52 29.6 244 7.15 966 -5.23 -28.59 09 - -

ES28 950 25.8 7.1 1400 -452 | 2232 - -89 27.0
72/52 6.0 235 7.35 1500 -4.31 -27.39 - - -

677/52 2.7 22.8 7.1 1500 -5.10 | -3091 1.8 -10.3 61.0
1690/52 90.0 244 6.9 1450 -5.18 -31.13 32 - -

2099/52 9.5 24.6 7.15 1232 -5.54 | -30.59 - 9.5 60.7

ES65 33 29.5 6.85 1810 -5.38 -31.81 1.6 -8.6 48.3

Campaign of 2016

54/43 - 232 7.1 3100 -27.8 -5 0.7 - -
75152 15.0 18.5 7.7 2050 -28.40 -4.89 0.7 - -
89/52 10.7 212 74 1933 -26.80 -4.88 0.7 - -
105/52 1.5 20.2 7.6 3950 -30.00 -4.49 04 - -
612/52 27.0 20.8 73 3150 -23.70 -4.63 1.0 - -
648/52 36.5 22.1 73 1249 -34.50 -5.52 0.0 - -
776/52 15.1 19.2 74 1300 -34.10 -5.73 0.7 - -
874/52 12.6 230 73 4150 -24.30 -4.61 0.6 - -
883/43 335 24.0 72 2550 -28.70 -5.08 0.0 - -
1112/52 35.0 21.0 7.8 1188 -34.40 -5.16 0.8 - -
1503/52 200 234 7.1 2550 -30.70 -5.35 0.2 - -
1699/52 25.7 20.7 7.7 1800 -30.50 -5.35 09 - -
1871/52 - 23.7 7.1 1800 | -28.80 | -5.50 02 - -
030 139 19.5 72 2190 -31.90 -4.83 1.5 - -
032 15.6 204 72 1590 | -32.80 | -4.72 0.0 - -
035 23.8 19.8 75 803 -28.80 -4.63 0.6 - -
045 6.0 18.0 75 3250 | -21.20 | -3.28 0.0 - -
046 84 22.1 6.9 3050 -32.90 -6.01 0.5 - -
048 31.6 20.9 75 1883 | -27.60 | -5.06 2.1 - -
049 253 233 74 1894 -24.20 -4.34 1.2 - -
051 50.1 22.1 72 2020 | -22.70 | -4.58 0.7 - -
056 9.0 20.5 74 4450 -20.20 -3.90 0.6 - -
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Depth/soil T pH EC o0 O’H ‘H oBC 14C
Sample
m °C ps/em %0 vs SMOW TU Yoo pme
Plio-Quaternary Aquifer
Campaign of 1996
11/51 - - - - -2.87 - - - -
15/51 - - - - -3.70 - - - -
20/51 - - - - -421 - - - -
21/51 - 21.7 7.1 5170 -505 | -26.80 - - -
272/51 - 20.6 7.7 1660 -4.70 | -30.30 - - -
327/51 - 222 72 1110 -455 | -26.20 - - -
Wadi - - - - -335 | -22.10 - - -
Campaign of 2004
149/51 36 23 7.3 3280 -3.70 | -22.00 02 - -
132/51 262 19 8.5 1260 -3.70 | -18.00 - - -
MO8 84 22 73 2330 -4.00 | -24.00 1.1 - -
15/51 5 19 75 3240 -3.80 | -17.00 - - -
11/51 3 22 73 1940 -340 | -17.00 - - -
21/51 62.6 22 7.1 6940 -450 | -24.00 - - -
380/51 75 22 8.1 2180 -460 | -27.00 09 - -
327/51 21.1 23 7.6 2390 -4.00 | -21.00 - - -
27/51 28 23 75 798 -490 | -28.00 - - -
M24 174 28 7.5 4660 -450 | -25.00 - - -
28/51 177 23 8 1080 -490 | -24.00 - - -
140/51 8.5 24 6.8 2010 -4.60 | -29.00 - - -
148/51 14 20 74 1590 -4.10 | -24.00 - - -
389/51 64 24 74 4600 -330 | -22.00 - - -
134/51 37 23 75 3040 -430 | -24.00 - - -
53/51 61 22 73 1490 -3.70 | -28.00 - - -
93/51 70 23 74 1750 -440 | -26.00 - - -
puits particul 87.5 21 72 1890 -2.50 | -24.00 - - -
272/51 36 21 74 2000 -290 | -23.00 42 - -
Wadi upstream - 26 8.8 1840 -220 | -24.00 - - -
Wadi downstream - 21 8 2160 -3.10 | -12.00 - - -
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Depth/soil T pH EC o0 O’H ‘H oBC 14C
Sample
m °C ps/em %0 vs SMOW TU %o pmc
Campaign of 2006
149/51 - - - - =379 | -19.20 35 - -
M98 - - - - -4.56 | -24.20 44 - -
15/51 - - - - -3.87 | -19.30 32 - -
nov-51 - - - - -3.50 | -14.90 2.8 - -
21/51 - - - - -4.51 | -26.20 <2 - -
327/51 - - - - -4.11 | -21.30 42 - -
27/51 - - - - -4.55 | -22.90 <2 - -
28/51 - - - - -4.50 | -22.70 2.6 - -
M24 - - - - -4.34 | -23.50 2 - -
148/51 - - - - -3.82 | -20.70 32 - -
272/51 - - - - -3.72 | -20.30 <2 - -
380/51 - - - - -4.56 | -23.60 2.7 - -
93/51 - - - - -4.33 | -22.30 <2 - -
z\;i‘vl:lstream - - - - 357 | <1900 | - - -
Campaign of 2007
457/51 - 27.0 7.7 1930 -479 | -28.12
829/51 - 20.0 7.5 547 -546 | -27.83 34 - -
327/51 - 24.0 7.1 2270 -478 | -24.69 - - -
128/51 - 220 72 1700 -453 | -27.02 20 72.1 -84
Privé - 24.0 6.9 2430 -5.59 | -32.79 1.7 424 -1.7
389/51 - 249 72 4670 =377 | 2127 - 70.9 -6.3
Campaign of 2018
11/51 4.1 17.6 84 9744 -1.80 -8.90 - - -
15/51 8.1 19.8 7.8 1557 -4.50 | -23.00 - - -
21/51 28.06 233 74 4933 -4.70 | -26.10 - - -
27/51 30.75 222 7.8 916 -500 | -25.50 - - -
105/51 114 22.7 75 2187 -2.60 | -19.60 - - -
125/51 57.03 26.3 8 2716 -390 | -25.20 - - -
148/51 14.5 212 75 1602 -3.30 | -18.70 - - -
149/51 377 23.1 74 3482 -3.70 | -22.50 - - -
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Depth/soil T pH EC o0 O’H ‘H oBC 14C
Sample
m °C ps/em %0 vs SMOW TU Yoo pme

272/51 28.6 22 75 1957 -440 | -29.10 - - -
327/51 274 219 7.7 3608 -290 | -14.60 - - -
02 843 252 79 1960 -4.50 | -24.50 - - -
06 159 21.7 73 2176 -4.20 | -27.20 - - -
o8 - 20.5 79 2731 -4.80 | -29.70 - - -
091 40 232 7.6 3034 -4.30 | -24.80 - - -
09%4 45 20.7 74 3408 -3.70 | -21.50 - - -
096 6.7 20.7 8.1 1842 -3.70 | -18.70 - - -
0111 322 23.6 72 2794 -440 | -25.10 - - -
0113 164 21.3 8.1 6716 -420 | -22.50 - - -
098 - 20.7 82 1896 -0.70 -9.60 - - -
099 - 258 8.7 2965 -1.70 | -15.90 - - -

Turonian Aquifer

Campaign of 1996
65/51 - 225 7.5 2870 -405 | -24.70 - - -
380/51 - 26.1 75 2280 -525 | -30.60 - - -
386/51 - 232 7.6 1828 -490 | -28.90 - - -
390/51 - 26.7 74 1995 -5.10 | -29.00 - - -
MO8 - 220 7.6 2380 -500 | -28.80 - - -
Wadi - - - - -335 | -22.10 - - -

Campaign of 2004
386/51 30 17 7.7 2240 -4.00 - 25 - -
363/51 60 20 7.7 2410 -4.50 - 1.2 - -
157/51 - 24 74 1950 -4.50 - - - -
390/51 262 28 72 1820 -4.10 - 2 - -
346/51 26 27 72 1950 -4.20 - 1.5 - -

Campaign of 2006
386/51 - - - - -4.17 | -22.20 20 - -
363/51 - - - - -455 | -26.80 2.1 - -
390/51 - - - - -437 | -25.80 20 - -
346/51 - - - - -4.17 | 2140 38 - -
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Depth/soil T pH EC o0 O’H ‘H oBC 14C
Sample
m °C ps/em %0 vs SMOW TU %o pme
Campaign of 2007
380/51 - 26.0 7.6 2530 502 | -27.34 0.0 -
346/51 - 27.0 6.8 1920 -4.60 | -26.33 1.0 -
Campaign of 2018
M98 - 232 72 2699 -4.50 | -28.00 - -
346/51 - 27.1 7.3 1967 -4.40 -28.00 - -
380/51 - 215 79 2428 -5.00 -28.60 - -
386/51 - 223 7.8 2638 -4.90 -27.30 - -
Table 2

Initial activity of carbon-14 (A ) and radiocarbon age of groundwater of the
Cenomanian-Turonian, the Plio-Quaternary and the Turonian aquifers within
Essaouira basin

oilC 1“4C A Age
Sample S L
%o pcm year
Cenomanian-Turonien Aquifer
1503/52 -10.44 67.43 76.1 1001
648/52 -10.82 60.5 78.9 2193.7
1699/52 -5.12 86 37.3 actual
883/52 -7.41 59.85 54 actual
54/52 -8.45 74.36 61.6 actual
89/52 -9.18 67.65 66.9 actual
677/52 -10.29 60.97 75 1714.5
ES28 -8.87 27.03 64.7 7211.5
ES65 -8.57 48.26 62.5 2135.09
Plio-Quaternary Aquifer
128/51 -8.4 72.07 61.24 actual
privé -1.7 42.37 56.13 2326
389/51 -6.3 70.93 45.93 actual
Turonian Aquifer
65/51 -9.8 88.9 71.45 actual
390/51 -9.4 32.5 68.53 6168
386/51 -10.3 84.8 75.1 actual
M98 93 79.6 67.8 actual




Seawater intrusion into coastal aquifers
in semi-arid environments, Case study of the alluvial
aquifer of Essaouira basin

1. Introduction

The populations density in coastal zones, almost 70% of the world population lives
in coastal zones (Bear et al. 1999). The groundwater overexploitation, the proximity
to seawater and climate change cause qualitative and quantitative degradation of
groundwater in these areas (Bahir et al. 2016, 2018a; Carreira et al. 2018; Hamed
et al. 2018; Ouhamdouch et al. 2018, 2020; Farid et al. 2013). The marine intrusion
phenomenon is closely linked to the geographical context (i.e. sea proximity). It
remains one of the major problems impacting groundwater in several coastal aquifers
around the world (Custodio 1997). It is defined as the temporary or permanent
migration of saltwater into the freshwater of the aquifer following a decline in the
piezometric level and/or a rise in sea level.

Generally, two main factors can cause a seawater advance in coastal aquifers; a
natural factor and an anthropogenic factor. The natural factor corresponds to the rise
in sea level since the Holocene (Edmunds and Milne 2001; Vella et al. 2005). The
aquifers set up before the sea level rose (quaternary glaciation period) have been
invaded by the sea; marine waters have entered aquifers. After the sea level stabilized,
aquifers with strong hydraulic gradients were able to push marine waters, on the other
hand, aquifers which have a weak hydraulic gradient, could not repel marine intrusion
(Edmunds and Milne 2001; Custodio 2002; Post 2004).

The anthropogenic factor is caused by intensive pumping into aquifers.
Overexploitation occurs when groundwater withdrawals are greater than recharge,
which causes a lowering in the piezometric level and therefore in the hydraulic
gradient. According to Custodio (2002), the marine intrusion degree depends on the
hydrogeological parameters of the aquifer (such as geometry, permeability, hydraulic
gradient...). However, the importance of marine intrusion varies widely from place to
place. Good hydrogeological knowledge will enhance the understanding of aquifers
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and a rational and good management of the aquifer will allow wise exploitation
avoiding or limiting saline intrusion.

In North Africa, this phenomenon has been studied in several aquifers and
has reached 60 km inland (Sherif et al. 1999), according to studies based on the
piezometric approach, hydraulic, geometric and transport parameters of the aquifer,
numerical models, and taking into account climate variability. According to Paniconi
et al. (2001), and by examination of the interplay between pumping regimes and
recharge scenarios and their effect on the saline water distribution, the coastal aquifer
of Korba (Tunisia) has experienced saltwater intrusion since 1970. In Libya, the
intrusion increased steadily from 1960 to 2005 (EI hassadi 2008) and this extends up
to 10 km from the coast of Gefara plain in Tripoli by adopting the hydrogeochemistry
approach and applying a two-stage finite element simulation algorithm (Sadeg and
Karahanoglu 2001). On the Algerian coast, the work of Morsli et al. (2007) and
Belkhiri et al. (2012) highlighted the presence of a marine intrusion in this sector by
using multivariable statistical and geochemical modeling techniques.

Moroccan coastal aquifers are also submitted to saltwater intrusion phenomenon.
The Saidia sandy aquifer located in the extreme northeast of the country is experiencing
a marine intrusion demonstrated by electrical and logging soundings (El Halimi et al.
1999). In the Temara-Rabat region enclosing an aquifer system that contains marine
deposits, a marine intrusion was identified by Pulidoschoch et al. (1999). Further
south of the country, the Sahel of Doukkala Abda experienced deterioration in the
groundwater quality attributed to marine intrusion (Fadili et al. 2012; Kaid Rassou et
al. 2005).

To continue the study of marine intrusion along the Moroccan Atlantic coast, we
took the shallow Pli-Quaternary aquifer of Essaouira basin as an example. To achieve
the objective of this study, we adopted hydrogeochemical and isotopic approaches.

Geographically, the aquifer studied is located on the Moroccan Atlantic coast
between latitude 31° 24 and 31° 49’ N, longitude 9° 52’ and 9° 85° W. Its eastern
limit is represented by the Triassic outcrops (Tidzi diapir) while its western limit
is represented by the Atlantic Ocean (Fig. 1). The study area is characterized by a
semi-arid climate with an average annual rainfall of 300 mm and an average annual
temperature of 20 °C (Ouhamdouch and Bahir 2017). According to Ouhamdouch et al.
2020, the annual precipitation within the study area presents a decrease of 12 to 16%
accompanied by an increase in temperatures with significant warming from 1.2 °C to
2.3 °C. This decline in precipitation and an increase in temperature caused a decline
in the piezometric level and deterioration in the groundwater quality of the study
area. Geologically, the shallow aquifer is hosted in sandstones and conglomerates,
with some sandy marl, limestone, and dolomite (Fig. 1). This aquifer whose thickness
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varies between 5 and 60 m, rests on the impermeable gypsiferous and siliceous marls
of the Senonian (200 m) (Bahir et al. 2000). According to Mennani (2001) this shallow
aquifer presents permeability varying between 0.27 to 132 m/d and transmissivity
variying between 4.5 x 10 to 6.02 x 10 m?%s. The highest values are presented
near the Ksob wadi (recharge area). The piezometric map shows a flow direction
from the South East towards North West with a hydraulic gradient varying between
1.2% (downstream part) and 2.5% (upstream part). The groundwater flow direction is
conditioned by the substratum geometry of the aquifer.

Figure 1
Location and geological map of study area
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2. Material and methods

A total of 26 samples reprinting the groundwater of the shallow aquifer of
Essaouira basin were analysed for chemical and isotopic content. 24 samples are
reserved for groundwater, 1 for rainfall, and 1 for seawater. The measurements of
electrical conductivity (EC), pH and temperature (T) were performed on-field using
HI-9829 Multiparametric Instrument. A 200 m probe was used to measure the depth of
the water table. The water samples were taken after pumping for 15-20 min to obtain
representative values under ambient aquifer conditions. Samples are collected in clean
polyethylene bottle of 500 mL and then stored at a temperature below 6 °C before
analysis in the laboratory.

Chemical element analysis was done at Laboratory of Geosciences and
Environment-ENS of the Ecole Normale Superieure of Marrakech (Morocco). The
contents of Chloride (Cl) and sulfate (SO4) anions were determined to adopt the Mohr
technique and the nephelometric technique, respectively. Ca and Mg concentrations
were determined using the EDTA titrimetric method. Na and K were measured
by flame spectrometry. HCO3 and CO3 contents were analysed by titration using
0.1 M HCI acid. As for Bromide concentration, it was measured using Mettler Toledo
SevenCompact meter. The ionic balance for all samples was within + 10%.

Stable isotope composition of the groundwater samples was determined at the
Laboratory of Radio Analyses and Environment in the National School of Engineers
of Sfax (Tunisia), using the laser absorption spectrometer LGR DLT 100 (Penna et al.
2010) with a measurement uncertainty of + 0.1%o for 880 and + 1%o for 6H. The
results are reported in delta value expressed in %o versus SMOW.

The obtained results are grouped in Table 1.

3. Results and discussion

3.1. Chemical Facies

The Piper diagram (Piper 1944) is a diagram for determining the water chemical
facies. It corresponds to a rhombic representation based on the percentages of the
major elements of water whose concentrations expressed in meq/l. According to
Freeze and Cherry (1979), the process consists of raising the percentage of each
element to two equilateral triangles, the first for the anions and the second for the
cations. The projection of the samples analyzed on the Piper diagram (Fig. 2) shows
that the groundwater of the shallow aquifer of the Essaouira basin is of two types;
Cl-Ca-Mg (64%) and CI-Na type (36%). This transition from one facies to other
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highlights the complexity of the hydrogeochemical processes contributing to the
groundwater mineralization of this aquifer.

3.2. Ionics ratio

To highlight the contribution of marine intrusion in groundwater salinization of the
Plio-Quaternary of Essaouira basin, we integrated some ionic relationships, the trace
element “bromide” and the stable isotopes of the analysed samples.

Figure 2
Piper Diagram of analysed samples
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3.2.1. Na/Cl couple

The Na/Cl ratio is an indicator of marine influence. In the case of a marine
intrusion or during the early stages of salinization, this ratio is usually lower than the
marine values (0.86, molar ratio) (Bouderbala 2015; Jones et al. 1999; Pulido-Lebouef
et al. 2003; Telahigue et al. 2018, 2020). The low Na/Cl ratio under seawater intrusion
conditions can be distinguished from a Na/Cl ratio greater than 1, which generally
characterizes anthropogenic sources such as domestic wastewater (Bear and Cheng
2010).

Table 2 shows that the EC has a significant positive correlation with Cl, Na,
Ca, Mg, K, Br, and SO4 ions reflecting the contribution of these elements in the
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groundwater mineralization. With the exception of HCO3, the Cl are very positively
correlated with Na, Ca, Mg, K, Br, and SO4. This reflects that the groundwater
mineralization is controlled by evaporates dissolution, evaporation phenomenon, and
seawater contamination. This hypothesis is corroborated by negative values of the
saturation indices with respect to halite, anhydrite and gypsum (Table 1) and by the
Gibbs diagrams (Gibbs 1970) where the predominant samples fall in the rock-water
interaction field and evaporation dominance field (Fig. 3). The positive correlation
close to 1 is marked between Na and Cl and between Cl and Br, this suggests that
some samples are contaminated by seawater.

Figure 3
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Chloride considered as a conservative element is strongly correlated with sodium
for water samples of the shallow aquifer of the Essaouira basin (r? = 0.99) (Fig. 4,
Table 2). Even for samples far from the sea, the Na/Cl molar ratio does not differ
significantly from that of seawater (example of well 15/51), and therefore remains
insufficient for a real distinction of the origin of the waters nor between the dissolution
of the evaporitic formations, which cause high concentrations of Na and CI. However,
for this coastal aquifer, the presence of the sea near permeable sandy formations can
defend in favor of a possible advance of the salt bevel in certain places of the aquifer
and can explain the origin of the high concentrations of these elements. Also, the
increase in Cl contents can be caused by the dissolution of marine aerosols carried by
the wind.

Herein, the average Na/Cl molar ratio is 0.7 with a minimum of 0.4 and a
maximum of 1.2. This average is close to that of seawater (0.86) (Jones et al. 1999),
which suggests that the Plio-Quaternary aquifer is contaminated in certain places by
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seawater, especially at the point where the CI contents exceed 70 meq/l with a molar
ratio equal to 0.7, in particular, the samples 11/51, 45/51, 149/51, 094, and O114.

Figure 4
Correlation diagram (a) Na/Cl vs Cl and (b) Na vs ClI of analysed samples
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3.2.2. Ca/Mg couple

One of the most visible features of seawater intrusion is the enrichment of Calcium
concerning its concentration in seawater. The Mg/Ca ratio can be used as one of the
natural tracers of marine intrusion phenomenon into coastal aquifers (Bouderbala
2015; Pulido-Lebouef et al. 2003; Telahigue et al. 2018, 2020). This ratio increases
as a function of the proportion of the marine water in the mixture which the salinity
is represented by the chloride concentrations (Pulido-Lebouef et al. 2003) because
seawater is characterized by a Ca/Mg ratio of 0.2 and freshwater by a ratio greater
than 1. However, it should be noted, that this saline water with a high calcium
concentration can be caused by a different mechanism, not necessarily related to the
cation exchange phenomenon (Jones et al. 1999). The Ca/Mg ratio decreases as a
function of the seawater proportion introduced into the mixture.

In this case study, the ratio also decreases depending on the chloride content. by
comparing, for example, point 27/51 (the least mineralized sample) and point 11/51 (the
most mineralized sample); there is a very clear decrease in the Ca/Mg ratio accompanied
by an increase in the Cl contents (Fig. 5a). This could, once again, show a marine origin
of the mineralization, in particular at the well 11/51 45/51, 149/51, 094 and O114
whose ratio is close to that of seawater with grades high in CI. For the samples having
the Ca/Mg greater than 1, seawater intrusion cannot be implicated in the mineralization,
so another hydrochemical process, probably related to water—rock interaction must be
involved such as bases exchange phenomenon, with the release of Ca present in the
aquifer matrix and adsorption of Na from the solution (Gimenez et al. 2010).
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3.2.3. SO4/CI couple

According to Pulido-Lebouef et al. (2003), the SO4/Cl ratio can be used as natural
tracers of marine intrusion phenomenon in coastal aquifers. This ratio decreases when
the seawater proportion in the mixture increases (Bouderbala 2015; Pulido-Lebouef et
al. 2003; Pulido-Lebouef et al. 2003; Telahigue et al. 2018, 2020;Tellam and Lloyd
1986).

For the shallow aquifer of the Essaouira basin, all the samples have a SO4/Cl
ratio of less than 1, suggesting the dominance of chlorides over sulfates (Fig. 5b).
The SO4/Cl ratio for the analysed samples varies from 0.02 to 0.37 and the majority
of the samples have SO4/Cl ratio greater than that of the seawater sample (0.1)
(Fig. 4b). This indicates the mixing between seawater and freshwater. The enrichment
of these samples with SO4 suggests other sources, such as the gypsum and Anhydrite
dissolution (Table 1). The samples 11/51 45/51, 149/51, 094 and O114 show a weak
SO4/Cl ratio accompanied by high Cl contents, indicating that the increase in salinity
in these wells is mainly caused by the intrusion of seawater and confirms the results
obtained by the Na/Cl and Ca/Mg ratios.

Figure 5
Correlation diagram (a) Ca/Mg vs Cl and (b) SO4/CI vs Cl of analysed samples
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3.2.4. Br/Cl couple

Bromide is considered a reliable indicator of the marine intrusion phenomenon
(Kim et al. 2003; De Montety et al. 2008; Telahigue et al. 2018, 2020). Like chloride,
bromide is a conservative element and does not react with the aquifer matrix except
in the case where there is a significant presence of organic matter (Davis et al. 1998).
Indeed, these two conservative elements make it possible to obtain ideas on the
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origin of the solutions and/or the identification of possible contributions of marine
water, because their concentrations are neither influenced by the redox processes
nor controlled by the low solubility minerals (Fedrigoni et al. 2001). Following an
extremely long residence time of bromides and chlorides in oceanic masses, the Br/
Cl ratio of current seawater is relatively constant (between 1.5 and 1.7x10-3) (Kim
et al. 2003; De Montety et al. 2008). This relationship also remains constant if these
two elements have a common origin. However, seawater is distinguished from relics
of evaporated seawater or hypersaline waters (Starinsky et al. 1983), products of
evaporite formations dissolution and anthropogenic sources, such as wastewater
effluents (Vengosh et al. 1998) or the return of irrigation water.

During the evaporation of seawater, the Br/Cl ratio remains fixed until the start of
the halite precipitation.

When the halite precipitates, the solution becomes richer in bromide, which leads
to an increase in the Br/Cl ratio (Ben Hamouda et al. 2011). However, the Br/CI ratio
of residual brine continues to increase as the amount of precipitated halite increases.
This means that a solution resulting from a simple concentration of seawater before
halite saturation will have a Br/Cl ratio equal to that of seawater. On the other hand,
more concentrated brine having passed the halite precipitation phase will have a higher
Br/Cl ratio than that of seawater. So, freshwater dissolving halite until saturation will
display a Br/ClI ratio lower than that of seawater knowing that primary halite is the
only chlorinated salt to have a Br/Cl ratio lower than that of seawater. While a mixture
of freshwater and brine that has passed the halite precipitation phase will have a higher
Br1/Cl ratio than that of the marine ratio.

The Br vs ClI correlation diagram (Fig. 6a) shows a strong positive correlation
(12 = 0.99) between these two ions. This suggests that bromides and chlorides have the
same origin. On the Br/Cl diagram as a function of Cl (Fig. 6b) the samples 11/51,
45/51, 149/51, 094, and O114 is in the field of dilution of seawater with a Br/Cl ratio
of between 1.5 and 1.7, reflecting a marine origin of salinity. The increase in bromide
contents in some wells with a Br/Cl molar ratio greater than that of seawater can be
explained by the fact that these wells were abandoned more than a decade ago and
that they are very far from the recharge zone and this favors the formation of brines
that have passed the halite precipitation phase. The rest of the points have lower molar
ratios than that of seawater, indicating that these points are outside the phenomenon
of marine intrusion and therefore the existence of another source of salinization (such
as salts dissolution).



154

Facing Global Warming for Water Resources in Semi Arid Areas

Figure 6
Correlation diagram (a) Br vs Cl and (b) Br/Cl vs Cl of analysed samples
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The isotopic tool is a complement to determine the groundwater origin, the area,
and the recharge mode of aquifers. Also, it highlights the processes that can affect a
water molecule (Geyh 2000). For the study area, the oxygen-18 contents vary between
-1.83 and -5.02%0 vs SMOW with an average of -3.66%c vs SMOW, while the
deuterium contents oscillate between -8.92 and 29.71 %c vs SMOW with an average of
-20.60 %0 vs SMOW (Fig. 7, Table 1).

Figure 7

Correlation diagram 62H vs 8'*0 of analysed samples
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The frequency histograms of the Figure 8a show that 45% of the analyzed samples
are characterized by oxygen-18 contents between -5 and -4 % vs SMOW, 25% have
contents between -3 and -2%0 vs SMOW, 20% have contents vary between -4 and
-3%0 vs SMOW, while the ranges of values between -6 and -5%¢ vs SMOW and
between -2 and -1 %o vs SMOW are represented by 5% each one of the total samples.
As for deuterium, the frequency histograms (Fig. 8b) show that 35% of the analyzed
samples have contents vary between -25 et -30%0 vs SMOW, 25% have the values vary
between -15 and -10%0 vs SMOW, 20% have the contents oscillate between -25 and
-20%o vs SMO. The range of contents between -20 et -15 %0 vs SMOW is represented
by 15% of the samples analyzed, while the range of values between -10 and -5 %o
vs SMOW is represented by 5% of the total of the analyzed samples. From these
frequencies, we see that the study area contains two types of water; waters depleted
in stable isotopes and waters rich in these elements. This reflects that the groundwater
has probably been subjected to phenomena leading to enrichment in stable isotopes
such as evaporation and/or marine intrusion.

Figure 8

Frequency distribution of oxygen-18 and deuterium contents
in the waters of analysed samples

50 - 40 -

s 1 (a) 35 { (b)

40 1 30
g 35 ] g 25 -
Ehy g
§ 25 - @ 20
Z 20 - Z
@ 15 -
@ 15 g

e 10

5 5 1

o ~+
J1-2)  J2-3] 13.-4] ]4.-5] 15.6] ]-5.-10] ]-10.-15] ]-15.-20] ]-20.-25] }-25.-30]
520 ( %o vs SMOW) 52H ( %o vs SMOW)

The distribution of representative samples of the Plio-Quaternary and Turonian
aquifers (campaign of 2018) on the correlation diagram &*H vs 0"O (Fig. 7),
makes it possible to define the main phenomena involved in the hydrodynamic and
geochemical functioning of aquifers. This diagram shows that the majority of the
points are scattered around the GMWL (Craig 1961) and LMWL (Mennani et al.
2001), which means that the current recharge of the Plio-Quaternary aquifer is ensured
by direct infiltration of rainfall of oceanic origin, in particular for the points located
near the Ksob wadi.



156 Facing Global Warming for Water Resources in Semi Arid Areas

The majority of the points are scattered around the GMWL and LMWL lines
reflecting a recharge by infiltration of rainwater of Atlantic origin. This recharge
results in the decrease in the salinity in these wells (in particular well 27/51 which has
a low electrical conductivity. This well is the closest to the freshwater pole (rainwater).

Other water points are distinguished by their position below the GMWL, they line
up along a line with a slope less than 8 characteristics of the evaporation phenomenon.
This last process mainly concerns the wells O6, 105/51, 125/51, 272/51, and 327/51
located respectively in the northeast and south part of the aquifer. Evaporation
can probably take place before water infiltration, in the unsaturated zone or during
sampling. The Freshwater-Seawater line is drawn up taking the isotopic signature of
rainwater and that of seawater from the Atlantic Ocean (Carreira et al. 2014).

Some other points are located below the LMWL with more enriched isotopic
compositions, notably 11/51, 45/51, 149/51, 094, and O114 reflecting the intervention
of another phenomenon in the groundwater mineralization, such as evaporation and
marine effect. These samples are located between the “rainfall” and “marine” poles;
this suggests the advancement of seawater in the aquifer studied at these places.

The combined use of the chloride and oxygen-18 content makes it possible
to support the results obtained previously. Indeed, the Cl versus 0O diagram
(Fig. 9) shows that the groundwater in the study area is dominated by the processes of
evaporitic formations dissolution and by the marine intrusion by location.

Figure 9
Correlation diagram Cl vs 0180 of analysed samples
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3.3. Estimate of mixture with seawater

The highest Cl contents are observed at sample 11/51 (89.1 meq/l) at Cap Sim and
at point 45/51 (81.5 meq/l) towards the North. Other CI contents vary between 70 and
80 meq/l characterize the samples O114 (75.3 meq/l), 149/51 (74.4 meq/l), 094 (72.5
meq/l). The rest of the samples have CI concentrations varying between 2.8 and 38.3
meq/l. Considering the average content of this element for the Plio-Quaternary aquifer
(average of samples with EC <1000 ps/cm) and the seawater content, respectively 2.8
and 545.9 meq/l, a mass balance of chlorides allows the calculation of the mixing rate
(F) with seawater, for each sample affected by the intrusion.

This mixing rate can be estimated based on the equation (1) (Abou Zakhem and
Hafez 2007):

C]sam e _[C1 reas ]
F(%) - [ [ClseZ;—][lerZash]h Xloo (1)

With:
F corresponds to the seawater fraction.
Clsample corresponds to the concentration of chlorides in the water sampled.

Clfreash corresponds to the concentration of chlorides in fresh groundwater. For
our case, the average chloride concentrations of wells with electrical conductivity
values less than 1000 us/cm were used as Cl concentrations. Clgea corresponds to the
concentration of chlorides in seawater.

The mixing rates calculated vary from O to 15.9% (Fig. 10). The highest values
are estimated for the samples 11/51 (15.9 %), 45/51 (14.5%), 149/51 (13.2%), O114
(13.3%) and 094 (12.8%). while the rest of the samples present mixing rates vary
between 0 and 6.5%. The high values are scattered along the coast (Fig. 10) reflecting
an advancement of the seawater frond in the aquifer. The average width of this
advancement is of the order of 2 km. This contamination is probably due to the decline
in the piezometric level following the decrease in precipitation over the past decades
in the study area (Ouhamdouch et al. 2018) and the rise in sea level caused by global
warming (GIEC 2013).
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Figure 10
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4. Conclusion

The crossing of the different results obtained by the hydrogeochemical and isotopic
approaches such as the couples (Na, Cl), (Ca, Mg), (Br, Cl), (62H, 8'30), (6"*0, CI)
provide clearer information on the origin of the groundwater salinization in the study
area.

The ionic ratios Br/Cl = 1.5 to 1.7%o, Na/Cl close to 0.86, Mg/Ca and SO4/Cl weak
showed that the seawater begins to invade the freshwater of the Plio-quaternary aquifer
of Essaouira basin. This intrusion demonstrated by ionic ratios and corroborated by
stable isotopes and the combined use of oxygen-18 contents and chlorides has a mixing
rate of 15.9% at the well 11/51, 14.5% at the sample 45/51, 13.2% at the well 149/51,
13.3% at point O114 and 12.8% at the well O94. These high rates are dispersed along
the coast with the advancement of the saline frond on the order of 2 km. However,
this intrusion is probably caused by the decline in the piezometric level following the
decrease in precipitation over the last decades in the study area and by the rise in sea
level due to the climate change.
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Table 2
Correlation matrix for the analyzed parameters
EC Ca Mg Na K HCO, Cl SO, NO, Br
EC 1

Ca 0.90 1

Mg | 092 | 080 | 1

Na 0.96 | 0.83 | 0.90 1

K 0.92 | 0.81 0.87 | 0.94 1

HCO, | -0.54 | -0.58 | -0.48 | -0.52 | -0.45 1

Cl 098 | 0.88 | 092 | 0.99 | 0.94 | -0.55 1

SO 0.74 | 0.66 | 0.66 | 0.73 0.56 | -0.51 | 0.74 1

NO 052 | 042 | 0.67 | 0.63 | 0.64 | -0.29 | 0.58 | 0.23 1

Br 097 | 082 | 0.88 | 097 | 095 | -0.80 | 0.99 | 0.61 0.51 1




Conclusions and perspectives

The combination of climatic, hydrological, hydrogeological, hydrochemical, and
isotopic tools to study the groundwater resource in the Essaouira basin has enabled
a better understanding of the behavior of the water resource of the Essaouira basin
facing climate change.

The analysis of annual precipitation, using Nicholson rainfall index graphical
method and statistical tests, shows a decrease in precipitation of 12 to 16%. This
decrease is accompanied by an increase in temperatures and evapotranspiration with
very significant warming of 1.2°C in the downstream part and 2.3°C in the upstream
part of the basin.

The study of the flow evolution shows also trends similar to those of precipitation
and this deficit becomes larger after the famous wet year of 1995/96. The projection
of the climate and hydrometry within the Essaouira basin by the middle of the
21% century shows an upward trend in temperatures under the two scenarios RCP4.5
and 8.5 with a warming of 0,5°C. As for precipitation, it shows a downward and
upward trend under the RCPs4.5 and 8.5 scenarios with a deficit of 17.3 and an excess
of 21%, respectively. Future flows also show a trend similar to that of precipitation.
However, climate change in the study area has a negative impact on the precipitation
cycle, including on the entire water resource.

The piezometric study showed that the Cenomano-Turonian, Plio-Quaternary,
Barremian-Aptian and Hauterivian aquifers kept the direction of flow of their
groundwater, and this during the study period. Monitoring of piezometry, over 24 years
(1995-2019) for the Cenomano-Turonian aquifer, 29 years (1990-2019) for the Plio-
Quaternary aquifer, and 43 years (1976-2019) for the Barremian-Aptien and Hauterivian
aquifers shows a continuous drop in the piezometric altitude which exceeds 12m for
the Cenomano-Turonian aquifer, 17m in certain areas for the Plio-Quaternary aquifer,
around 8 m for the aquifer Barremian-Aptian, and 5 m for the Hauterivian.

The general decline in the piezometric altitude could be explained by the decrease
in precipitation due to the effect of climate change. This drawdown would undoubtedly
lead to the groundwater qualitative degradation.
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The hydrogeochemical study showed that the groundwater of the Cenomanian-
Turonian aquifer presents the Cl-Ca-Mg, CI-Ca, CI-Na, and HCO3-Ca mix facies with
the dominance of the Cl-Ca-Mg mix facies, and Cl-Ca. The study of the temporal
evolution of these facies shows that there has been no remarkable change. The
groundwater of the Plio-Quaternary and Turonian aquifers are of mixed type between
Cl-Na and CI-Ca-Mg. The chemical facies experienced a slight evolution from the Cl-
Na facies to the CI-Na and Cl-Ca-Mg facies for the Plio-Quaternary aquifer and from
the Cl-Na facies to the Cl-Ca-Mg facies for the Turonian aquifer. As for the Barremian-
Aptian and Hauterivian aquifers, they generally have three types of chemical facies:
CI-Na, Cl-Ca-Mg, and HCO3-Ca-Mg, with the dominance of the Cl-Ca-Mg facies. For
the study period, a remarkable evolution of the facies was observed; from the CI-Na
facies to the CI-Ca-Mg facies.

The correlations established between the concentrations of major elements have
shown that the mineralization of groundwater is controlled by the phenomenon of
the dissolution of the evaporitic minerals (halite, gypsum and/or anhydrites) and
carbonates (dolomite), by the reverse ion exchange phenomenon and by the marine
intrusion, especially at the Plio-Quaternary aquifer. The study of the spatio-temporal
evolution of the groundwater quality in the study area shows a gradual deterioration
in time and space.

Stable isotopes approach highlights that the recharge of Cenomanian-Turonian
aquifer is ensured by precipitation of Atlantic origin without significant evaporation.
For the Plio-Quaternary and Turonian, the recharge is also ensured by precipitation
of Atlantic origin without significant evaporation and that these waters have been
subjected to contamination by seawater. This approach has shown that the recharge
areas of the Cenomanian-Turonian aquifer are represented by the Et Tleta Hanchane
region (altitude = 300 m), the Krimat region (altitude = 500 to 620 m) and the far East
of the study area. Tritium tracing based on the same wells sampled in 2007 and 2016
shows a significant decrease that reaches 2 TU in some wells. This trend could be
explained by the low recharge rate following the decrease in precipitation experienced
by the study area in recent years. The presence of old or fossil water in the study area
suggests a low rate of renewal of the groundwater in this basin. This must be taken
into account in the context of the exploitation and management of these waters. The
temporal evolution of the 8'*O contents generally shows an enrichment character, of
the order of 1 to 1.5%o. This may be due probably to the phenomenon of evaporation
generated by the increase in air temperature caused by climate change. The latter also
seems to affect the isotopic signature of groundwater in the Essaouira basin.

The crossing of the different results obtained by the hydrogeochemical and isotopic
approach such as the couples (Na, Cl), (Ca, Mg), (Br, Cl), (02H, 06"0), (8'*0, CI)
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provide clearer information on the origin of the groundwater salinization in the study
area.

The ionic ratios Br/Cl = 1.5 to 1.7%o, Na/Cl close to 0.86, Mg/Ca and SO4/Cl weak
showed that the seawater begins to invade the freshwater of the Plio-quaternary aquifer
of Essaouira basin. This intrusion demonstrated by ionic ratios and corroborated
by stable isotopes and the combined use of oxygen-18 contents and chlorides has a
mixing rate vary between 12.8 an seawater d 15.9%. These high rates are dispersed
along the coast with the advancement of the saline frond on the order of 2 km.
However, this intrusion is probably caused by the decline in the piezometric level
following the decrease in precipitation over the last decades in the study area and by
the rise in sea level due to the climate change phenomenon.

However, the country’s future should rest on rational planning and integrated
management based on water savings and quality protections to make the most of
available water resources. For sustainable development and to mitigate the climate
change impact, we recommend a strategy based on the following elements:

— recourse to unconventional water.

— maintenance of the existing hydraulic infrastructures and construction of new
ones.

— economy of water in all sectors that consume large quantities (i.e agriculture).

— leak detection programs.

— Artificial recharge programs.

— sensitization programs for the value of water.

The Essaouira region, on the Atlantic coast of Morocco, illustrates the multiple
problems encountered in semi-arid zones. Beyond its regional interest in water

control, the approach adopted can be easily transposed and adapted to other regions
suffering from the same climatic and anthropogenic constraints:

— Construction of hill dams to reduce erosion of the wadis bed, to fight siltation by
increasing the lifespan and the mobilization of the resource by the dams.

— Ensure an artificial recharge in deficit, vulnerable areas, especially those subject
to marine intrusion.

— The mixture of desalinated seawater, with the available resource, to improve its
quality.

— Reuse of purified wastewater for watering golf courses, green spaces, and for
agriculture when conditions allow.

— Substitution of withdrawals from overexploited aquifers by withdrawals from
surface waters.
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Climatic and hydrometric data

Appendices

Annex I

Rainfall at Igrounzar station

Year S (o) N D J F M A M J JL A Total
1977/78 | 9.8 | 1200 | 63.1 | 114.1 | 635 | 49.6 35 46.5 4.7 0.0 0.0 00 | 47438
1978/79 | 0.0 8.8 20 58.1 | 143.7 | 27.7 | 23.6 | 18.1 0.0 0.0 0.0 00 | 2820
1979/80 | 0.0 771 0.0 26 | 428 | 1126| 679 | 153 05 0.0 0.0 00 | 3188
1980/81 | 0.0 0.0 715 0.0 3.7 | 1168 | 230 6.2 4.8 0.0 0.0 00 | 2260
1981/82 | 0.0 16.8 0.8 27.1 | 1002 | 309 | 59.7 | 1284 | 4.0 0.0 0.0 00 | 3679
1982/83 | 0.0 00 | 413 35 1.7 782 | 140 8.0 8.1 00 0.0 00 | 1548
1983/84 | 0.0 54 | 1179 | 179 | 00 94 | 442 59 314 | 00 0.0 00 | 232.1
1984/85 | 0.0 00 | 1062 | 102 | 1456 | 324 35 32 00 0.5 0.0 00 | 301.6
1985/86 | 0.0 0.0 10.7 | 60.1 | 184 | 81.6 | 706 | 372 | 00 39 00 00 | 2825
1986/87 | 100 | 0.0 16.1 12 500 | 426 8.8 0.0 0.6 03 00 52 | 1348
1987/88 | 13.6 | 50.8 | 485 | 1674 | 1725 | 415 | 318 0.0 159 | 219 00 00 | 5639
1988/89 | 0.0 322 12944 | 00 790 | 184 | 384 | 1066 | 0.6 0.0 0.0 00 | 569.6
1989/90 | 0.0 8.7 762 | 647 | 399 | 00 90.8 | 579 | 143 3.1 0.0 00 | 355.6
1990/91 | 0.2 70 9.8 86.5 | 104 | 1206 | 1105 | 6.7 0.0 0.0 0.0 00 | 3517
1991792 | 9.2 690 | 156 | 106 | 03 9.5 22.1 | 28.1 0.0 74 00 00 | 1718
1992/93 | 2.7 1.0 55 36.1 | 232 | 166 | 253 5.6 202 | 00 0.0 00 | 1362
1993/94 | 0.0 579 | 60.1 2.7 342 | 545 | 18.1 0.2 1.6 00 0.0 00 | 2293
1994/95 | 0.0 29.8 6.7 43 00 | 418 | 47.0 | 20.1 0.0 0.0 00 00 | 1497
1995/96 | 0.1 74 | 1274 | 1429 | 2669 | 438 | 893 24 258 1.6 0.0 00 | 707.6
1996/97 | 24 1.0 71.7 | 2814 | 732 2.8 138 | 486 | 00 0.0 0.0 0.0 | 4949
1997/98 | 4.9 327 | 372 | 676 | 47.7 | 1005 | 81.7 9.0 2.6 28 0.0 00 | 386.7
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Year S (0} N D J F M A M J JL A Total
1998/99 0.0 0.0 0.0 494 | 728 | 312 | 402 6.2 224 0.0 0.0 0.0 2222
1999/00 | 3.8 530 | 269 | 16.1 | 408 22 0.0 60.7 0.3 0.0 0.0 0.0 | 203.8
2000/01 0.0 8.5 4.0 101.8 | 42.7 2.7 13.6 1.6 0.0 0.0 0.0 0.0 1749
2001/02 | 42 0.0 48 79.2 0.3 219 | 68.8 | 63.7 2.1 0.0 0.0 0.0 | 2450
2002/03 0.0 8.3 972 | 284 102 | 100 15.1 34.1 0.0 0.0 0.0 0.0 203.3
2003/04 | 0.0 658 | 96.6 | 43.6 0.5 825 | 635 | 18.6 | 22.6 0.0 0.0 0.0 | 393.7
2004/05 0.0 178 | 412 17.0 0.0 472 | 592 0.0 0.0 0.0 0.0 0.0 1824
2005/06 | 0.0 5.1 | 1064 | 67.6 |260.0 | 285 | 154 | 247 6.5 0.0 0.0 00 | 5142
2006/07 2.4 303 | 327 1.7 219 | 210 1.5 155 43 0.0 0.0 92 140.5
2007/08 | 0.0 22 670 | 154 | 219 | 118 | 119 8.0 0.0 0.0 0.0 0.0 138.2
2008/09 | 40.1 71.8 | 490 0.0 914 | 1222 | 589 0.0 1.8 9.7 0.0 0.0 4449
2009/10 | 104 0.0 1.5 | 1626 | 62.8 | 1489 | 346 7.1 29 53 0.0 18.1 | 4542
2010/11 09 14.1 824 | 48.7 | 498 7.8 102.0 | 432 | 40.1 0.0 0.0 0.0 389.0
2011712 | 2.1 17.0 | 46.7 0.0 27.8 39 70 59.7 0.0 0.0 0.0 0.8 165.0
2012/13 | 70.1 609 | 404 49 5.6 317 | 84.0 | 233 43 0.0 0.0 0.0 3252
2013/14 | 212 7.5 94 14 56.6 8.9 26.1 | 325 42 0.0 0.0 0.0 167.8
2014/15 0.0 2.0 1913 | 00 206 | 519 | 258 64 0.0 2.1 2.3 8.3 310.7

2015/16 | 1.7 | 1200 | 50 00 - - - - - - - - 126.7

Average | 54 | 259 | 535 | 46.1 | 553 | 438 | 399 | 252 | 65 1.5 0.1 1.1 299.8

Rainfall at Adamna station

Year S (0] N D J F M A M J JL A Total
1977/78 | 75 | 1251 | 573 | 1112 | 69.6 | 562 | 42 315 8.7 00 0.0 00 | 4713
1978/79 | 0.0 3.6 11.0 | 51.5 | 163.8 | 34.1 | 186 | 62 0.0 00 0.0 00 | 2888
1979/80 | 00 | 746 | 00 53 | 403 | 498 | 68.0 93 30 0.0 0.0 00 | 2503
1980/81 | 0.5 105 | 608 | 00 56 | 534 | 344 | 162 | 54 0.0 00 00 | 186.8
1981/82 | 0.0 162 | 0.0 | 369 | 140.1 | 263 | 38.7 | 406 | 43 0.0 0.0 00 | 303.1
1982/83 | 0.0 0.0 | 47.1 59 2.8 960 | 158 8.4 37 00 00 00 | 1797
1983/84 | 0.0 46 | 1619 | 283 | 00 | 202 | 786 | 125 | 206 | 00 0.0 00 | 3267
1984/85 | 0.3 00 | 1625 | 133 | 1430 | 309 12 8.4 55 00 00 00 | 365.1
1985/86 | 0.0 0.0 76 | 664 | 345 |106.1 | 71.1 | 535 | 0.0 12 00 00 | 3404
1986/87 | 9.2 04 12.0 1.1 58.1 | 333 | 124 | 39 12 0.0 00 00 | 131.6
1987/88 | 9.1 576 | 653 | 2572 | 161.1 | 513 | 273 | 00 17.8 1.7 0.0 00 | 6484
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Year S (0] N D J F M A M J JL A Total
1988/89 | 0.0 30.6 | 163.1 | 0.0 96.1 173 | 32.8 | 788 1.2 0.0 0.0 0.0 | 4199
1989/90 0.0 234 | 1246 | 762 | 356 0.0 69.7 | 479 0.5 43 0.0 0.0 382.2
1990/91 0.0 2.8 110 | 910 | 115 | 1079 | 1114 | 40 0.0 0.0 0.0 0.0 | 3396
1991/92 | 105 | 78.5 16.4 11.8 0.5 7.7 18.3 13.3 0.0 2.6 0.0 0.0 159.6
1992/93 | 0.0 2.1 55 583 | 42,6 2.8 72.3 33 345 0.0 0.0 00 | 2214
1993/94 0.0 89.6 | 65.7 4.6 352 | 47.1 17.1 0.6 04 0.0 0.0 0.0 260.3
1994/95 | 0.0 44.6 9.5 18.6 0.0 330 | 62.1 6.8 0.0 0.0 0.0 0.0 174.6
1995/96 1.1 13.5 | 1034 | 1334 | 3559 | 343 | 713 1.7 320 | 110 0.0 00 | 757.6
1996/97 1.6 123 | 1619 | 3292 | 1022 | 1.7 244 | 462 0.0 0.0 0.0 00 | 679.5
1997/98 29 363 | 304 | 760 | 715 | 1486 | 353 93 1.5 0.8 0.0 00 | 4126
1998/99 | 0.0 0.0 0.0 442 | 630 | 295 | 683 22 8.0 0.0 0.0 00 | 2152
1999/00 4.0 78.6 | 324 | 169 | 315 2.0 0.8 66.7 5.5 0.0 0.0 0.0 2384
2000/01 0.0 124 55 | 1224 | 293 30 16.5 0.0 0.7 0.0 0.0 0.0 189.8
2001/02 | 32.7 0.0 1.6 | 1363 | 00 149 | 82.8 | 493 | 220 0.0 0.0 0.0 339.6
2002/03 | 0.0 4.6 90.1 | 81.7 | 103 | 122 | 235 | 510 0.0 0.0 0.0 00 | 2734
2003/04 0.0 700 | 834 | 67.1 0.0 487 | 458 | 185 18.3 0.0 0.0 0.0 351.8
2004/05 32 356 | 405 | 275 0.5 735 | 194 0.0 0.0 0.0 0.0 0.0 | 200.2
2005/06 0.0 4.0 39.1 | 85.7 | 1014 | 20.7 9.4 13.9 1.8 2.8 0.0 0.0 278.8
2006/07 | 2.5 744 | 235 0.6 7.7 219 43 114 4.7 0.0 0.0 6.7 157.7
2007/08 0.0 4.2 44.1 | 258 | 174 6.5 8.2 83 09 0.0 0.0 0.0 1154
2008/09 | 186 | 602 | 524 0.0 | 1069 | 1632 | 40.6 0.0 33 9.5 0.0 0.0 | 4547
2009/10 52 0.0 33 |216.1 | 39.8 | 1845 | 46.7 10.0 5.1 3.1 0.0 6.6 | 5204
2010/11 04 142 | 1302 | 85.1 | 914 | 230 | 189 | 902 | 654 0.0 0.0 0.0 | 5188
2011/12 04 27.1 | 65.1 0.0 0.0 532 0.0 44.6 0.0 0.0 0.0 0.0 1904
2012/13 | 50.3 | 139.6 | 0.0 29 9.5 356 | 746 | 295 3.1 0.0 0.0 0.0 | 345.1
2013/14 8.3 17.7 | 129 1.0 81.7 9.6 33.6 | 430 1.0 0.0 20 0.0 210.8
2014/15 | 0.5 00 | 1700 | 372 | 292 2.1 76.1 0.0 0.5 1.0 0.0 0.0 | 316.6
2015/16 00 |1426 | 79 0.0 - - - - - - - - 150.5
Average | 4.3 33.6 | 533 | 59.7 | 57.6 | 437 | 383 | 22.1 74 1.0 0.1 04 | 317.1
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Rainfall at Essaouira station

Year S (0] N D J F M A M J JL A Total
1977/78 | 2.1 91.1 | 29.1 | 879 | 738 | 20.8 1.7 40.6 5.7 1.6 0.0 00 | 3544
1978/79 | 0.0 2.7 100 | 514 | 949 | 163 | 151 | 123 0.0 04 0.0 0.0 | 203.1
1979/80 | 0.0 25.0 0.0 6.8 16.7 | 326 | 244 6.7 35 0.0 0.0 0.0 115.7
1980/81 | 11.2 | 204 | 403 | 11.1 53 506 | 153 | 16.6 1.3 0.0 0.0 0.0 172.1
1981/82 | 0.3 239 0.0 175 | 1287 | 138 | 285 | 223 0.2 0.0 0.0 0.0 | 2352
1982/83 2.7 0.2 27.2 44 42 62.7 | 179 8.5 2.1 0.0 0.0 2.8 132.7
1983/84 | 0.0 23 | 1321 | 250 04 114 | 609 | 194 | 125 0.0 0.0 00 | 2640
1984/85 | 0.0 05 | 1899 | 164 | 1185 | 309 2.3 12.7 42 0.0 0.0 00 | 3754
1985/86 | 0.0 0.0 59 628 | 183 | 715 | 438 | 184 0.0 1.5 0.0 00 | 2222
1986/87 | 54 0.0 17.3 22 478 | 202 | 165 40 6.0 0.1 0.0 0.2 119.7
1987/88 1.6 594 | 613 | 1585 | 1752 | 389 | 448 1.0 13.2 7.1 0.0 00 | 561.0
1988/89 | 0.0 172 | 1586 | 00 605 | 210 | 134 | 590 14 0.0 0.0 0.0 | 331.1
1989/90 | 0.5 | 1070 | 108.1 | 72.1 | 254 0.0 37.6 8.8 0.7 2.8 0.0 00 | 363.0
1990/91 0.0 17.7 58 | 1217 74 437 | 465 2.8 0.0 0.2 0.0 00 | 2458
1991/92 | 49 258 | 254 4.9 1.0 15.1 157 | 110 0.0 0.0 0.0 0.0 103.8
1992/93 | 0.0 0.0 13 9.0 575 | 27.1 74 364 50 11.1 0.0 0.0 154.8
1993/94 | 0.6 830 | 1788 | 5.8 313 | 34.1 | 249 0.0 1.6 0.0 0.0 00 | 360.1
1994/95 | 0.0 0.0 580 | 12.8 | 155 0.0 242 | 388 | 142 0.0 0.0 0.0 163.5
1995/96 | 0.0 0.0 1.0 630 | 109.6 | 21.0 | 343 | 694 2.7 234 0.8 00 | 3252
1996/97 | 5.6 25 | 117.1 | 250.1 | 923 5.1 154 | 493 1.8 0.0 0.0 00 | 5392
1997/98 32 354 | 428 | 77.1 | 547 | 989 | 19.1 18.6 20 0.5 0.0 00 | 3523
1998/99 | 0.5 1.0 0.0 45.1 | 451 | 244 | 63.1 42 3.7 0.0 0.0 0.1 187.2
1999/00 | 7.7 58.1 | 449 | 228 | 350 7.5 0.5 81.0 | 10.1 0.0 0.0 00 | 267.6
2000/01 0.0 12.6 64 |138.7 | 23.1 53 171 53 04 0.0 0.0 0.0 | 2089
2001/02 | 120 6.6 49 96.8 04 205 | 80.0 | 51.1 14.5 0.0 0.0 05 | 2873
2002/03 | 0.0 139 | 674 | 550 | 13.1 189 | 506 | 26.7 0.8 0.0 0.0 0.0 | 2464
2003/04 | 0.0 717 | 659 | 533 04 362 | 5577 | 255 | 255 0.0 0.0 0.0 | 3342
2004/05 | 0.0 335 | 343 | 21.7 1.1 689 | 139 0.0 0.0 0.0 0.0 0.0 173.4
2005/06 | 0.0 0.0 61.1 | 1083 | 91.0 | 13.0 72 8.5 0.0 0.0 0.0 0.0 | 289.1
2006/07 | 0.0 | 100.5 | 18.6 0.3 44 11.2 43 11.0 0.0 0.0 0.0 0.0 150.3
2007/08 | 0.0 600 | 120 0.5 10.5 20 55 72 04 0.0 0.0 0.0 98.1
2008/09 | 149 | 525 | 339 | 266 | 603 | 79.7 | 38.1 | 384 2.8 9.5 0.2 0.0 | 3569




Appendices 187
Year S (0] N D J F M A M J JL A Total
200910 | 82 | 12 | 34 [2726| 81 | 389 | 00 | 10 | 30 | 00 | 00 | 9.1 | 3456
2010/11 | 724 | 00 | 00 | 00 | 531 | 20 | 780 | 10 | 277 | 00 | 00 | 00 | 2342
2011/12 | 00 | 7.1 | 00 | 409 | 749 | 00 | 00 | 272 | 00 | 00 | 10 | 00 | 151.1
201213 | 00 | 6.1 | 41 | 00 | 7.0 | 130 |1775| 198 | 41 | 00 | 00 | 00 | 2316
2013/14 | 23.1 | 84.1 | 183 | 61 | 917 | 91 | 241 | 521 | 03 | 00 | 03 | 00 | 309.1
2014/15 | 00 | 183 | 185 | 43 | 201 | 89 | 592 | 05 | 00 | 00 - - 1298
2014/15 | 00 | 00 |2024 | 569 | - - - - - - - - 12593
Average | 4.5 | 267 | 463 | 515 | 442 | 26.2 | 312 | 215 | 45 | 15 | 0.1 | 03 | 2552
Maximum temperature at Igrounzar station
Year J F M A M J JL A S o N D |Average
1987 | 225 | 243 | 240 | 315 | 300 | 282 | 300 | 352 | 422 | 310 | 280 | 254 | 294
1988 | 232 | 252 | 252 | 330 | 294 | 350 | 444 | 450 | 410 | 344 | 262 | 244 | 322
1989 | 21.8 | 248 | 248 | 300 | 340 | 39.6 | 404 | 410 | 376 | 380 | 298 | 276 | 325
1990 | 204 | 294 | 294 | 302 | 360 | 360 | 41.8 | 448 | 372 | 330 | 298 | 292 | 33.
1991 | 236 | 256 | 256 | 314 | 380 | 408 | 440 | 420 | 410 | 310 | 332 | 258 | 335
1992 | 262 | 284 | 284 | 398 | 37.8 | 322 | 400 | 424 | 392 | 300 | 292 | 248 | 332
1993 | 230 | 268 | 268 | 29.6 | 288 | 350 | 452 | 440 | 344 | 300 | 230 | 260 | 31.1
1994 | 242 | 274 | 274 | 338 | 354 | 408 | 452 | 446 | 390 | 312 | 287 | 270 | 337
1995 | 244 | 308 | 30.8 | 304 | 400 | 370 | 42.6 | 440 | 340 | 362 | 31.8 | 236 | 338
1996 | 252 | 270 | 270 | 304 | 376 | 372 | 384 | 400 | 370 | 340 | 342 | 310 | 333
1997 | 280 | 300 | 300 | 338 | 296 | 308 | 374 | 380 | 342 | 342 | 310 | 252 | 319
1998 | 27.6 | 354 | 354 | 340 | 294 | 424 | 446 | 452 | 388 | 340 | 340 | 258 | 356
1999 | 248 | 282 | 282 | 322 | 346 | 376 | 432 | 392 | 340 | 320 | 332 | 262 | 328
2000 | 260 | 350 | 350 | 286 | 374 | 418 | 452 | 412 | 388 | 358 | 302 | 288 | 353
2001 | 256 | 246 | 246 | 346 | 374 | 386 | 412 | 462 | 340 | 370 | 326 | 282 | 337
2002 | 266 | 350 | 350 | 330 | 356 | 436 | 414 | 370 | 386 | 374 | 324 | 282 | 353
2003 | 252 | 350 | 350 | 310 | 400 | 400 | 410 | 396 | 39.6 | 340 | 298 | 274 | 348
2004 | 258 | 294 | 294 | 324 | 348 | 382 | 450 | 448 | 400 | 31.5 | 294 | 275 | 34
2005 | 263 | 313 | 308 | 31.6 | 363 | 39.6 | 450 | 450 | 410 | 312 | 300 | 282 | 347
2006 | 245 | 289 | 29.6 | 32.6 | 340 | 416 | 440 | 465 | 390 | 325 | 315 | 278 | 344
2007 | 276 | 306 | 31.5 | 334 | 375 | 43.6 | 440 | 430 | 385 | 315 | 302 | 294 | 35.1
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Year J F M A M J JL A S (0] N D |Average

2008 262 | 356 | 336 | 364 | 406 | 420 | 46.0 | 445 | 395 | 335 | 29.6 | 300 36.5

2009 254 | 294 | 296 | 350 | 395 | 440 | 446 | 468 | 405 | 355 | 325 | 305 36.1

2010 276 | 325 | 330 | 335 | 405 | 395 | 450 | 470 | 36.8 | 346 | 312 | 310 36

2011 323 | 335 | 33.6 | 360 | 42.1 | 41.0 | 430 | 450 | 350 | 360 | 310 | 300 36.5
2012 272 | 360 | 355 | 380 | 38,6 | 430 | 440 | 460 | 385 | 355 | 326 | 295 37
2013 285 | 329 | 332 | 346 | 36,7 | 410 | 459 | 475 | 36,5 | 360 | 323 | 313 36.4

2014 296 | 345 | 340 | 370 | 390 | 440 | 465 | 478 | 355 | 340 | 336 | 310 372

Average | 25.7 | 303 | 302 | 33.1 | 36.1 | 39.1 | 428 | 433 | 379 | 33.8 | 30.8 | 279 342

Minimum temperature at Igrounzar station

Year J F M A M J JL A S o N D Average

1987 1.5 35 35 4.5 7.6 2.6 144 | 115 | 106 | 44 2.8 1.0 5.7

1988 20 4.0 40 55 7.6 100 | 206 | 224 | 95 1.0 22 | 44 7
1989 -6.0 | 0.1 50 20 4.8 9.0 8.4 9.0 74 34 20 40 4.1
1990 | -110 | -7.6 34 4.6 50 30 130 | 8.6 100 | 3.0 -10 | 20 24

1991 -60 | -60 | 52 34 8.0 126 | 146 | 116 | 110 | 96 1.0 1.0 55

1992 0.0 3.0 2.8 50 9.8 102 | 146 | 140 | 114 | 80 3.6 30 7.1

1993 0.2 22 3.8 4.6 8.2 100 | 134 | 98 120 8.4 4.6 0.0 6.4

1994 0.0 14 6.0 2.8 8.0 12.8 | 154 | 100 | 110 | 106 | 46 2.6 7.1

1995 0.0 22 42 72 130 | 120 | 126 | 150 | 126 | 102 | 50 50 83

1996 0.0 4.0 3.6 54 7.8 114 | 140 | 140 | 102 | 76 54 38 7.3

1997 40 5.6 2.8 72 54 114 | 140 | 142 | 114 | 84 72 3.6 79

1998 12 40 30 82 74 140 | 146 | 160 | 130 | 100 | 3.6 2.6 8.1

1999 2.8 14 6.4 70 90 | 204 | 152 | 156 | 134 | 106 | 34 0.0 8.8

2000 0.0 3.0 50 5.6 92 116 | 158 | 164 | 128 | 8.6 4.6 30 8
2001 4.6 20 30 6.6 72 142 | 146 | 12,6 | 130 | 100 1.6 6.4 8
2002 20 4.8 54 44 8.0 94 | 140 | 134 | 118 | 64 22 20 7

2003 00 04 34 7.6 100 | 114 | 154 | 130 | 104 | 46 6.2 24 7.1
2004 0.0 14 24 24 8.0 122 | 156 | 148 | 125 | 85 42 37 7.1

2005 1.0 0.0 20 35 85 130 | 162 | 158 | 13.8 | 9.0 40 38 7.6

2006 0.5 00 2.5 4.8 9.0 125 | 172 | 186 | 140 | 100 | 53 4.0 82
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Year J F M A M J JL A S (0] N D | Average
2007 | -50 | -10 | 20 | 43 | 80 | 140 | 17.7 | 175 | 138 | 95 | 49 | 48 75
2008 | -40 | -13 | 20 | 48 | 85 | 156 | 162 | 200 | 146 | 110 | 5.1 | 60 82
2009 | -10 | 13 | 40 | 63 | 100 | 148 | 168 | 195 | 150 | 113 | 53 | 56 9.1
2010 | <15 | 20 | 60 | 62 | 90 | 140 | 173 | 190 | 148 | 106 | 48 | 50 8.9
2011 | -10 | 1.5 | 35 | 70 | 105 | 153 | 168 | 196 | 140 | 96 | 40 | 43 8.8
2012 | 00 | 05| 50 | 35 | 95 | 160 | 165 | 180 | 135 | 104 | 56 | 50 8.5
2013 | 00 | 10 | 35 | 50 | 100 | 180 | 175 | 186 | 150 | 112 | 60 | 56 93
2014 | 00 | 00 | 30 | 35 | 110 | 17.5 | 180 | 189 | 155 | 120 | 64 | 60 93

Average | 06 | 12 | 38 | 51 | 85 | 125 | 154 | 153 | 124 | 85 | 4.1 | 3. 74

Mean temperature at Igrounzar station

Year J F M A M J JL A S (0} N D Average
1987 12 | 139 | 138 | 18 | 179 | 204 | 22 | 233 | 282 | 175 | 257 | 135 | 188
1988 | 12.1 | 135 | 156 | 163 | 197 | 209 | 272 | 298 | 252 | 16.1 | 142 | 114 | 185
1989 | 92 | 127 | 17.1 | 138 | 166 | 21.7 | 24.1 | 23.6 | 222 | 206 | 159 | 15 177
1990 | 87 | 128 | 156 | 157 | 185 | 203 | 247 | 273 | 224 | 181 | 151 | 127 | 177
1991 | 102 | 109 | 141 | 1601 | 190 | 233 | 255 | 257 | 232 | 185 | 164 | 147 | 18.1
1992 | 117 | 145 | 155 | 193 | 21.3 | 199 | 25 | 264 | 25.1 | 188 | 163 | 143 19
1993 | 109 | 128 | 16 | 17.1 | 177 | 208 | 269 | 25.1 | 22.7 | 189 | 142 | 132 18
1994 | 122 | 132 | 157 | 17 | 187 | 23 | 293 | 268 | 23.7 | 19.7 | 168 | 145 | 192
1995 | 122 | 144 | 162 | 174 | 235 | 22.1 | 274 | 27.0 | 229 | 21.7 | 182 | 149 | 198
1996 | 138 | 129 | 137 | 168 | 196 | 246 | 253 | 255 | 225 | 21.1 | 17.5 | 149 19
1997 | 142 | 16.1 | 16.1 | 183 | 188 | 213 | 234 | 246 | 234 | 213 | 178 | 14.1 19.1
1998 | 138 | 168 | 18.1 | 17.1 | 17.9 | 239 | 266 | 266 | 246 | 21.6 | 179 | 13.1 | 198
1999 | 127 | 122 | 15 | 193 | 208 | 275 | 26 | 268 | 238 | 20.7 | 158 | 134 | 195
2000 | 115 | 16 | 185 | 162 | 20 | 243 | 272 | 266 | 235 | 196 | 163 | 149 | 196
2001 14 | 137 | 179 | 199 | 201 | 245 | 259 | 274 | 29 | 224 | 17.1 | 165 | 207
2002 | 145 | 156 | 16.1 | 172 | 205 | 223 | 255 | 248 | 235 | 225 | 176 | 154 | 196
2003 | 123 | 133 | 166 | 168 | 22.6 | 236 | 274 | 266 | 26 | 189 | 179 | 144 | 197
2004 13 | 154 | 156 | 168 | 176 | 238 | 29 | 27.1 | 262 | 20 | 168 | 156 | 197
2005 15 | 179 | 18.1 | 193 | 20.1 | 263 | 315 | 296 | 28.7 | 225 | 193 | 18.1 | 222
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Year J F M A M J JL A S (0] N D | Average

2006 14 143 | 192 18 193 | 267 | 269 | 267 | 219 | 21.6 | 207 | 172 20.5

2007 15 166 | 17.6 | 189 20 249 24 254 | 243 | 224 | 225 | 177 20.8

2008 165 | 17.5 18 18.8 | 21.7 | 247 | 252 | 23.7 | 233 | 21.5 | 202 | 189 20.8

2009 18 199 | 195 | 23,6 | 209 | 257 | 279 | 275 | 237 22 183 | 165 22

2010 155 | 182 | 212 | 19.1 20 24 267 | 253 | 247 | 23.1 | 204 | 20.6 21.6

2011 196 | 199 21 212 | 212 | 255 | 265 | 265 24 23.1 | 196 | 212 224

2012 19.7 | 189 | 195 21 238 | 249 | 262 | 265 | 224 | 22,6 | 21.1 | 187 22.1

2013 169 | 165 | 199 19 214 | 255 | 268 | 264 | 238 | 23.1 | 213 | 187 21.6

2014 17.8 18 196 | 20.1 | 222 | 23.7 | 262 | 305 | 247 | 22.7 | 203 | 188 22.1

Average | 138 | 153 | 172 | 181 | 20.1 | 23.6 | 263 | 264 | 243 | 20.8 | 183 | 158 20

Maximum temperature at Essaouira station

Year J F M A M J JL A S (0} N D Average

1987 18.8 | 182 | 20.1 | 202 | 203 | 21.3 | 22.1 | 228 | 246 | 21.6 | 208 | 199 209

1988 179 | 184 | 19.8 | 185 | 20.1 | 213 22 23.1 | 245 | 22.1 | 20.1 | 187 20.5

1989 16.7 | 182 | 18.6 | 17.8 20 205 | 215 | 232 | 225 23 212 | 217 204

1990 196 | 206 | 192 | 182 | 195 | 202 | 21.5 | 20.1 | 23.7 | 229 21 193 20.5

1991 184 | 16,6 | 169 | 175 19 193 | 214 | 21.6 | 212 | 206 | 196 20 19.3

1992 189 | 20.1 | 18.8 | 193 | 222 | 208 | 21.1 | 224 | 22,6 | 214 | 204 | 184 20.5

1993 167 | 17.5 | 195 | 193 | 195 | 214 22 21.8 | 219 | 21.3 | 185 | 182 19.8

1994 162 | 193 19 19 202 | 215 22 217 | 212 21 212 | 209 203

1995 194 | 189 | 199 | 20.7 20 215 | 22.1 | 224 | 223 | 226 | 22.8 | 204 21.1

1996 19.6 19 19 199 | 213 | 216 | 224 | 215 | 225 | 214 | 213 | 192 20.7

1997 19.8 | 20.1 | 213 | 206 | 21.1 | 22.1 | 219 | 222 | 232 | 23.6 | 229 | 208 216

1998 203 | 21.1 | 228 | 192 | 202 | 213 | 213 | 221 | 224 | 219 | 206 18 209

1999 187 | 165 | 189 | 18.6 | 202 | 209 | 21.7 | 219 | 223 | 224 | 206 | 188 20.1

2000 18.7 | 18.1 | 204 | 186 | 199 | 205 | 208 | 21.8 | 21.1 | 144 18 185 19.2

2001 178 | 179 | 193 | 17.7 | 182 | 19.7 | 196 | 20.1 | 214 | 228 | 194 | 21.8 19.6

2002 20.1 | 19.7 | 202 19 186 | 206 | 214 | 215 | 22,6 | 228 | 209 | 202 20.6

2003 183 | 17.7 | 19.6 | 194 | 195 | 215 | 209 | 234 | 224 | 206 21 18.8 203

2004 17.6 19 18.7 | 20.1 | 195 | 209 | 233 | 235 | 218 | 21.3 20 172 20.2
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Year J F M A M J JL A S (0] N D | Average
2005 | 16.1 | 149 | 203 | 17.8 | 189 | 203 | 198 | 213 | 21.5 | 21.8 | 199 | 176 | 192
2006 16 | 167 | 176 | 19 | 196 | 21 | 221 | 232 | 232 | 217 | 213 | 174 | 199
2007 | 17.1 | 169 | - | 177 | 21 | 224 | 219 | 219 | 222 | - | 20.1 | 194 | 20.1
2008 | 186 | 20 | 196 | 236 | 20 | 208 | 219 | 207 | 232 | - | 179 | - 20.6
2009 | 173 | 186 | 204 | 194 | - - 1235|220 | 24 | 225|231 | 203 | 211
2010 19 | 197 | 209 | 206 | 205 | 212 | 222 | 229 | 23.1 | 225 | 20 | 209 | 21.1
2011 | 207 | 182 | 196 | 20 | 241 | 222 | 232 | 22.1 | 216 | 22.1 | 208 | 199 | 212
2012 | 175 | 17 | 201 | 187 | 21 | 213 | 208 | 21.6 | 233 | 227 | 214 | 194 | 204
2013 | 186 | 187 | 191 | 197 | 246 | 257 | 295 | 338 | 259 | 243 | 223 | 21.1 | 236
2014 | 199 | 20 | 227 | 246 | 274 | 27 | 282 | 323 | 281 | 298 | 229 | 205 | 253
2015 | 193 | 194 | 225 | 224 | 279 | 265 | 335 | 30.5 | 29.1 | 267 | 245 | 243 | 256

Average | 184 | 185 | 197 | 195 | 206 | 214 | 222 | 228 | 229 | 22.1 | 207 | 195 | 207

Minimum temperature at Essaouira station

Year J F M A M J JL A S (0} N D Average
1987 | 124 | 125 | 136 | 149 | 159 | 172 | 183 | 185 | 192 | 166 | 145 | 134 | 156
1988 | 11.1 | 121 | 134 | 132 | 155 | 168 | 17.6 | 182 | 187 | 166 | 145 | 134 | 151
1989 | 95 | 119 | 137 | 143 | 164 | 175 | 186 | 204 | 193 | 195 | 185 | 179 | 165
1990 | 146 | 165 | 155 | 147 | 167 | 176 | 182 | 185 | 199 | 19 | 164 | 139 | 168
1991 | 109 | 106 | 125 | 125 | 134 | 157 | 17.1 | 179 | 172 | 169 | 135 | 135 | 143
1992 | 113 | 137 | 141 | 147 | 172 | 172 | 18 | 183 | 182 | 168 | 13.6 | 123 | 155
1993 | 93 | 112 | 134 | 143 | 149 | 176 | 184 | 181 | 185 | 166 | 13.6 | 12.1 | 148
1994 | 10.1 | 137 | 145 | 136 | 161 | 175 | 185 | 184 | 177 | 169 | 153 | 133 | 155
1995 | 116 | 129 | 139 | 159 | 164 | 17.1 | 183 | 183 | 179 | 172 | 166 | 146 | 159
1996 | 149 | 12 | 13.1 | 146 | 162 | 18 | 186 | 179 | 178 | 16 | 151 | 139 | 157
1997 | 134 | 144 | 145 | 162 | 162 | 174 | 182 | 186 | 194 | 19.1 | 167 | 145 | 166
1998 | 136 | 153 | 15.1 | 141 | 155 | 168 | 173 | 18 | 18.1 | 169 | 146 | 108 | 155
1999 | 116 | 96 | 128 | 136 | 153 | 169 | 172 | 177 | 18 | 178 | 143 | 115 | 147
2000 | 105 | 124 | 144 | 134 | 157 | 168 | 17 | 177 | 17.1 | 144 | 128 | 125 | 146
2001 | 121 | 111 | 138 | 132 | 139 | 162 | 162 | 163 | 169 | 166 | 139 | 146 | 146
2002 | 123 | 13 | 133 | 141 | 138 | 158 | 165 | 17 | 177 | 175 | 15.1 | 142 15
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Year J F M A M J JL A S (0] N D | Average

2003 106 | 11.1 | 142 | 145 | 159 | 173 | 172 | 196 | 185 | 17.1 | 149 | 129 153

2004 11.1 | 126 | 12.1 14 148 | 164 | 183 | 189 | 17.7 17 135 11 14.8

2005 83 8.9 133 13 146 | 166 | 172 | 176 | 176 | 17.1 | 165 | 12.1 144

2006 10.1 | 115 | 12,6 | 143 | 16.1 | 18.1 | 192 | 209 | 205 | 185 | 184 | 13.2 16.1

2007 11.9 13 - 143 | 176 - 19.7 | 182 | 182 - 145 | 129 156
2008 122 | 148 | 142 | 148 | 172 | 173 | 182 | 179 | 19.1 - 124 - 15.8
2009 9.6 134 | 165 13 - - 188 | 19.1 | 196 | 179 | 141 | 147 15.7

2010 14.6 15 155 | 163 | 163 | 172 | 193 | 192 | 19.7 | 184 | 139 | 162 16.8

2011 14 138 | 144 | 167 18 185 | 188 | 194 18 179 | 153 | 125 16.4

2012 108 | 9.7 147 | 136 | 159 | 172 | 173 | 178 19 183 | 155 | 124 152

2013 11.8 | 12.1 | 147 15 15.1 | 165 | 18.1 | 183 | 189 | 172 | 13.6 | 10.7 152

2014 10.1 | 103 | 122 | 139 | 16.1 | 167 | 175 | 179 | 179 | 175 | 145 | 10.2 14.6

2015 9 9 106 | 128 | 157 | 172 | 18.1 18 183 | 174 | 123 | 96 14

Average | 11.6 | 125 | 139 | 143 | 158 | 17.1 18 184 | 184 | 174 | 149 | 132 154

Mean temperature at Essaouira station

Year J F M A M J JL A S o N D Average

1987 156 | 154 | 169 | 17.6 | 18.1 | 193 | 202 | 20.7 | 219 | 19.1 | 17.7 | 16.7 18.2

1988 145 | 153 | 166 | 159 | 178 | 19.1 | 198 | 20.7 | 216 | 194 | 173 | 16.1 17.8

1989 13.1 | 15.1 | 162 | 16.1 | 182 19 20.1 | 21.8 | 209 | 213 | 199 | 198 184

1990 17.1 | 186 | 174 | 165 | 18.1 | 189 | 199 | 193 | 218 21 18.7 | 16.6 18.6

1991 146 | 137 | 147 | 152 | 163 | 175 | 192 | 198 | 192 | 187 | 168 | 16.7 169

1992 149 | 168 | 165 | 169 | 195 | 19.1 | 196 | 203 | 205 | 193 | 169 | 152 18

1993 131 | 145 | 164 | 17.1 | 175 | 195 | 20.1 | 19.8 | 20.1 19 162 | 15.1 174

1994 133 | 163 | 168 | 164 | 183 | 193 | 199 | 199 | 194 | 189 | 18.1 | 16.6 17.8

1995 152 | 158 | 16,6 | 18.1 18 195 | 20.1 | 20.1 | 197 | 196 | 195 | 172 183

1996 17 152 | 162 | 173 | 189 | 19.7 | 202 | 19.6 | 20.1 | 186 | 17.7 | 16.2 18.1

1997 163 | 17.1 | 179 | 183 | 18.7 | 19.8 20 203 | 212 | 21.1 | 195 | 173 19

1998 167 | 179 | 185 | 16,6 | 179 | 192 | 19.1 | 198 20 189 | 175 | 143 18

1999 148 | 13.1 | 157 16 176 | 188 | 192 | 19.6 20 198 | 174 | 148 17.2

2000 139 | 151 | 172 | 16.1 | 179 | 185 | 187 | 195 | 189 | 166 | 15.1 | 153 169
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Year J F M A M J JL A S (0] N D | Average
2001 | 148 | 146 | 164 | 155 | 16 | 17.8 | 17.7 | 182 | 19.1 | 194 | 164 | 173 | 169
2002 | 158 | 156 | 161 | 163 | 162 | 18 | 18.7 | 189 | 199 | 199 | 175 | 168 | 175
2003 | 142 | 145 | 166 | 17 | 177 | 193 | 188 | 212 | 202 | 188 | 173 | 157 | 176
2004 14 | 156 | 154 | 169 | 17 | 183 | 202 | 208 | 197 | 188 | 16.7 | 139 | 173
2005 | 122 | 11.8 | 167 | 155 | 168 | 182 | 184 | 192 | 194 | 19.1 | 182 | 147 | 167
2006 | 13.1 | 141 | 151 | 164 | 175 | 194 | 205 | 219 | 218 | 199 | 20 | 152 | 179
2007 | 146 | 15 | 155 | 163 | 192 | 192 | 227 | 202 | 208 | 19 | 17.7 | 164 | 18.1
2008 | 162 | 174 | 17 | 211 | 184 | 192 | 204 | 196 | 212 | 195 | 158 | 14 183
2009 | 144 | 157 | 187 | 166 | 175 | 195 | 212 | 208 | 222 | 206 | 179 | 18.1 | 186
2010 | 17.1 | 174 | 185 | 187 | 187 | 196 | 20.6 | 208 | 21.5 | 206 | 17.1 | 187 | 19.1
2011 | 172 | 164 | 17 | 185 | 213 | 204 | 209 | 208 | 199 | 20.1 | 186 | 162 | 189
2012 | 144 | 14 | 174 | 165 | 189 | 194 | 193 | 199 | 213 | 206 | 188 | 162 | 18.1
2013 | 153 | 155 | 17.1 | 176 | 197 | 212 | 237 | 28 | 222 | 202 | 178 | 163 | 196
2014 | 153 | 151 | 17 | 192 | 218 | 21.8 | 226 | 252 | 23 | 236 | 19 | 158 20
2015 | 145 | 138 | 156 | 169 | 21 | 21 | 26 | 234 | 23 |216 | 175 | 173 | 193

Average | 15 | 154 | 167 | 17 | 182 | 192 | 20.1 | 206 | 206 | 197 | 178 | 162 | 18.1
Evapotranspiration at Igrounzar station (mm)
Year J F M A M J JL A S (0] N D Total
1987 | 99.1 | 970 | 1154 | 1272 | 139.3 | 1450 | 151.8 | 147.9 | 147.7 | 114.6 | 120.1 | 97.8 | 1503.0
1988 | 992 | 967 | 117.5 | 1243 | 1433 | 1463 | 169.0 | 1704 | 1383 | 1125 | 99.5 | 96.7 | 1513.6
1989 | 989 | 96.1 | 119.8 | 121.0 | 136.9 | 148.4 | 1582 | 148.8 | 1302 | 1204 | 101.3 | 99.2 | 1479.2
1990 | 99.1 | 962 | 117.5 | 123.4 | 140.6 | 144.8 | 160.1 | 1609 | 130.7 | 115.6 | 1004 | 97.3 | 14867
1991 | 987 | 954 | 1157 | 1240 | 141.9 | 153.1 | 1628 | 1554 | 132.8 | 1163 | 102.0 | 989 | 1496.9
1992 | 990 | 97.5 | 1174 | 129.8 | 1474 | 143.8 | 161.1 | 157.7 | 1380 | 116.8 | 101.8 | 98.5 | 1508.9
1993 | 988 | 962 | 118.1 | 125.6 | 138.9 | 146.1 | 167.8 | 153.4 | 1315 | 1170 | 99.5 | 97.6 | 1490.5
1994 | 992 | 96.5 | 1177 | 1254 | 1410 | 1522 | 177.3 | 159.1 | 134.1 | 1185 | 1025 | 98.7 | 1522.1
1995 | 992 | 975 | 1184 | 126.1 | 153.7 | 149.6 | 169.7 | 160.2 | 132.0 | 122.8 | 104.5 | 99.1 | 1532.6
1996 | 100.3 | 96.3 | 1153 | 125.1 | 143.1 | 157.1 | 162.1 | 1547 | 1310 | 1214 | 1035 | 99.1 | 1509.0
1997 | 100.6 | 99.3 | 1182 | 127.8 | 141.3 | 1474 | 1559 | 151.8 | 1333 | 121.9 | 103.9 | 983 | 1499.7
1998 | 100.3 | 1002 | 121.5 | 125.6 | 139.3 | 1549 | 166.7 | 158.4 | 136.6 | 1225 | 104.1 | 97.5 | 15276
1999 | 99.5 | 959 | 1167 | 129.8 | 146.1 | 167.3 | 164.6 | 159.1 | 1344 | 120.6 | 1012 | 97.7 | 1532.8
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Year J F M A M J JL A S (0] N D Total

2000 989 | 99.2 | 1222 | 124.1 | 1440 | 1562 | 169.0 | 158.4 | 133.6 | 118.3 | 101.8 | 99.1 | 1524.8

2001 1005 | 96.8 | 121.1 | 131.1 | 1443 | 1568 | 1642 | 161.3 | 150.5 | 1244 | 1029 | 1009 | 1554.8

2002 1009 | 98.7 | 118.2 | 125.7 | 1453 | 150.1 | 162.8 | 152.5 | 133.6 | 124.6 | 103.6 | 99.6 | 1515.7

2003 993 | 965 | 1190 | 125.1 | 151.0 | 154.0 | 169.7 | 158.4 | 140.7 | 117.0 | 104.1 | 98.6 | 1533.3

2004 99.7 | 985 | 117.5 | 125.1 | 138.7 | 154.6 | 176.0 | 160.2 | 141.3 | 119.1 | 102.5 | 99.8 | 1533.0

2005 1014 | 101.7 | 121.5 | 129.8 | 1443 | 1629 | 186.8 | 169.6 | 1494 | 124.6 | 106.3 | 103.2 | 1601.7

2006 | 100.5 | 974 | 123.6 | 1272 | 1424 | 1458 | 148.8 | 1434 | 1295 | 122.5 | 1089 | 101.9 | 1491.8

2007 1014 | 999 | 120.6 | 1289 | 1440 | 149.0 | 154.7 | 151.2 | 135.7 | 1244 | 112.5 | 102.6 | 1525.1

2008 103.2 | 101.1 | 121.3 | 128.7 | 1484 | 1484 | 161.8 | 146.2 | 133.0 | 122.3 | 107.9 | 104.5 | 1527.0

2009 1054 | 105.0 | 1242 | 1403 | 146.3 | 1484 | 1544 | 1445 | 134.1 | 1235 | 104.7 | 1009 | 1531.7

2010 102.0 | 1022 | 1279 | 1294 | 1440 | 1493 | 1569 | 1479 | 136.9 | 126.1 | 108.3 | 107.5 | 1538.2

2011 108.1 | 105.0 | 1274 | 134.1 | 147.1 | 149.6 | 1550 | 1479 | 1349 | 126.1 | 106.9 | 108.6 | 1550.5

2012 | 108.3 | 103.3 | 124.2 | 133.6 | 154.6 | 151.9 | 1559 | 147.9 | 130.7 | 124.9 | 109.7 | 104.1 | 1549.0

2013 103.8 | 99.8 | 1250 | 129.1 | 147.6 | 149.0 | 151.2 | 1453 | 1344 | 126.1 | 110.1 | 104.1 | 15255

2014 | 105.1 | 101.9 | 1244 | 131.5 | 149.8 | 1543 | 1653 | 173.3 | 136.9 | 125.1 | 108.1 | 104.3 | 1579.9

Average | 101.1 | 98.8 | 120.3 | 127.8 | 1445 | 1513 | 1629 | 1552 | 1359 | 121.1 | 105.1 | 100.6 | 15245

Evapotranspiration Essaouira station (mm)

Year J F M A M J JL A S o N D Total

1987 102.1 | 984 | 1194 | 1264 | 139.8 | 1423 | 147.0 | 140.8 | 1295 | 1174 | 103.7 | 101.1 | 1467.7

1988 1009 | 98.3 | 119.0 | 123.6 | 139.1 | 141.8 | 146.0 | 140.8 | 128.8 | 117.9 | 103.2 | 1004 | 1459.7

1989 99.7 | 98.1 | 1183 | 1239 | 140.0 | 141.7 | 146.6 | 143.7 | 127.2 | 121.8 | 107.3 | 106.0 | 14743

1990 104.1 | 102.7 | 120.2 | 1245 | 139.8 | 141.5 | 146.1 | 137.6 | 129.3 | 121.1 | 105.3 | 101.1 | 14732

1991 1010 | 96.8 | 1164 | 122.7 | 1364 | 138.6 | 144.6 | 138.7 | 123.6 | 116.6 | 1025 | 101.2 | 14390

1992 101.3 | 100.2 | 118.8 | 1252 | 1429 | 1419 | 1455 | 1399 | 1263 | 117.8 | 102.6 | 994 | 1461.8

1993 99.7 | 975 | 118.7 | 1256 | 138.6 | 1429 | 146.7 | 138.7 | 1254 | 117.2 | 101.7 | 99.3 | 14520

1994 999 | 995 | 1193 | 1244 | 140.2 | 1424 | 146.2 | 139.0 | 1240 | 117.0 | 1044 | 101.1 | 1457.3

1995 101.7 | 989 | 119.0 | 1274 | 139.6 | 1429 | 146.7 | 1394 | 124.6 | 1183 | 106.7 | 101.9 | 1467.0

1996 1039 | 983 | 1184 | 1259 | 141.5 | 1433 | 1470 | 138.3 | 1254 | 116.5 | 103.8 | 100.6 | 1462.7

1997 103.0 | 100.6 | 121.1 | 127.8 | 141.0 | 143.6 | 146.5 | 1399 | 1279 | 1214 | 106.7 | 102.0 | 14814

1998 103.5 | 101.7 | 1222 | 124.7 | 1393 | 142.2 | 1443 | 138.7 | 1252 | 117.0 | 103.5 | 98.5 | 1460.9

1999 1012 | 964 | 117.7 | 1238 | 138.7 | 141.3 | 1446 | 1383 | 1252 | 118.7 | 1033 | 99.0 | 14482

2000 1004 | 98.1 | 1199 | 1240 | 139.3 | 140.6 | 143.4 | 138.0 | 123.0 | 1132 | 1004 | 99.5 | 14399
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Year J F M A M J JL | A S (0} N D | Total
2001 | 1012 | 97.6 | 1187 | 123.1 | 1358 | 139.1 | 1413 | 1352 | 1234 | 117.9 | 102.0 | 1020 | 14375
2002 | 1024 | 987 | 1182 | 1243 | 1362 | 139.6 | 1434 | 136.7 | 1250 | 1189 | 1035 | 1013 | 1448.1
2003 | 100.6 | 975 | 1190 | 1254 | 138.9 | 1424 | 1436 | 142.1 | 1256 | 116.8 | 103.2 | 100.0 | 14553
2004 | 1005 | 987 | 1173 | 1252 | 137.6 | 1402 | 1470 | 141.1 | 1246 | 116.8 | 1024 | 98.1 | 14494
2005 | 992 | 957 | 119.1 | 123.1 | 137.2 | 1400 | 142.8 | 1374 | 1240 | 1174 | 1045 | 989 | 14392
2006 | 997 | 972 | 1169 | 1244 | 138.6 | 1426 | 147.7 | 1440 | 1293 | 1189 | 107.6 | 994 | 14663
2007 | 1010 | 98.0 | 1174 | 1243 | 1422 | 1422 | 153.8 | 139.7 | 1269 | 1172 | 103.8 | 100.8 | 14673
2008 | 1029 | 101.0 | 119.6 | 133.8 | 1404 | 1422 | 1475 | 1383 | 1279 | 118.1 | 101.2 | 982 | 14710
2009 | 100.8 | 98.8 | 122.6 | 124.7 | 138.6 | 1429 | 149.6 | 141.1 | 1302 | 1204 | 104.1 | 1032 | 14770
2010 | 104.1 | 101.0 | 1222 | 128.5 | 1410 | 143.1 | 1480 | 141.1 | 128.6 | 1204 | 1029 | 104.1 | 14850
2011 | 1042 | 99.7 | 119.6 | 128.1 | 1474 | 1450 | 148.8 | 141.1 | 1250 | 1193 | 1052 | 100.6 | 1484.0
2012 | 1008 | 97.1 | 1203 | 124.6 | 1415 | 1426 | 1448 | 139.0 | 128.1 | 1204 | 1055 | 100.6 | 1465.1
2013 | 101.8 | 98.6 | 119.8 | 126.5 | 1433 | 147.1 | 1569 | 163.5 | 1302 | 119.5 | 103.9 | 100.7 | 15117
2014 | 1018 | 98.1 | 119.6 | 129.6 | 148.7 | 148.7 | 1535 | 153.7 | 1323 | 127.3 | 105.8 | 100.1 | 15193
2015 | 1009 | 969 | 117.5| 1252 | 146.6 | 146.6 | 164.6 | 1482 | 132.3 | 122.5 | 103.5 | 1020 | 1506.8
Year | 101.5| 986 | 1192 | 1255 | 1403 | 1424 | 1474 | 1412 | 1268 | 118.8 | 103.9 | 100.7 | 1466.5

Flow at Igrounzar station (m3/s)

Year S (0} N D J F M A M J JL A Average
1979/80 | 0.07 | 089 | 031 | 026 | 043 | 056 | 0.77 | 036 | 0.19 | 0.13 | 0.13 | 0.13 | 035
1980/81 | 0.15 | 0.19 | 1.60 | 0.55 | 044 | 035 | 0.14 | 0.11 | 0.11 | 0.13 | 009 | 0.10 | 033
1981/82 | 0.10 | 0.12 | 0.12 | 0.14 | 0.71 | 006 | 023 | 028 | 056 | 0.08 | 0.08 | 007 | 021
1982/83 | 0.08 | 0.08 | 027 | 0.15 | 024 | 033 | 0.16 | 0.13 | 0.13 | 0.13 | 0.13 | 0.13 | 0.16
1983/84 | 0.13 | 0.13 | 055 | 006 | 005 | 004 | 007 | 004 | 004 | 003 | 003 | 004 | 0.10
1984/85 | 0.04 | 0.04 | 023 | 004 | 521 | 022 | 0.13 | 0.10 | 0.09 | 027 | 005 | 005 | 0.54
1985/86 | 0.04 | 005 | 005 | 0.11 | 0.12 | 025 | 049 | 0.18 | 006 | 007 | 006 | 006 | 0.13
1986/87 | 0.06 | 0.06 | 0.08 | 007 | 0.19 | 038 | 0.30 | 0.08 | 0.08 | 0.08 | 0.08 | 008 | 0.13
1987/88 | 270 | 045 | 056 | 2.16 | 102 | 0.87 | 1.03 | 026 | 035 | 0.16 | 007 | 006 | 081
1988/89 | 0.06 | 0.24 | 2.66 | 030 | 039 | 0.17 | 023 | 058 | 0.15 | 0.10 | 009 | 0.11 | 042
1989/90 | 0.10 | 0.18 | 047 | 051 | 045 | 018 | 029 | 027 | 0.13 | 0.11 | 0.12 | 0.11 | 024
1990/91 | 0.11 | 0.12 | 0.14 | 056 | 0.18 | 145 | 276 | 1.58 | 0.59 | 035 | 029 | 033 | 0.70
1991/92 | 0.18 | 033 | 0.14 | 034 | 007 | 007 | 004 | 0.13 | 001 | 002 | 001 | 001 | 0.11
1992/93 | 0.01 | 0.03 | 0.03 | 008 | 0.11 | 0.14 | 008 | 001 | 0.12 | 0.03 | 002 | 003 | 0.06
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Year S (0] N D J F M A M J JL A Average
1993/94 | 003 | 0.18 | 042 | 0.15 | 0.19 | 026 | 0.20 | 0.06 | 0.06 | 0.06 | 0.05 | 0.05 0.14
1994/95 | 0.05 | 0.07 | 0.06 | 0.06 | 007 | 022 | 043 | 056 | 0.04 | 004 | 005 | 0.04 0.14
1995/96 | 004 | 004 | 1.08 | 1.65 | 924 | 196 | 261 | 146 | 126 | 090 | 020 | 0.18 1.72
1996/97 | 0.19 | 0.19 | 121 | 412 | 555 | 193 | 227 | 132 | 042 | 035 | 033 | 0.30 1.52
1997/98 | 0.30 | 0.51 | 0.61 | 0.62 | 0.63 | 3.12 | 144 | 047 | 036 | 033 | 029 | 0.29 0.75
1998/99 | 0.31 | 0.33 | 033 | 036 | 044 | 043 | 037 | 022 | 024 | 0.18 | 0.15 | 0.39 0.31
1999/00 | 1.10 | 0.84 | 024 | 023 | 022 | 021 | 0.14 | 029 | 0.13 | 0.11 | 0.11 | 0.11 0.31
2000/01 | 0.13 | 0.14 | 0.15 | 0.73 | 0.19 | 0.13 | 0.12 | 009 | 008 | 0.07 | 0.07 | 0.07 0.16
2001/02 | 009 | 0.10 | 0.11 | 247 | 018 | 0.16 | 021 | 024 | 0.15 | 0.12 | 0.13 | 0.13 0.34
2002/03 | 0.13 | 020 | 049 | 020 | 0.18 | 0.16 | 0.13 | 0.09 | 0.07 | 0.06 | 0.04 | 0.07 0.15
2003/04 | 005 | 008 | 032 | 025 | 0.19 | 024 | 026 | 0.21 | 0.21 | 0.10 | 0.10 | O.10 0.18
2004/05 | 0.09 | 0.10 | 0.11 | 247 | 0.18 | 0.16 | 021 | 024 | 0.15 | 0.12 | 0.13 | 0.13 0.34
2005/06 | 0.13 | 020 | 049 | 020 | 0.18 | 0.16 | 0.13 | 0.09 | 0.07 | 0.06 | 0.04 | 0.07 0.15
2006/07 | 0.05 | 008 | 0.32 | 025 | 0.19 | 024 | 026 | 0.21 | 021 | 0.10 | 0.10 | O.10 0.18
2007/08 | 006 | 006 | 243 | 025 | 023 | 0.16 | 0.11 | 030 | 051 | 051 | 053 | 0.55 0.48
2008/09 | 1.56 | 200 | 407 | 007 | 057 | 470 | 045 | 025 | 0.18 | 149 | 059 | 357 1.62
Average | 0.27 | 027 | 0.66 | 0.65 | 093 | 0.64 | 054 | 034 | 023 | 021 | 0.14 | 025 043

Flow at Zelten station (m3/s)

Year S (0] N D J F M A M J JL A Average
1979/80 | 0.03 | 0.82 | 001 | 0.01 | 0.38 | 0.83 | 0.79 | 0.09 | 0.05 | 0.04 | 0.03 | 0.03 0.26
1980/81 | 0.03 | 0.03 | 2.38 | 0.03 | 0.02 | 1.27 | 0.11 | 0.04 | 0.04 | 0.04 | 003 | 0.03 0.34
1981/82 | 0.03 | 0.06 | 003 | 0.04 | 191 | 0.03 | 042 | 039 | 1.83 | 002 | 0.02 | 0.01 0.40
1982/83 | 0.01 | 001 | 0.56 | 0.05 | 0.05 | 0.38 | 001 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 0.09
1983/84 | 0.00 | 0.00 | 2.71 | 0.03 | 003 | 0.03 | 025 | 0.08 | 003 | 0.02 | 0.01 | 0.01 0.27
1984/85 | 0.01 | 001 | 197 | 0.05 | 6.66 | 0.09 | 005 | 0.09 | 0.02 | 002 | 001 | 001 0.75
1985/86 | 0.01 | 0.01 | 001 | 0.10 | 001 | 048 | 1.53 | 025 | 003 | 0.03 | 0.03 | 0.03 0.21
1986/87 | 0.03 | 003 | 0.09 | 0.02 | 026 | 0.51 | 0.06 | 0.03 | 0.03 | 003 | 002 | 0.02 0.09
1987/88 | 1.54 | 0.64 | 0.89 | 488 | 243 | 0.82 | 1.10 | 0.10 | 0.35 | 0.08 | 0.07 | 0.07 1.08
1988/89 | 0.06 | 045 | 325 | 050 | 0.82 | 0.07 | 036 | 0.87 | 0.03 | 0.02 | 002 | 0.02 0.54
1989/90 | 0.02 | 008 | 145 | 1.57 | 050 | 0.14 | 0.37 | 047 | 005 | 0.01 | 0.01 | 0.01 0.39
1990/91 | 0.01 | 001 | 001 | 1.21 | 0.01 | 280 | 1.71 | 0.11 | 0.07 | 0.06 | 0.05 | 0.06 0.51
1991/92 | 007 | 036 | 001 | 0.01 | 001 | 0.02 | 001 | 038 | 001 | 001 | 0.01 | 0.01 0.08
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Year S (0} N D J F M | A | M J | JL | A | Average
1992/93 | 0.01 | 001 | 001 | 0.10 | 033 | 0.17 | 036 | 004 | 041 | 005 | 033 | 002 | 0.15
1993/94 | 002 | 033 | 1.66 | 003 | 0.10 | 033 | 006 | 003 | 0.02 | 002 | 002 | 001 | 022
1994/95 | 002 | 007 | 002 | 002 | 002 | 032 | 1.93 | 142 | 0.00 | 000 | 000 | 000 | 032
1995/96 | 0.00 | 0.06 | 326 | 843 | 2082 | 241 | 631 | 022 | 027 | 008 | 005 | 004 | 3.0
1996/97 | 0.04 | 004 | 276 | 780 | 543 | 047 | 1.16 | 1.57 | 0.10 | 007 | 006 | 005 | 163
1997/98 | 0.17 | 182 | 057 | 0.63 | 145 | 559 | 063 | 0.14 | 006 | 005 | 004 | 004 | 093
1998/99 | 0.04 | 004 | 004 | 0.14 | 027 | 009 | 021 | 002 | 0.14 | 004 | 003 | 004 | 009
1999/00 | 0.03 | 068 | 0.09 | 0.10 | 007 | 005 | 0.04 | 032 | 004 | 003 | 003 | 003 | 0.13
2000/01 | 0.03 | 003 | 003 | 156 | 0.11 | 002 | 004 | 002 | 002 | 002 | 002 | 002 | 0.16
2001/02 | 0.02 | 002 | 002 | 368 | 001 | 001 | 0.12 | 037 | 004 | 003 | 002 | 002 | 037
2002/03 | 0.02 | 002 | 106 | 006 | 0.03 | 003 | 0.09 | 005 | 003 | 002 | 002 | 006 | 0.12
2003/04 | 0.02 | 022 | 096 | 026 | 0.13 | 041 | 044 | 0.14 | 026 | 0.09 | 002 | 002 | 025
2004/05 | 0.02 | 002 | 004 | 0.12 | 004 | 022 | 030 | 004 | 003 | 003 | 003 | 003 | 008
2005/06 | 0.03 | 003 | 545 | 0.10 | 1.18 | 032 | 026 | 059 | 002 | 002 | 001 | 001 | 067
2006/07 | 0.02 | 294 | 054 | 034 | 053 | 058 | 024 | 037 | 0.17 | 0.18 | 0.18 | 0.18 | 0.52
2007/08 | 0.18 | 0.18 | 539 | 054 | 0.87 | 004 | 002 | 002 | 002 | 002 | 008 | 001 | 06l
2008/09 | 0.84 | 1.18 | 536 | 071 | 1.35 | 004 | 0.03 | 002 | 005 | 007 | 005 | 005 | 081
Average | 0.11 | 034 | 135 | 1.10 | 153 | 0.62 | 063 | 028 | 0.14 | 004 | 004 | 003 | 052

Débits a la station d’Adamna (m3/s)

Year S (0} N D J F M A M J JL A Average
1979/80 | 0.56 | 305 | 025 | 025 | 128 | 234 | 327 | 023 | 001 | 000 | 000 | 0.00 | 094
1980/81 | 0.00 | 002 | 488 | 0.15 | 008 | 3.79 | 022 | 001 | 000 | 0.03 | 000 | 000 | 0.76
1981/82 | 0.00 | 007 | 0.00 | 023 | 691 | 0.08 | 1.86 | 290 | 291 | 001 | 000 | 000 | 125
1982/83 | 0.00 | 000 | 1.54 | 002 | 001 | 194 | 0.13 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 030
1983/84 | 0.00 | 000 | 7.28 | 0.08 | 0.00 | 000 | 0.72 | 0.14 | 005 | 0.00 | 0.00 | 000 | 0.69
1984/85 | 0.00 | 000 | 506 | 0.14 | 1575 | 039 | 005 | 0.13 | 001 | 0.12 | 000 | 0.00 | 1.80
1985/86 | 0.00 | 000 | 0.00 | 029 | 0.66 | 0.82 | 2.96 | 0.85 | 0.00 | 0.00 | 000 | 0.00 | 046
1986/87 | 0.00 | 0.00 | 007 | 000 | 121 | 139 | 024 | 000 | 000 | 0.00 | 000 | 000 | 024
1987/88 | 2.68 | 141 | 3.15 | 1400 | 821 | 223 | 329 | 009 | 056 | 0.00 | 000 | 0.00 | 297
1988/89 | 0.00 | 066 | 16.66 | 035 | 1.32 | 006 | 049 | 1.83 | 006 | 0.00 | 000 | 000 | 178
1989/90 | 0.00 | 038 | 203 | 202 | 1.00 | 0.15 | 0.60 | 0.72 | 005 | 0.00 | 0.00 | 0.00 | 0.58
1990/91 | 0.00 | 0.00 | 000 | 3.04 | 058 | 592 | 755 | 1.06 | 001 | 0.00 | 0.00 | 0.00 | 1.51
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Year S (0] N D J F M A M J JL A Average
1991/92 | 0.00 | 1.01 | 000 | 0.29 | 009 | 0.06 | 0.04 | 051 | 0.00 | 0.00 | 0.00 | 0.00 0.17
1992/93 | 0.00 | 0.00 | 0.00 | 0.13 | 031 | 038 | 0.32 | 0.00 | 026 | 0.00 | 0.00 | 0.00 0.12
1993/94 | 0.00 | 096 | 324 | 0.04 | 032 | 0.67 | 0.12 | 0.00 | 0.00 | 0.00 | 0.03 | 0.00 045
1994/95 | 0.00 | 0.06 | 0.01 | 0.00 | 0.00 | 1.10 | 480 | 4.11 | 0.01 | 0.00 | 0.00 | 0.00 0.84
1995/96 | 000 | 005 | 529 | 13.12| 4475 | 530 | 982 | 1.13 | 0.78 | 0.85 | 0.13 | 0.09 6.78
1996/97 | 0.11 | 0.12 | 445 | 1474 | 1247 | 2.16 | 245 | 249 | 093 | 0.65 | 054 | 048 3.47
1997/98 | 0.63 | 207 | 1.15 | 1.11 | 203 | 1230 | 2.76 | 0.69 | 0.17 | 0.05 | 0.00 | 0.00 191
1998/99 | 0.00 | 0.00 | 003 | 043 | 1.35 | 028 | 092 | 003 | 045 | 0.00 | 0.00 | 0.10 0.30
1999/00 | 005 | 3.75 | 039 | 044 | 024 | 0.11 | 0.00 | 1.08 | 0.00 | 0.00 | 0.00 | 0.00 0.50
2000/01 | 0.00 | 0.00 | 000 | 836 | 096 | 0.05 | 0.03 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.78
2001/02 | 0.04 | 000 | 000 | 11.30 | 0.20 | 0.00 | 149 | 237 | 0.02 | 0.00 | 0.00 | 0.00 1.28
2002/03 | 0.00 | 0.34 | 520 | 0.70 | 0.09 | 0.00 | 030 | 0.27 | 0.00 | 0.00 | 0.00 | 0.16 0.59
2003/04 | 0.00 | 046 | 351 | 039 | 001 | 097 | 1.11 | 0.02 | 035 | 0.00 | 0.00 | 0.00 0.57
2004/05 | 0.00 | 0.00 | 000 | 028 | 000 | 0.70 | 1.11 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.17
2005/06 | 0.00 | 0.00 | 13.86 | 239 | 596 | 094 | 0.11 | 1.53 | 005 | 0.00 | 0.00 | 0.00 2.07
2006/07 | 0.00 | 302 | 1.60 | 043 | 0.67 | 0.70 | 006 | 0.16 | 0.16 | 0.00 | 0.00 | 0.00 0.57
2007/08 | 0.00 | 0.00 | 3.05 | 033 | 033 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.02 | 0.00 0.31
2008/09 | 0.87 | 122 | 859 | 028 | 1.55 | 952 | 0.82 | 0.06 | 0.06 | 0.55 | 007 | 0.00 1.97
2009/10 | 0.76 | 0.00 | 000 | 24.09 | 2.24 | 12.13 | 332 | 055 | 0.10 | 0.00 | 0.08 | 0.46 3.64
2010/11 | 0.00 | 000 | 542 | 456 | 1.51 | 048 | 2.17 | 1.11 | 226 | 0.24 | 0.00 | 0.00 1.48
2011/12 | 0.00 | 000 | 0.73 | 0.30 | 026 | 020 | 001 | 0.06 | 0.00 | 0.00 | 0.00 | 0.00 0.13
2012/13 | 2.02 | 241 | 224 | 059 | 001 | 002 | 209 | 0.29 | 0.00 | 0.00 | 0.00 | 0.00 0.81
2013/14 | 063 | 002 | 000 | 000 | 035 | 001 | 001 | 0.05 | 029 | 0.00 | 0.00 | 0.00 0.11
2014/15 | 0.00 | 0.00 | 2.38 | 2.30 | 003 | 001 | 001 | 000 | 000 | 0.00 | 000 | 0.48 043
Avearge | 0.16 | 0.62 | 3.04 | 251 | 361 | 1.81 | 1.59 | 0.75 | 023 | 0.08 | 0.03 | 0.03 1.20
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Annex Il
Groundwater level data

Campaign of march 2019: Cenomano-Turonian Aquifer

Sample X ‘ X ‘ z ‘ i pH ! E¢ Aquifer
m °C pS/em
75/52 128124 | 103181 461 4452 8.0 18.0 2750 Cenomano-Turonian
89/52 106174 | 117707 190 178.1 74 21.7 2203 Cenomano-Turonian
105/52 138360 | 98205 604 602.6 7.1 17.3 3646 Cenomano-Turonian
612/52 107407 | 122209 204 176.2 74 20.8 3286 Cenomano-Turonian
613/52 138667 | 93423 684 674.1 8.0 149 1843 Cenomano-Turonian
776/52 141554 | 95298 637 622.7 73 18.8 2173 Cenomano-Turonian
874/52 109190 | 110628 283 269.9 73 20.8 4349 Cenomano-Turonian
883/52 103987 | 116773 200 165.9 7.1 230 2804 Cenomano-Turonian
1112/52 138581 | 99269 591 555.7 75 214 1411 Cenomano-Turonian
1209/52 113440 | 113628 355 - 72 236 1075 Cenomano-Turonian
1699/52 141573 | 96319 627 597.5 7.6 20.3 1543 Cenomano-Turonian
030 130545 | 101944 500 485.0 7.6 18.0 3389 Cenomano-Turonian
031 131340 | 102793 493 485.5 7.5 17.5 1192 Cenomano-Turonian
033 141474 | 93754 669 640.3 74 19.6 1584 Cenomano-Turonian
034 132390 | 100749 526 485.2 72 222 1261 Cenomano-Turonian
035 134110 | 106742 543 5184 7.8 21.0 862 Cenomano-Turonian
037 128911 | 104147 466 4535 72 20.5 4965 Cenomano-Turonian
039 121773 | 103695 390 3743 75 20.7 2087 Cenomano-Turonian
040 119621 | 106390 347 340.2 72 210 2149 Cenomano-Turonian
042 118207 | 109602 319 291.0 7.7 22.1 2440 Cenomano-Turonian
046 119814 | 104010 414 398.9 7.0 22.8 2939 Cenomano-Turonian
049 110383 | 116191 222 195.1 75 22.7 2148 Cenomano-Turonian
051 111820 | 128010 224 173.7 72 222 2277 Cenomano-Turonian
052 114269 | 124836 324 315.1 74 210 2140 Cenomano-Turonian
053 103021 | 119806 190 179.2 73 20.8 2657 Cenomano-Turonian
054 98283 | 126062 74 63.1 7.6 21.5 2266 Cenomano-Turonian
055 100532 | 129964 67 374 7.6 21.0 2230 Cenomano-Turonian
056 94383 | 125259 11 1.0 72 20.7 4277 Cenomano-Turonian
085 136167 | 93466 713 701.1 7.1 16.5 1574 Cenomano-Turonian
090 103393 | 91167 238 - 8.4 17.8 615 Cenomano-Turonian
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Sample X ‘ Y ‘ z ‘ i pH ! s Aquifer
m °C pS/cm
0105 128503 | 96158 586 5789 7.8 21.0 796 Cenomano-Turonian
0106 115169 | 105125 367 3570 73 19.2 4216 Cenomano-Turonian
0107 117229 | 100359 444 4373 7.1 195 3690 Cenomano-Turonian
0108 125042 | 100877 469 455.0 7.8 193 1336 Cenomano-Turonian
0109 119343 | 112497 354 3233 74 20.8 1873 Cenomano-Turonian
0110 125509 | 113399 411 400.6 74 19.2 4370 Cenomano-Turonian
0122 130057 | 94712 662 655.3 7.6 189 882 Cenomano-Turonian
0123 102959 | 124849 95 - 74 229 3220 Cenomano-Turonian
0124 113568 | 115297 264 225.6 73 215 2650 Cenomano-Turonian
72/52 118004 | 95743 398 387.4 7.5 19.2 2428 Cenomano-Turonian
809/52 127541 | 93680 638 629.7 7.8 200 736 Cenomano-Turonian
820/52 117336 | 97635 437 429.7 75 21.1 4380 Cenomano-Turonian
Campaign of march 2019: Cenomano-Turonian Aquifer
X ‘ Y ‘ V/ ‘ H T EC
Sample pH Aquifer
m °C pS/em

1415/52 113055 | 96725 370 330.5 72 240 972 Cenomano-Turonian
061 118637 | 93594 408 - 7.1 21.7 2179 Cenomano-Turonian
062 116879 | 95278 390 3834 7.8 18.0 2249 Cenomano-Turonian
064 110501 | 94855 313 303.3 7.6 20.3 2199 Cenomano-Turonian
065 107935 | 92867 272 257.8 7.7 20.8 2381 Cenomano-Turonian
066 114500 | 98776 422 4074 75 220 1888 Cenomano-Turonian
068 107992 | 96978 400 390.3 75 20.2 3842 Cenomano-Turonian
069 105616 | 95999 330 3252 74 215 4530 Cenomano-Turonian
073 119124 | 97847 415 394.4 7.8 19.6 2123 Cenomano-Turonian
074 119893 | 100610 436 428.1 74 20.8 1559 Cenomano-Turonian
O75 121120 | 99785 437 417.7 7.5 214 1510 Cenomano-Turonian
078 121875 | 96049 446 4379 7.6 209 3016 Cenomano-Turonian
079 120482 | 96457 426 3993 7.7 214 2500 Cenomano-Turonian
080 121473 | 97981 429 411.7 72 20.3 5738 Cenomano-Turonian
0125 123518 | 99423 458 408.2 7.8 213 1020 Cenomano-Turonian
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Campaign of march 2019: Plio-Quaternary Aquifer
X ‘ Y ‘ Z ‘ H T EC )
Sample pH Aquifer
m °C pS/em
3/51 81472 | 93666 7 29 92 213 | 2511 Plio-Quaternary
11/51 80383 | 96193 3 -12 8.0 173 | 12250 Plio-Quaternary
15/51 85890 | 97935 65 56.8 7.6 195 1322 Plio-Quaternary
21/51 89582 | 91439 | 128 99.9 73 226 | 4840 Plio-Quaternary
27/51 95370 | 91109 | 201 170.3 7.7 217 880 Plio-Quaternary
28/51 97284 | 91810 | 234 184.6 7.6 222 947 Plio-Quaternary
105/51 | 99400 | 100885 | 115 103.5 75 225 1991 Plio-Quaternary
140/51 | 87205 | 103776 | 60 436 79 197 | 2091 Plio-Quaternary
148/51 85703 | 102084 | 58 435 75 208 1559 Plio-Quaternary
149/51 | 85100 | 105800 | 36 17 7.4 26 | 3386 Plio-Quaternary
261/51 | 96540 | 99238 | 118 725 72 234 | 2099 Plio-Quaternary
272/51 | 97195 | 100703 | 1055 | 760 7.4 21.0 1750 Plio-Quaternary
327/51 89220 | 88690 | 124 96.0 75 219 | 3800 Plio-Quaternary
02 91918 | 94633 | 142 579 78 250 1839 Plio-Quaternary
04 97352 | 101259 | 102 793 75 207 1729 Plio-Quaternary
05 91853 | 102137 | 83 54.4 7.7 20.6 1678 Plio-Quaternary
06 91193 | 102500 | 70 542 73 205 1811 Plio-Quaternary
07 90976 | 101554 | 75 538 7.6 214 1333 Plio-Quaternary
091 90829 | 97430 | 102 61.9 77 23.1 2985 Plio-Quaternary
094 81369 | 93593 4 0.7 7.8 210 | 2284 Plio-Quaternary
096 83000 | 93735 21 14.0 79 209 1702 Plio-Quaternary
098 97273 | 101093 | 100 - 82 18.1 1751 Plio-Quaternary
099 85578 | 105624 | 13 - 9.1 24.1 2626 Plio-Quaternary
0111 87675 | 91861 112 79.9 7.1 23.1 2757 Plio-Quaternary
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Campaign of march 2019: Plio-Quaternary Aquifer

X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C pS/em

0112 94027 95124 161 100.8 - - - Plio-Quaternary

0113 87063 | 95467 101 82.6 7.8 19.3 9641 Plio-Quaternary

0126 93744 | 93784 151 95.7 - - - Plio-Quaternary

0127 91965 | 98689 102 - 7.6 224 2663 Plio-Quaternary

0128 96120 | 100431 110 - - - - Plio-Quaternary

Campaign of march 2019: Barremian-Aptian Aquifer
X ‘ Y ‘ zZ ‘ H T EC .
Sample pH Aquifer
m °C pS/em

P5 89504 77758 244 - 74 214 1687 Barremian-Aptian
P11 85483 | 73677 271 252.8 7.7 22.8 1240 Barremian-Aptian
173/51 91073 | 77100 289 2634 7.6 226 1608 Barremian-Aptian
175/51 93600 | 74914 351 3370 75 20.9 1571 Barremian-Aptian
176/51 96737 | 76130 423 4139 79 185 1700 Barremian-Aptian
181/51 83495 77133 161 159.5 7.6 18.8 2051 Barremian-Aptian
209/51 80229 | 73441 141 1375 74 20.7 1318 Barremian-Aptian
208/51 80513 | 72537 221 216.6 7.5 183 1950 Barremian-Aptian
216/51 83750 | 80350 174 - 7.8 222 1783 Barremian-Aptian
217/51 85015 | 73957 253 238.7 8.0 20.1 1367 Barremian-Aptian
480/51 86908 78386 253 156.0 74 238 1786 Barremian-Aptian
M74 95250 | 75315 406 402.6 74 169 1303 Barremian-Aptian
M84 88000 | 79900 239 2143 7.3 224 3433 Barremian-Aptian
o14 103564 | 77103 529 5224 74 182 3880 Barremian-Aptian
017 89662 | 76734 261 2582 7.1 20.8 1994 Barremian-Aptian
019 78995 80733 1 - 8.1 19.0 1977 Barremian-Aptian
020 82222 | 81119 82 - 74 232 2562 Barremian-Aptian
022 82807 | 81381 100 75.5 7.3 227 2874 Barremian-Aptian
023 84686 | 80911 208 149.2 - - - Barremian-Aptian
0129 104713 | 77013 536 - 75 228 1613 Barremian-Aptian
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Campaign of march 2019: Hautrevian Aquifer
X ‘ Y ‘ VA ‘ H T EC .
Sample pH Aquifer
m °C pS/em
163/52 93398 | 63491 164 1535 73 220 1350 Hautrevian
P9 90126 | 63897 143 - 74 240 1735 Hautrevian
024 89239 | 63810 123 1174 79 18,0 1799 Hautrevian
025 87764 | 64270 148 - 72 235 1836 Hautrevian
026 89651 | 63823 135 - 74 24.6 1708 Hautrevian
028 92680 | 63541 160 - 73 248 1749 Hautrevian
029 94921 | 64380 195 - 8,1 214 1130 Hautrevian
0102 89177 64188 156 1484 72 219 1601 Hautrevian
Ol115 98271 68747 335 3257 75 22,8 2405 Hautrevian
o117 94198 68475 287 2772 7,7 228 1113 Hautrevian
Campaign of march 2019: Hautrevian Aquifer
X ‘ Y ‘ Z ‘ H T EC
Sample pH Aquifer
m °C pS/em
O118 90605 | 67791 267 2575 82 219 687 Hautrevian
0120 89536 | 64080 179 174.6 7.1 21,7 1589 Hautrevian
Campaign of may 2018: Cenomano-Turonian Aquifer
X ‘ Y ‘ V/ ‘ H T EC .
Sample pH Aquifer
m °C #S/em
54/43 103100 | 124800 96 - 72 224 3363 Cenomano-Turonian
75/52 128124 | 103181 461 4458 79 179 2196 Cenomano-Turonian
89/52 106174 | 117707 190 178.7 75 22.6 1925 Cenomano-Turonian
105/52 138360 | 98205 604 602.0 7.7 17.0 3991 Cenomano-Turonian
108/52 123518 | 99423 461 411.8 8.8 214 986 Cenomano-Turonian
612/52 107407 | 122209 204 176.2 7.3 21.6 3984 Cenomano-Turonian
613/52 138667 | 93423 684 674.1 79 16.2 1747 Cenomano-Turonian
648/52 132420 | 101017 524 485.0 73 220 1248 Cenomano-Turonian
776/52 141554 | 95298 637 6204 75 203 1571 Cenomano-Turonian
874/52 109190 | 110628 283 269.9 7.6 21.6 4372 Cenomano-Turonian
883/52 103987 | 116773 200 166.1 72 234 2769 Cenomano-Turonian
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X ‘ Y ‘ V7 ‘ H T EC
Sample pH Aquifer
m °C pS/cm

1112/52 138581 | 99269 591 555.8 8.1 21.0 1350 Cenomano-Turonian
1699/52 141573 | 96319 627 599.1 7.5 20.7 1966 Cenomano-Turonian
030 130545 | 101944 500 484.1 7.1 185 2801 Cenomano-Turonian
031 131340 | 102793 493 4874 7.8 184 1198 Cenomano-Turonian
033 141474 | 93754 669 640.9 7.7 20.5 1624 Cenomano-Turonian
034 132390 | 100749 526 485.6 7.6 232 1163 Cenomano-Turonian
035 134110 | 106742 543 518.8 8.1 204 833 Cenomano-Turonian
037 128911 | 104147 466 454.1 7.3 20.4 4802 Cenomano-Turonian
039 121773 | 103695 390 374.1 7.1 20.6 2429 Cenomano-Turonian
040 119621 | 106390 347 341.3 75 21.7 2170 Cenomano-Turonian
041 120676 | 105816 412 3924 7.8 229 2214 Cenomano-Turonian
042 118207 | 109602 319 290.9 8.4 224 2359 Cenomano-Turonian
046 119814 | 104010 414 405.0 72 23.1 3256 Cenomano-Turonian
049 110383 | 116191 219 192.1 75 23.0 2200 Cenomano-Turonian
051 111820 | 128010 224 1735 74 21.8 2198 Cenomano-Turonian
052 114269 | 124836 324 315.0 73 21.7 2152 Cenomano-Turonian
053 103021 | 119806 190 179.1 73 223 2793 Cenomano-Turonian
054 98283 | 126062 74 63.7 7.1 212 2216 Cenomano-Turonian
055 100532 | 129964 67 37.6 7.7 20.8 1650 Cenomano-Turonian
056 94383 | 125259 11 14 7.3 20.4 4062 Cenomano-Turonian
058 116706 | 110366 306 297.8 79 219 2141 Cenomano-Turonian
084 129882 | 102550 483 466.2 7.6 21.5 1694 Cenomano-Turonian
085 136167 | 93466 713 701.5 7.8 185 1297 Cenomano-Turonian
0105 128503 | 96158 586 5790 79 204 809 Cenomano-Turonian
0106 115169 | 105125 367 3577 8.2 19.7 4133 Cenomano-Turonian
0107 117229 | 100359 444 437.6 7.6 19.8 3664 Cenomano-Turonian
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Campaign of may 2018: Cenomano-Turonian Aquifer

X ‘ Y ‘ V/ ‘ H T EC
Sample pH Aquifer
m °C pS/em
0108 125042 | 100877 469 4573 8.8 19.3 1386 Cenomano-Turonian
0109 119343 | 112497 354 323.6 8.5 21.0 1600 Cenomano-Turonian
0110 125509 | 113399 411 4012 8.8 19.5 5041 Cenomano-Turonian
72/52 118004 | 95743 398 388.0 92 18.7 2224 Cenomano-Turonian
809/52 127541 | 93680 638 629.3 7.8 204 778 Cenomano-Turonian
820/52 117336 | 97635 437 429.8 8.1 214 4538 Cenomano-Turonian
1209/52 113440 | 95628 355 - 7.7 24.6 1155 Cenomano-Turonian
1415/52 113057 | 96725 370 331.6 79 243 990 Cenomano-Turonian
061 118637 | 93594 408 - 8.6 21.5 3164 Cenomano-Turonian
062 116879 | 95278 390 383.9 92 18.1 2320 Cenomano-Turonian
064 110501 | 94855 313 303.7 8.8 20.7 2184 Cenomano-Turonian
065 107935 | 92867 272 262.3 79 21.2 2122 Cenomano-Turonian
066 114500 | 98776 422 409.4 8.6 219 1734 Cenomano-Turonian
068 107992 | 96978 400 391.7 89 20.6 2615 Cenomano-Turonian
069 105615 | 96001 337 331.7 8.6 21.7 4473 Cenomano-Turonian
073 119124 | 97847 415 394.9 9.2 20.0 2146 Cenomano-Turonian
074 119893 | 100610 436 428.5 8.5 20.7 1539 Cenomano-Turonian
o075 121120 | 99785 437 417.6 83 21.3 1559 Cenomano-Turonian
o77 121985 | 96309 447 4372 7.8 19.2 6845 Cenomano-Turonian
078 121875 | 96049 446 4374 75 20.7 3200 Cenomano-Turonian
079 120482 | 96457 426 3994 7.8 20.5 2536 Cenomano-Turonian
080 121473 | 97981 429 411.6 75 203 5769 Cenomano-Turonian
088 118419 | 93635 404 3942 8.5 21.6 3830 Cenomano-Turonian
081 108234 | 92667 275 - 8.7 219 2194 Cenomano-Turonian
090 103393 | 91167 238 - 9.6 195 601 Cenomano-Turonian
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Campaign of may 2018: Plio-Quaternary Aquifer

X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C pS/cm
11/51 80383 | 96193 3 -1,1 84 17,6 9744 Plio-Quaternary
15/51 85890 | 97935 65 56.9 78 19.8 1557 Plio-Quaternary
21/51 89582 | 91439 128 99.9 74 233 4933 Plio-Quaternary
27/51 95370 | 91109 201 170,25 78 222 916 Plio-Quaternary
28/51 97284 | 91810 234 184.6 7.6 233 1082 Plio-Quaternary
105/51 99400 | 100885 115 103.6 75 227 2187 Plio-Quaternary
125/51 93741 93786 151 94 8,0 26,3 2716 Plio-Quaternary
140/51 87205 | 103776 60 435 7,7 20,3 2163 Plio-Quaternary
148/51 85703 | 102084 58 435 75 21,2 1602 Plio-Quaternary
149/51 85100 | 105800 36 -1,7 74 23,1 3482 Plio-Quaternary
272/51 97195 | 100703 | 1055 76,9 75 220 1957 Plio-Quaternary
327/51 89220 | 88690 124 96,6 7.7 219 3608 Plio-Quaternary
02 91918 | 94633 132 47,7 79 252 1960 Plio-Quaternary
04 97352 | 101259 102 79.7 75 213 1900 Plio-Quaternary
Campaign of may 2018: Plio-Quaternary Aquifer
X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C #S/cm

05 91853 | 102137 83 543 75 22.1 1773 Plio-Quaternary
06 91193 | 102500 70 54.1 73 21.7 2176 Plio-Quaternary
o7 90976 | 101554 75 53.8 7.8 22.1 1258 Plio-Quaternary
08 91990 | 97737 106 - 79 20.5 2731 Plio-Quaternary
091 90829 | 97430 102 62 7.6 232 3034 Plio-Quaternary
094 81369 | 93593 4 -0.5 74 20.7 3408 Plio-Quaternary
096 83000 | 93735 21 14.3 8.1 20.7 1842 Plio-Quaternary
Ol11 87675 | 91861 112 79.8 72 23.6 2794 Plio-Quaternary
0112 94027 | 95124 161 101 - - - Plio-Quaternary
0113 87063 | 95467 101 84.6 8.1 213 6716 Plio-Quaternary
098 97273 | 101093 100 - 8.2 20.7 1896 Plio-Quaternary
099 85578 | 105624 13 - 8.7 25.8 2965 Plio-Quaternary
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Campaign of may 2018: Barremian-Aptian Aquifer
X ‘ Y ‘ Z ‘ H T EC
Sample pH Aquifer
m °C pS/em
P5 89504 | 77758 | 244 - 75 19.4 1641 Barremian-Aptian
P11 85483 | 73677 | 271 2535 75 224 1050 Barremian-Aptian
M74 95250 | 75315 | 406 | 402.6 73 170 1431 Barremian-Aptian
M84 88000 | 79900 | 239 | 2142 72 225 3530 Barremian-Aptian
173/51 | 91073 | 77100 | 289 | 2633 7.6 218 1619 Barremian-Aptian
175/51 | 93600 | 74914 | 351 336.6 78 204 1559 Barremian-Aptian
176/51 96737 | 76130 | 423 | 414.1 7.6 19.0 1694 Barremian-Aptian
181/51 83495 | 77133 | 161 159.3 7.6 196 | 2218 Barremian-Aptian
208/51 80513 | 72537 | 221 216.5 75 180 | 2054 Barremian-Aptian
209/51 80229 | 73441 141 137.4 72 213 1491 Barremian-Aptian
216/51 83750 | 80350 | 174 - 77 228 1917 Barremian-Aptian
217/51 85015 | 73957 | 253 2394 8.3 19.7 751 Barremian-Aptian
480/51 86908 | 78386 253 - 72 18.0 1884 Barremian-Aptian
O14 103564 | 77103 | 529 | 5244 73 180 | 4409 Barremian-Aptian
017 89662 | 76734 | 261 2584 72 20.1 1899 Barremian-Aptian
019 78995 | 80733 1 - 8.1 193 1951 Barremian-Aptian
020 82222 | 81119 82 - 73 233 2649 Barremian-Aptian
022 82807 | 81381 100 754 7.4 26 | 2916 Barremian-Aptian
023 84686 | 80911 | 208 1493 76 235 744 Barremian-Aptian
o114 103850 | 77481 | 220 - 73 20.8 1963 Barremian-Aptian
Campaign of may 2018: Hautrevian Aquifer
X Y ‘ Z ‘ H T EC
Sample pH Aquifer
m °C #S/cm
P5 89504 | 77758 | 244 - 75 19.4 1641 Hauterivian
Pl 85483 | 73677 | 271 2535 75 24 1050 Hauterivian
M74 95250 | 75315 | 406 | 402.6 73 17.0 1431 Hauterivian
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Campaign of may 2018: Hautrevian Aquifer

X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C pS/cm
163/51 93398 | 63491 164 1534 73 22,1 1221 Hauterivian
P9 90126 | 63897 143 - 74 239 1787 Hauterivian
024 89239 | 63810 123 1175 8,0 18,3 1754 Hauterivian
025 87764 | 64270 148 - 7.1 240 1991 Hauterivian
026 89651 63823 135 - 73 243 1803 Hauterivian
028 92680 | 63541 160 - 72 23,6 1897 Hauterivian
029 94921 64380 195 - 8,1 18,1 1094 Hauterivian
0102 89177 64188 156 148.,5 72 21,6 1754 Hauterivian
0O115 98271 | 68747 335 3268 7.7 22,1 1461 Hauterivian
0116 94413 | 68601 287 2643 79 22,1 3688 Hauterivian
0117 94198 | 68475 287 2788 7.7 22,6 1131 Hauterivian
0118 90605 | 67791 267 2598 8.1 21,6 668 Hauterivian
0119 90798 | 68298 288 2764 83 21,6 3270 Hauterivian
0120 89536 | 64080 179 1752 7.1 21,1 1731 Hauterivian
Campaign of may 2017: Cenomano-Turonian Aquifer
X ‘ Y ‘ V/ ‘ H T EC
Sample pH Aquifer
m °C pS/cm
54/43 103100 | 124800 96 - 7.1 222 3014 Cenomano-Turonian
75/52 128124 | 103181 461 4454 7.8 18.6 2107 Cenomano-Turonian
89/52 106174 | 117707 190 179.5 7.3 222 1962 Cenomano-Turonian
105/52 138360 | 98205 604 602.5 73 18.8 2707 Cenomano-Turonian
612/52 107407 | 122209 204 176.8 74 219 3274 Cenomano-Turonian
613/52 138667 | 93423 684 674.2 79 184 1200 Cenomano-Turonian
648/52 132420 | 101017 524 4853 73 225 1153 Cenomano-Turonian
776/52 141554 | 95298 637 621 72 200 1421 Cenomano-Turonian
824/52 115524 | 105982 354 340.5 7.6 204 3700 Cenomano-Turonian
874/52 109190 | 110628 283 270 74 21.5 3935 Cenomano-Turonian
883/52 103987 | 116773 200 166.6 7.1 234 2424 Cenomano-Turonian
1112/52 138581 | 99269 591 555.8 7.7 215 1175 Cenomano-Turonian
1699/52 141573 | 96319 627 599.6 72 20.7 1808 Cenomano-Turonian
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X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C #S/cm

1871/52 123872 | 113403 380 - 7.0 25.1 1856 Cenomano-Turonian
030 130545 | 101944 500 4859 74 199 2413 Cenomano-Turonian
031 131340 | 102793 493 488.6 7.7 179 1025 Cenomano-Turonian
032 129367 | 103090 474 458.3 7.1 20.7 1589 Cenomano-Turonian
033 141474 | 93754 669 640.8 7.6 212 1348 Cenomano-Turonian
034 132390 | 100749 526 485.7 73 238 1110 Cenomano-Turonian
036 130728 | 104484 483 455 8.0 199 2100 Cenomano-Turonian
037 128911 | 104147 466 4542 72 20.7 4659 Cenomano-Turonian
038 125031 | 100629 469 456 73 213 1007 Cenomano-Turonian
039 121773 | 103695 390 375 74 20.7 2224 Cenomano-Turonian
040 119621 | 106390 347 3413 7.1 21.8 1876 Cenomano-Turonian
041 120676 | 105816 412 393 7.7 22.7 2044 Cenomano-Turonian

Campaign of may 2017: Cenomano-Turonian Aquifer
X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C uS/cm

042 118207 | 109602 319 291,1 78 22,6 1910 Cenomano-Turonian
045 117229 | 100359 444 4379 7,6 18,7 2811 Cenomano-Turonian
046 119814 | 104010 414 4055 6.9 22,6 2907 Cenomano-Turonian
047 125504 | 113395 411 4014 72 199 3961 Cenomano-Turonian
048 119336 | 112498 335 3034 T4 20,6 1640 Cenomano-Turonian
049 110383 | 116191 219 1937 - - - Cenomano-Turonian
051 111820 | 128010 224 1738 74 23,1 2003 Cenomano-Turonian
052 114269 | 124836 324 3149 72 21,8 1908 Cenomano-Turonian
053 103021 | 119806 190 180,3 74 22,1 2436 Cenomano-Turonian
054 98283 | 126062 74 6338 7.7 21,7 1806 Cenomano-Turonian
055 100532 | 129964 67 38,1 72 218 3245 Cenomano-Turonian
056 94383 125259 11 1,64 7.3 209 3620 Cenomano-Turonian
082 107823 | 112585 233 188.8 7.2 23,6 2387 Cenomano-Turonian
083 116706 | 110366 306 2999 7.1 223 1742 Cenomano-Turonian
084 129882 | 102550 483 4672 72 21,6 1578 Cenomano-Turonian
085 136167 | 93466 713 701,7 7.6 190 1341 Cenomano-Turonian
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086 110681 | 116060 222 195,1 74 23,0 1962 Cenomano-Turonian
087 128508 | 96144 572 5642 7,6 20,6 635 Cenomano-Turonian
72/52 118004 | 95743 398 388.8 73 199 1884 Cenomano-Turonian
108/52 123518 | 99423 461 4119 7.7 229 903 Cenomano-Turonian
809/52 127541 | 93680 638 629,7 78 20,3 666 Cenomano-Turonian
820/52 117336 | 97635 437 430 75 210 3836 Cenomano-Turonian
1415/52 113057 | 96725 370 332,1 73 24,1 881 Cenomano-Turonian
059 118067 | 94404 404 3823 7.8 20,7 3324 Cenomano-Turonian
060 117368 | 91734 389 3742 8.1 20,2 1043 Cenomano-Turonian
061 118637 | 93594 408 - 74 293 4462 Cenomano-Turonian
062 116879 | 95278 390 384 8,0 19,1 1857 Cenomano-Turonian
063 111270 | 95118 321 309.8 7.1 21,6 6776 Cenomano-Turonian
064 110501 94855 313 304 4 7.6 20,5 1765 Cenomano-Turonian
065 107935 | 92867 272 2623 7.2 220 1822 Cenomano-Turonian
066 114500 | 98776 422 409,7 7.5 218 1553 Cenomano-Turonian
068 107992 | 96978 400 392 7.5 213 2752 Cenomano-Turonian
069 105615 | 96001 337 3318 75 219 4135 Cenomano-Turonian
073 119124 | 97847 415 395.1 79 20,5 1827 Cenomano-Turonian
074 119893 | 100610 436 4292 75 21,2 1241 Cenomano-Turonian
o75 121120 | 99785 437 417,7 74 21,6 1297 Cenomano-Turonian
077 121985 | 96309 447 4374 7.6 193 5423 Cenomano-Turonian
078 121875 | 96049 446 4379 7,7 20,8 2715 Cenomano-Turonian
079 120482 | 96457 426 400,1 7. 20,8 2251 Cenomano-Turonian
080 121473 | 97981 429 411,6 6.9 21,2 4970 Cenomano-Turonian
088 118419 | 93635 404 3942 7.2 224 3514 Cenomano-Turonian
089 108234 | 92667 275 - 7.7 230 1699 Cenomano-Turonian
090 103393 | 91167 238 - 8.5 24.6 550 Cenomano-Turonian
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Campaign of may 2017: Plio-Quaternary Aquifer

X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C pS/em

15/51 85890 | 97935 65 574 75 189 724 Plio-Quaternary
11/51 80383 | 96193 3 -1 7.6 189 7555 Plio-Quaternary
21/51 89582 | 91439 128 99.8 73 229 4226 Plio-Quaternary
27/51 95370 | 91109 201 170.3 7.8 229 762 Plio-Quaternary
28/51 97284 | 91810 234 184.6 7.7 234 926 Plio-Quaternary
53/51 92700 | 104180 73 58.8 74 20.1 1110 Plio-Quaternary
105/51 99400 | 100885 115 103.6 75 224 1836 Plio-Quaternary
125/51 93741 93786 151 94 7.6 25.0 2550 Plio-Quaternary
140/51 87205 | 103776 60 437 79 20.2 1859 Plio-Quaternary
148/52 85703 | 102084 58 43.6 75 21.2 1453 Plio-Quaternary
149/51 85100 | 105800 36 -1.6 75 229 3173 Plio-Quaternary
261/51 96540 | 99238 118 723 72 242 2023 Plio-Quaternary
272/51 97195 | 100703 | 105.5 764 7.8 21.6 1757 Plio-Quaternary
327/51 89220 | 88690 124 97.1 7.7 222 3066 Plio-Quaternary
02 91918 | 94633 132 48.5 7.8 254 1771 Plio-Quaternary
04 97352 | 101259 102 78.5 7.7 20.7 1552 Plio-Quaternary
05 91853 | 102137 83 545 7.7 224 1558 Plio-Quaternary
06 91193 | 102500 70 54.4 74 21.7 1935 Plio-Quaternary
07 90976 | 101554 75 54.1 8.0 215 1151 Plio-Quaternary
08 91990 | 97737 106 - 7.8 22.0 2333 Plio-Quaternary
09 91106 | 96507 105 62.5 7.7 23.1 2835 Plio-Quaternary
091 90829 | 97430 102 622 7.6 23.1 2866 Plio-Quaternary
092 87653 | 91800 101 68.6 7.1 23.0 2429 Plio-Quaternary
093 81472 | 93666 6 - 73 23.0 2049 Plio-Quaternary
09%4 81369 93593 4 -0.5 74 214 2913 Plio-Quaternary
095 85087 | 102022 58 36.5 7.6 212 1298 Plio-Quaternary
096 83000 | 93735 21 14.3 8.0 209 1772 Plio-Quaternary
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Campaign of may 2017: Barremian-Aptian Aquifer

X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C #S/em
176/51 96737 | 76130 423 4144 7.6 194 1470 Barremian-Aptian
M74 95250 | 75315 406 4029 74 17.8 1087 Barremian-Aptian
175/51 93600 | 74614 351 336.7 75 20.9 1306 Barremian-Aptian
173/51 91073 | 77100 289 263.75 7.6 223 1334 Barremian-Aptian
217/51 85015 | 73957 253 240.1 8.1 20.0 549 Barremian-Aptian
P11 85483 | 73677 271 253.5 73 225 926 Barremian-Aptian
209/51 80229 | 73441 141 137.6 72 21.6 1324 Barremian-Aptian
208/51 80513 | 72537 221 216.5 74 19.1 1642 Barremian-Aptian
181/51 83495 | 77133 161 1595 7.5 20.8 1885 Barremian-Aptian
224/51 89577 | 76991 256 250.7 7.0 21.6 2073 Barremian-Aptian
P5 89504 | 77758 244 - 74 222 1427 Barremian-Aptian
M86 89322 78410 234 210.4 72 22.1 2065 Barremian-Aptian
Campaign of may 2017: Barremian-Aptian Aquifer
X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C pS/em

Mg4 88000 | 79800 239 2144 74 219 2982 Barremian-Aptian
480/51 86908 | 78386 253 - 74 233 1481 Barremian-Aptian
216/51 83750 | 80350 174 - 7.6 230 1670 Barremian-Aptian
214/51 79740 | 75462 98 - 7.7 239 3392 Barremian-Aptian
O14 103564 | 77103 529 5252 74 18.3 3195 Barremian-Aptian
015 104796 | 76619 541 - 7.6 229 1929 Barremian-Aptian
(0214 99688 | 76843 465 459.6 7.1 20.1 1589 Barremian-Aptian
017 89662 | 76734 261 258.2 7.1 209 1747 Barremian-Aptian
019 78995 80733 1 - 8.0 204 1678 Barremian-Aptian
020 82222 | 81119 82 - 72 234 2254 Barremian-Aptian
022 82807 | 81381 100 76.5 7.1 238 3884 Barremian-Aptian
023 84686 | 80911 208 1494 7.6 234 667 Barremian-Aptian
0100 83087 | 82130 211 - 7.8 230 2715 Barremian-Aptian
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Campaign of may 2017: Hautrivian Aquifer

X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C #S/em
191/51 88419 | 64291 131 - 72 240 1661 Hautrevian
P9 90126 | 63897 143 - 74 243 1685 Hautrevian
163/51 93398 | 63491 164 1544 72 233 1165 Hautrevian
024 89239 | 63810 123 1174 79 194 1641 Hautrevian
025 87764 | 64270 148 - 6.9 240 1787 Hautrevian
026 89651 63823 135 - 72 248 1681 Hautrevian
027 89157 | 64079 150 146.1 7.1 22.1 1518 Hautrevian
028 92680 63541 160 - 72 24.6 1751 Hautrevian
029 94921 64380 195 - 84 23.0 1134 Hautrevian
0101 89958 | 63511 130 123.1 7.8 21.3 2130 Hautrevian
0102 89177 | 64188 156 148.4 72 21.5 1509 Hautrevian
0103 88707 | 64298 152 - 7.0 229 1554 Hautrevian
0104 84836 | 65179 110 - 6.9 229 2203 Hautrevian
Campaign of april 2016: Cenomano-Turonian Aquifer
X ‘ Y ‘ V/ ‘ H T EC .
Sample pH Aquifer
m °C pS/em
54/43 103100 | 124800 96 - 7.1 232 3100 Cenomano-Turonian
75/52 128124 | 103181 461 446 7.7 185 2050 Cenomano-Turonian
89/52 106174 | 117707 190 1793 74 212 1933 Cenomano-Turonian
105/52 138360 | 98205 604 602.5 7.6 20.2 3950 Cenomano-Turonian
612/52 107407 | 122209 204 177 73 20.8 3150 Cenomano-Turonian
613/51 138667 | 93423 684 6743 75 185 1516 Cenomano-Turonian
648/52 132420 | 101017 524 487.5 7.3 22.1 1249 Cenomano-Turonian
776/52 141554 | 95298 637 6219 74 19.2 1300 Cenomano-Turonian
824/52 115524 | 105982 354 340.5 73 194 4300 Cenomano-Turonian




214 Facing Global Warming for Water Resources in Semi Arid Areas

Campaign of april 2016: Cenomano-Turonian Aquifer

X ‘ Y ‘ VA ‘ H T EC .
Sample pH Aquifer
m °C pS/cm
874/52 109190 | 110628 283 2704 7.3 230 4150 Cenomano-Turonian
883/43 103987 | 116773 200 166.5 72 240 2550 Cenomano-Turonian
1112/52 138581 | 99269 591 556 7.8 21.0 1188 Cenomano-Turonian
1503/52 115077 | 111000 279 259 7.1 234 2550 Cenomano-Turonian
1699/52 141573 | 96319 627 601.35 7.7 20.7 1800 Cenomano-Turonian
1871/52 123872 | 113403 380 - 7.1 237 1800 Cenomano-Turonian
030 130545 | 101944 500 486.1 72 195 2190 Cenomano-Turonian
031 131340 | 102793 493 488.7 7.8 164 493 Cenomano-Turonian
032 129367 | 103090 474 4584 72 20.4 1590 Cenomano-Turonian
033 141474 | 93754 669 641.8 73 20.5 1518 Cenomano-Turonian
034 132390 | 100749 526 485.7 73 223 1202 Cenomano-Turonian
035 134110 | 106742 543 5192 7.5 19.8 803 Cenomano-Turonian
036 130728 | 104484 483 456 73 199 2400 Cenomano-Turonian
037 128911 | 104147 466 4542 72 20.5 5100 Cenomano-Turonian
038 125031 | 100629 469 456 73 21.2 1093 Cenomano-Turonian
039 121773 | 103695 390 3752 73 20.7 2500 Cenomano-Turonian
040 119621 | 106390 347 3414 72 209 1890 Cenomano-Turonian
041 120676 | 105816 412 3937 7.5 232 2050 Cenomano-Turonian
042 118207 | 109602 319 291.6 7.1 22.0 1954 Cenomano-Turonian
043 116855 | 111363 285 266.8 - - - Cenomano-Turonian
045 117229 | 100359 444 438 75 18.0 3250 Cenomano-Turonian
046 119814 | 104010 414 405.6 6.9 22.1 3050 Cenomano-Turonian
047 125504 | 113395 411 401.6 7.1 19.6 4920 Cenomano-Turonian
048 119336 | 112498 335 3034 75 209 1883 Cenomano-Turonian
049 110383 | 116191 219 193.7 74 233 1894 Cenomano-Turonian
050 102823 | 112355 266 161 74 212 1281 Cenomano-Turonian
051 111820 | 128010 224 1739 72 22.1 2020 Cenomano-Turonian
052 114269 | 124836 324 315 72 21.6 2090 Cenomano-Turonian
053 103021 | 119806 190 180.5 74 223 2400 Cenomano-Turonian
054 98283 | 126062 74 63.6 75 219 2200 Cenomano-Turonian
055 100532 | 129964 67 383 7.8 19.6 3150 Cenomano-Turonian
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X ‘ Y ‘ V/ ‘ H T EC
Sample pH Aquifer
m °C uS/cm
056 94383 | 125259 11 2 74 20.5 4450 Cenomano-Turonian
057 100817 | 118478 162 110.1 72 20.7 2150 Cenomano-Turonian
058 116706 | 110366 306 299.9 6.9 216 2100 Cenomano-Turonian
72/52 118004 | 95743 398 388.8 74 19.0 1926 Cenomano-Turonian
108/52 123510 | 99414 461 412 74 21.6 947 Cenomano-Turonian
809/52 127541 | 93680 638 630.5 73 203 714 Cenomano-Turonian
816/52 121300 | 98063 426 402.1 - - - Cenomano-Turonian
820/52 117336 | 97635 437 4302 75 20.7 4510 Cenomano-Turonian
1209/52 113440 | 95628 355 - 74 243 1051 Cenomano-Turonian
1415/52 113057 | 96725 370 337.8 7.6 23.4 914 Cenomano-Turonian
2099/52 114487 | 93961 347 - 75 242 929 Cenomano-Turonian
059 118067 | 94404 404 3824 - - - Cenomano-Turonian
Campaign of april 2016: Cenomano-Turonian Aquifer
X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C pS/em

060 117368 | 91734 389 375 74 202 1204 Cenomano-Turonian
061 118637 | 93594 408 400.15 7.5 20.5 4500 Cenomano-Turonian
062 116879 | 95278 390 384.5 7.7 18.0 2120 Cenomano-Turonian
063 111270 | 95118 321 310.6 7.1 212 7600 Cenomano-Turonian
064 110501 | 94855 313 307 7.6 200 2000 Cenomano-Turonian
065 107935 | 92867 272 262.3 75 20.7 1753 Cenomano-Turonian
066 114500 | 98776 422 410 73 215 1696 Cenomano-Turonian
067 108785 | 97949 468 343 7.0 19.3 3395 Cenomano-Turonian
068 107992 | 96978 400 3924 7.6 20.3 3600 Cenomano-Turonian
069 105615 | 96001 337 331.7 7.6 22.0 4900 Cenomano-Turonian
071 112972 | 97169 375 333.8 7.5 22.7 874 Cenomano-Turonian
072 119147 | 97040 406 - 74 210 1227 Cenomano-Turonian
073 119124 | 97847 415 3952 7.7 19.2 1992 Cenomano-Turonian
074 119893 | 100610 436 4293 74 20.8 1490 Cenomano-Turonian
075 121120 | 99785 437 418 7.6 21.5 1227 Cenomano-Turonian
076 119267 | 99793 434 4173 7.5 22.8 1693 Cenomano-Turonian
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X ‘ Y ‘ Z ‘ H T EC
Sample pH Aquifer
m °C #S/em
o077 121985 | 96309 447 437.57 73 193 5800 Cenomano-Turonian
078 121875 | 96049 446 437.8 7.0 20.8 3300 Cenomano-Turonian
079 120482 | 96457 426 400.2 73 20.8 2460 Cenomano-Turonian
080 121473 | 97981 429 4123 6.9 215 5450 Cenomano-Turonian
081 108234 | 92667 275 - 8.2 21.7 1276 Cenomano-Turonian
070 102821 | 92177 230 - 8.0 22.6 539 Cenomano-Turonian
Campaign of june 2015: Plio-Quaternary Aquifer
X ‘ Y ‘ V7 ‘ H T EC
Sample pH Aquifer
m °C p#S/em
3/51 81472 | 93666 7 0.7 7.6 21.2 2270 Plio-Quaternary
11/51 80383 | 96193 3 -09 7.8 215 5210 Plio-Quaternary
15/51 85890 | 97935 65 53.0 7.8 229 2970 Plio-Quaternary
27/51 95370 | 91109 201 171.8 7.6 222 626 Plio-Quaternary
28/51 97284 91810 234 184.7 8.0 233 965 Plio-Quaternary
53/51 92700 | 104180 73 57.1 7.8 209 1716 Plio-Quaternary
103/51 94830 | 102206 91 64.8 8.1 222 2010 Plio-Quaternary
105/51 99402 | 100883 114 102.9 79 223 2210 Plio-Quaternary
125/51 93741 | 93786 152 954 7.8 25.0 2290 Plio-Quaternary
137/51 86733 | 94515 81 61.6 78 214 3090 Plio-Quaternary
138/51 88289 92860 105 792 7.8 21.8 7840 Plio-Quaternary
140/51 87205 | 103776 60 43.6 8.0 21.0 2118 Plio-Quaternary
148/51 85703 | 102084 58 437 8.0 21.1 1650 Plio-Quaternary
149/51 85100 | 105800 36 -1.6 79 22.8 3250 Plio-Quaternary
327/51 89220 | 88690 124 984 7.8 223 2150 Plio-Quaternary
o) 94941 95890 153 95.0 75 25.0 3850 Plio-Quaternary
02 91918 94633 132 52.0 7.8 248 1924 Plio-Quaternary
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Campaign of june 2015: Plio-Quaternary Aquifer

X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C #S/cm
03 91146 93802 134 14.0 7.7 23.1 4060 Plio-Quaternary
04 97352 | 101259 102 80.1 7.8 213 1720 Plio-Quaternary
05 91853 | 102137 83 54.6 7.8 23.7 1715 Plio-Quaternary
06 91193 | 102500 70 544 7.8 21.8 1795 Plio-Quaternary
o7 90976 | 101554 75 54.0 8.2 219 1348 Plio-Quaternary
08 91990 | 97737 106 63.3 79 242 2520 Plio-Quaternary
09 91106 | 96507 105 63.0 79 245 2980 Plio-Quaternary
010 89582 | 91439 128 100.0 75 229 4260 Plio-Quaternary
Ol11 88284 | 95263 102 69.0 8.1 225 1135 Plio-Quaternary
012 85901 | 97934 59 50.1 75 20.6 3540 Plio-Quaternary
Campaign of june 2015: Barremian-Aptian Aquifer
X ‘ Y ‘ Y/ ‘ H T EC
Sample pH Aquifer
m °C pS/cm
173/51 91073 | 77100 289 263.8 79 220 1351 Barremian-Aptian
175/51 93600 | 74614 351 3412 7.8 203 1530 Barremian-Aptian
176/51 96737 76130 423 414.2 74 22.3 1776 Barremian-Aptian
181/51 83495 | 77133 161 159.7 7.7 224 2120 Barremian-Aptian
208/51 80513 | 72537 221 216.5 7.8 18.8 2090 Barremian-Aptian
209/51 80229 | 73441 141 137.8 7.8 21.6 1430 Barremian-Aptian
214/51 79740 75462 98 98.0 7.6 21.7 3580 Barremian-Aptian
216/51 83750 | 80350 174 - 7.7 23.6 1820 Barremian-Aptian
217/51 85015 | 73957 253 240.6 8.2 199 490 Barremian-Aptian
224/51 89577 | 76991 256 2510 7.5 22.1 2330 Barremian-Aptian
480/51 86908 | 78386 253 253.0 7.6 242 1799 Barremian-Aptian
M4 88000 | 79900 239 2150 72 220 3250 Barremian-Aptian
M386 89322 | 78410 234 2103 7.6 223 1750 Barremian-Aptian
M74 95250 75315 407 404.0 7.7 20.3 1280 Barremian-Aptian
P5 89504 | 77758 244 - 79 227 1365 Barremian-Aptian
P11 85483 | 73677 271 2535 7.7 225 966 Barremian-Aptian
0o14 103564 | 77103 529 5258 7.5 210 3650 Barremian-Aptian
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X ‘ Y ‘ Z ‘ H T EC
Sample pH Aquifer
m °C #S/em
015 104796 | 76619 541 - 72 252 1640 Barremian-Aptian
016 99688 | 76843 465 460.5 74 214 1700 Barremian-Aptian
017 89662 | 76734 261 2584 75 220 2040 Barremian-Aptian
018 81259 78882 133 80.0 8.0 242 1291 Barremian-Aptian
019 78995 80733 1 - 8.1 212 1875 Barremian-Aptian
020 82222 81119 82 - 7.5 24.7 2640 Barremian-Aptian
021 82816 81418 101 76.0 8.1 239 2400 Barremian-Aptian
022 82807 81381 100 770 79 222 3400 Barremian-Aptian
023 84686 80911 208 149.6 8.0 230 624 Barremian-Aptian
Campaign of june 2015: Hauterivian Aquifer
X ‘ Y ‘ Z ‘ H T EC
Sample pH Aquifer
m °C #S/cm
163/51 93398 63491 164 154.8 7.7 25.0 1090 Hauterivian
191/51 88419 | 64291 131 - 7.5 24.7 1720 Hauterivian
P9 90126 | 63897 143 - 7.7 24.6 1720 Hauterivian
024 89239 | 63810 123 117.5 7.7 21.2 1940 Hauterivian
025 87764 | 64270 148 - 74 25.1 1870 Hauterivian
026 89651 63823 135 - 75 25.0 1660 Hauterivian
027 89157 64079 154 150.4 7.7 244 1660 Hauterivian
028 92688 63541 160 - 75 245 1880 Hauterivian
029 94944 | 64350 224 - 8.1 232 1270 Hauterivian
Campaign of october 2009: Plio-Quaternary Aquifer
X ‘ Y ‘ VA ‘ H T EC .
Sample pH Aquifer
m °C pS/em
103/51 94820 | 102170 99 76.5 21 73 1671 Plio-Quaternary
133/51 87800 | 98800 70 32 22 72 2550 Plio-Quaternary
138/51 88289 | 92860 105 104 21 7.3 3520 Plio-Quaternary
272/51 97195 | 100703 105.5 105.5 20 72 2180 Plio-Quaternary
3/51 81472 | 93666 7 14 19 74 2130 Plio-Quaternary
BS 90290 | 102260 102 54 19 74 2249 Plio-Quaternary
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X ‘ Y ‘ VA ‘ H T EC .
Sample pH Aquifer
m °C #S/cm
B7 95150 | 104490 97 69.2 20 725 770 Plio-Quaternary
B9 93410 | 102680 114 67 19 74 1763 Plio-Quaternary
M33 91150 | 102300 78 49 20 74 2040 Plio-Quaternary
Mé61 91200 | 100750 90 56 23 7.5 1720 Plio-Quaternary
149/51 85100 | 105800 36 2.8 22 6.7 3160 Plio-Quaternary
15/51 85890 | 97935 65 63 155 7.1 3370 Plio-Quaternary
21/51 89582 | 91439 128 61.6 20 7 3780 Plio-Quaternary
Campaign of october 2007: Plio-Quaternary Aquifer
X ‘ Y ‘ Y/ ‘ H T EC .
Sample pH Aquifer
m °C pS/em
380/51 89900 | 91494 135 184.00 7.60 25.8 2530 Plio-Quaternary
457/52 90700 | 96700 110 148.42 7.65 26.9 1930 Plio-Quaternary
829/52 87100 | 111200 692 16.30 745 19.8 547 Plio-Quaternary
327/51 89200 88700 128 96.00 7.10 24.0 2270 Plio-Quaternary
128/51 93300 | 99500 120 37.00 7.20 224 1700 Plio-Quaternary
Privé 93750 | 105000 84 41.00 6.90 235 2430 Plio-Quaternary
346/51 97500 | 101350 108 300 6.8 27 1920 Plio-Quaternary
389/52 91100 | 96600 107 54 7.15 249 4670 Plio-Quaternary
Campaign of october 2007: Cenomano-Turonian Aquifer
X ‘ Y ‘ VA ‘ H T EC .
Sample pH Aquifer
m °C #S/cm
1503/52 115100 | 111000 276 256 6.90 20.8 2092 Cenomano-Turonian
ES02 117500 | 105400 425 350 7.28 220 2600 Cenomano-Turonian
75/52 128124 | 103181 464 457.8 7.24 20.0 1500 Cenomano-Turonian
605/52 130400 | 102000 496 4943 7.50 17.4 998 Cenomano-Turonian
648/52 132450 | 101050 521 489 7.39 219 1065 Cenomano-Turonian
1112/52 138600 | 99250 594 559.5 7.69 213 994 Cenomano-Turonian
105/52 138350 | 98250 608 608 7.64 174 3880 Cenomano-Turonian
776/52 141700 | 95600 637 631.8 7.60 183 1600 Cenomano-Turonian
1699/52 141500 | 96300 627 - 7.11 215 2750 Cenomano-Turonian
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X ‘ Y ‘ y/ ‘ H T EC
Sample pH Aquifer
m °C #S/cm
883/52 104000 | 116500 194 169.5 6.90 26.6 2500 Cenomano-Turonian
89/52 106174 | 117707 196 188.5 6.90 228 2800 Cenomano-Turonian
54/52 103100 | 124800 95 95 6.75 222 3100 Cenomano-Turonian
89/52 103650 | 117900 182 182 6.65 24.8 2700 Cenomano-Turonian
874/52 109250 | 110600 282 273.64 735 244 2540 Cenomano-Turonian
612/52 107500 | 122200 203 178 7.35 222 2970 Cenomano-Turonian
1576/52 120250 | 112700 370 - 7.80 232 900 Cenomano-Turonian
ES34 143400 | 98400 595 588 7.10 22.1 1900 Cenomano-Turonian
ES35 141000 | 85700 877 871 7.65 264 3740 Cenomano-Turonian
ES36 120250 | 112350 365 271 740 250 1220 Cenomano-Turonian
1871/52 123850 | 113400 380 - 7.00 26.2 2300 Cenomano-Turonian
1415/52 112972 | 97169 364 3344 7.15 244 966 Cenomano-Turonian
ES28 117336 | 97635 | 429.75 | 334.75 7.10 25.8 1400 Cenomano-Turonian
72/52 118025 | 95756 398 392 7.35 235 1500 Cenomano-Turonian
677/52 121750 | 89450 485 48235 7.10 22.8 1500 Cenomano-Turonian
1690/52 118000 | 91100 441 351 6.90 244 1450 Cenomano-Turonian
2099/52 114487 | 93961 353 343.5 7.15 24.6 1232 Cenomano-Turonian
ES65 107992 | 96988 409 405.7 6.85 29.5 1810 Cenomano-Turonian
Campaign of march 1997: Barremian-Aptian Aquifer
X ‘ Y ‘ V/ ‘ H T EC .
Sample pH Aquifer
m °C pS/cm
173/51 91073 | 77100 289 277.8 - 20 1119 Barremian-Aptian
175/51 93600 | 74614 351 346.28 - 20 1106 Barremian-Aptian
176/51 96737 | 76130 423 420 - 22 1743 Barremian-Aptian
181/51 83495 | 77133 161 160 - 19 1986 Barremian-Aptian
208/51 80513 | 72537 221 217.5 - 18 5184 Barremian-Aptian
209/51 80229 | 73441 141 1404 - 21 2169 Barremian-Aptian
214/51 79740 | 75462 98 98 - 22 4498 Barremian-Aptian
216/51 83750 | 80350 174 174 - 23 1668 Barremian-Aptian
217/51 85015 | 73957 253 24455 - 18.7 316 Barremian-Aptian
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Campaign of march 1997: Barremian-Aptian Aquifer

X ‘ Y ‘ y/ ‘ H T EC
Sample pH Aquifer
m °C #S/cm
224/51 89577 76991 256 253.3 - 21 3190 Barremian-Aptian
Mg4 88000 79900 239 231.3 - 21.8 1867 Barremian-Aptian
MB86 89322 | 78410 234 213 - 21.3 1401 Barremian-Aptian
M74 95250 | 75315 407 404.8 - 18.2 1341 Barremian-Aptian
P5 89504 | 77758 244 235.6 - 21.7 950 Barremian-Aptian
P11 85483 73677 271 256 - 20.5 763 Barremian-Aptian
213/51 79250 | 76225 154 153.15 - 26 4906 Barremian-Aptian
215/51 84100 | 76550 157 156 - 20.5 1746 Barremian-Aptian
395/51 83800 | 81500 1554 1194 - - - Barremian-Aptian
M85 89400 | 79100 258 202 - 22 2488 Barremian-Aptian
P3 90200 | 77750 260 241.6 - 21 1031 Barremian-Aptian
P4 89000 | 78950 230 204 - 22 1062 Barremian-Aptian
Campaign of march 1997: Hauterivian Aquifer
X ‘ Y ‘ V/ ‘ H T EC .
Sample pH Aquifer
m °C #S/cm
163/52 93398 63491 164 139.8 - 232 1153 Hauterivian
165/51 94198 | 68475 287 281.3 - - - Hauterivian
187/51 90798 | 68298 288 282.86 - 21 2807 Hauterivian
P9 90126 | 63897 143 143 - 20.5 3376 Hauterivian
198/51 98271 | 68747 335 328.69 - 21.5 1967 Hauterivian
161/51 94700 | 63550 175 1664 - 24 1740 Hauterivian
190/51 88950 | 64200 132 1214 - 21 2297 Hauterivian
195/51 85125 | 64050 91.6 899 - 17 3444 Hauterivian
P1 89200 63800 160 158.6 - - - Hauterivian
P6 90500 | 67850 240 237.8 - 20.8 1314 Hauterivian
P7 92200 | 67700 340 338 - 21 3403 Hauterivian
M92 94300 | 66000 318 298.9 - 225 4636 Hauterivian
P10 88950 | 64250 130 130 - 23 2013 Hauterivian
191/51 88000 | 64300 130 130 - 23 2121 Hauterivian
MOl 87700 | 63950 118 1154 - 22 1964 Hauterivian
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Campaign of december 1995: Cenomano-Turonian Aquifer

X ‘ Y ‘ V/ ‘ H T EC
Sample pH Aquifer
m °C pS/em
1 115500 | 108500 365 335.85 - - - Cenomano-Turonian
824/52 115600 | 106150 360 347.8 - 18 2600 Cenomano-Turonian
3 114600 | 107450 335 320.75 - - - Cenomano-Turonian
1045/52 113400 | 105800 375 343.87 - 20 2230 Cenomano-Turonian
6 115200 | 101750 430 419 - - - Cenomano-Turonian
1049/52 117150 | 101600 430 405.5 - 20 804 Cenomano-Turonian
93/52 120000 | 104800 350 375 - 20 1410 Cenomano-Turonian
80/52 122100 | 104200 365 3922 - 19.5 1460 Cenomano-Turonian
Campaign of december 1995: Cenomano-Turonian Aquifer
X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C pS/em

20 122800 | 102400 405 404.75 - - - Cenomano-Turonian
75/52 128200 | 103750 465 460.5 - 18 1080 Cenomano-Turonian
794/52 128800 | 104000 475 4475 - 17.5 795 Cenomano-Turonian
23 129200 | 103150 476 454 .85 - 18 700 Cenomano-Turonian
24 130900 | 104350 483 4709 - - - Cenomano-Turonian
926/52 131500 | 104800 500 468 - 20 1040 Cenomano-Turonian
796/52 134000 | 106500 545 528 - 195 352 Cenomano-Turonian
792/52 131450 | 102600 495 4899 - 18 531 Cenomano-Turonian
898/52 131550 | 102150 494 486 - 16 567 Cenomano-Turonian
907/52 130700 | 101300 502 485 - 20 765 Cenomano-Turonian
664/52 130000 | 101600 498 489.82 - 20 780 Cenomano-Turonian
107/52 125250 | 100500 460 461 - 18.5 752 Cenomano-Turonian
806/52 128900 | 95700 585 579.7 - 19 528 Cenomano-Turonian
47 127250 | 99500 496 495.7 - 21 716 Cenomano-Turonian
807/52 130650 | 98600 515 533.1 - 21 1020 Cenomano-Turonian
648/52 131600 | 101200 502 468.8 - 21 616 Cenomano-Turonian
789/52 137750 | 98800 610 589.8 - 20 2200 Cenomano-Turonian
105/52 138600 | 98400 600 623 - 15 2010 Cenomano-Turonian
52 138900 | 97600 623 610 - Cenomano-Turonian
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X ‘ Y ‘ z ‘ H T EC
Sample pH Aquifer
m °C #S/em
776/52 142100 | 95850 630 629.5 - 18.5 788 Cenomano-Turonian
55 142000 | 94000 672 654.95 - Cenomano-Turonian
59 138150 | 93600 700 699.8 - 19 1160 Cenomano-Turonian
83/52 117400 | 100700 440 427 - - - Cenomano-Turonian
7 115550 | 98800 440 409 - - - Cenomano-Turonian
11 118300 | 96400 400 403.1 - - - Cenomano-Turonian
13 118200 | 95700 400 395.65 - - - Cenomano-Turonian
813/52 118250 | 95150 410 392 - - - Cenomano-Turonian
15 118100 | 94450 392 3914 - - - Cenomano-Turonian
16 118800 | 95350 405 391.7 - - - Cenomano-Turonian
820/52 117500 | 97900 390 436 - 16 382 Cenomano-Turonian
108/52 123750 | 99100 460 427.35 - - - Cenomano-Turonian
816/52 121500 | 98500 430 404.5 - - - Cenomano-Turonian
822/52 120000 | 101000 436 4474 - 205 759 Cenomano-Turonian
36 119100 | 99700 430 391 - - - Cenomano-Turonian
821/52 119400 | 98150 416 405.5 - - - Cenomano-Turonian
38 120700 | 97250 424 397 - - - Cenomano-Turonian
39 120750 | 96800 430 401 - - - Cenomano-Turonian
40 121600 | 96100 450 418.58 - - - Cenomano-Turonian
41 122150 | 96450 458 446.9 - - - Cenomano-Turonian
43 121850 | 95900 465 449.7 - - - Cenomano-Turonian
805/52 126150 | 99250 519 501.6 - 21 990 Cenomano-Turonian
Campaign of june 1995: Plio-Quaternary Aquifer
X ‘ Y ‘ V/ ‘ H T EC .
Sample pH Aquifer
m °C #S/cm

3/51 81472 | 93666 7 3.8 - 19 2550 Plio-Quaternary

11/51 80383 | 96193 3 -1.8 - 18 4830 Plio-Quaternary

15/51 85890 | 97935 65 47.6 - - - Plio-Quaternary

27/51 95370 | 91109 201 156.9 - 21 2000 Plio-Quaternary

105/51 99402 | 100883 114 105.1 - - - Plio-Quaternary

125/51 93741 93786 152 90.5 - 24 3330 Plio-Quaternary
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X ‘ Y ‘ Z ‘ H T EC
Sample pH Aquifer
m °C #S/cm
138/51 88289 | 92860 105 79.8 - 21 3960 Plio-Quaternary
140/51 87205 | 103776 60 50.3 - 19 2700 Plio-Quaternary
148/51 85703 | 102084 58 143 - - - Plio-Quaternary
149/51 85100 | 105800 36 23 - 22 3580 Plio-Quaternary
327/51 89220 | 88690 124 95.8 - 215 1870 Plio-Quaternary
134/51 91990 | 97737 106 67.3 - - - Plio-Quaternary
13/51 86225 | 102800 60 32,6 - - - Plio-Quaternary
20/51 88150 | 96050 92 66.3 - - - Plio-Quaternary
33/51 96800 | 96750 164 822 - 21 2340 Plio-Quaternary
93/51 92370 | 101900 98 66.7 - 215 2150 Plio-Quaternary
101/51 94570 | 101850 100 69.9 - - - Plio-Quaternary
106/51 100600 | 100550 118 108.6 - - - Plio-Quaternary
116/51 100650 | 96000 200 178 - 22 2610 Plio-Quaternary
128/51 93250 | 98250 120 65 - - - Plio-Quaternary
129/51 90275 | 102950 66 504 - - - Plio-Quaternary
131/51 91800 | 99600 97 69.2 - - - Plio-Quaternary
132/51 89750 | 98500 99 60.6 - 155 2580 Plio-Quaternary
260/51 96600 | 100750 115 78.5 - 20.5 2090 Plio-Quaternary
261/51 96420 | 99250 124 89.9 - 23 2000 Plio-Quaternary
272/51 97170 | 100000 105.5 79.3 - 20.5 2280 Plio-Quaternary
278/51 90800 | 103400 72 57.7 - - - Plio-Quaternary
376/51 95350 | 88650 270 2214 - - - Plio-Quaternary
Campaign of september 1990: Plio-Quaternary Aquifer
X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C #S/cm
3/51 81472 | 93666 7 24 8.05 20 3104 Plio-Quaternary
11/51 80383 | 96193 3 -1.03 8.31 19 1274 Plio-Quaternary
15/51 85890 | 97935 65 60.15 7.73 16 4434 Plio-Quaternary
27/51 95370 | 91109 201 169.52 - - - Plio-Quaternary
28/51 97284 | 91810 234 184.65 7.94 23 3991 Plio-Quaternary
53/51 92700 | 104180 73 58.33 - - - Plio-Quaternary
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X ‘ Y ‘ V/ ‘ H T EC .
Sample pH Aquifer
m °C pS/em
103/51 94830 | 102206 91 62.55 - - - Plio-Quaternary
105/51 99402 | 100883 114 102.73 8.08 22 1850 Plio-Quaternary
125/51 93741 | 93786 152 94.55 8.01 25 4212 Plio-Quaternary
137/51 86733 | 94515 81 622 8.06 22 4101 Plio-Quaternary
Campaign of september 1990: Plio-Quaternary Aquifer
X ‘ Y ‘ Z ‘ H T EC .
Sample pH Aquifer
m °C uS/cm
138/51 88289 | 92860 105 79.86 7.8 215 5654 Plio-Quaternary
140/51 87205 | 103776 60 50.21 8.16 19.5 2328 Plio-Quaternary
148/51 85703 | 102084 58 25.65 8.2 21 1197 Plio-Quaternary
149/51 85100 | 105800 36 -2.67 8.25 22 4268 Plio-Quaternary
327/51 89220 | 88690 124 91.15 7.81 22 4711 Plio-Quaternary
134/51 91990 | 97737 106 674 - - - Plio-Quaternary
21/51 89582 | 91439 128 100.81 7.66 20 5654 Plio-Quaternary
20/51 87750 | 95925 92 66.48 7.88 21 3547 Plio-Quaternary
33/51 97000 97000 150 86 79 22 2993 Plio-Quaternary
90/51 93450 | 103700 38 70.1 8.37 20.5 1796 Plio-Quaternary
91/51 94050 | 102750 86 62.9 - - - Plio-Quaternary
93/51 92300 | 101950 96 66.9 - - - Plio-Quaternary
101/51 94575 | 101850 100 71 84 21 1674 Plio-Quaternary
104/51 97400 | 99750 115 782 Plio-Quaternary
116/51 100725 | 96000 200 178.62 79 225 3048 Plio-Quaternary
117/51 100500 | 98450 180 136.42 8 22 1219 Plio-Quaternary
127/51 93750 | 97250 125 73.99 795 19.5 4545 Plio-Quaternary
128/51 93250 | 98200 120 73.67 - - - Plio-Quaternary
129/51 90275 | 102950 66 51.42 - - - Plio-Quaternary
131/51 91400 | 99300 97 69.3 8.1 18 1252 Plio-Quaternary
132/51 89300 | 98300 99 60.6 8.55 15 3104 Plio-Quaternary
147/51 82900 | 94650 35 16.94 8.51 20 1208 Plio-Quaternary
272/51 97170 | 100000 105.5 76.4 8.55 21 1452 Plio-Quaternary
278/51 90800 | 103400 72 59.26 - - - Plio-Quaternary
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X ‘ Y ‘ VA ‘ H T EC
Sample pH Aquifer
m °C #S/cm
324/51 87500 | 103400 80 47.15 - - - Plio-Quaternary
376/51 95350 | 88650 270 222.65 8.09 215 1773 Plio-Quaternary
377/51 97350 90350 252 238.8 8.08 205 2017 Plio-Quaternary
Campaign of august 1976: Barremian-Aptian Aquifer
X ‘ Y ‘ V/ ‘ H T EC .
Sample pH Aquifer
m °C pS/em
173/51 91073 | 77100 289 27221 - - - Barremian-Aptian
175/51 93600 | 74914 351 330.42 - - - Barremian-Aptian
176/51 96737 | 76130 423 423 - - - Barremian-Aptian
181/51 83495 | 77133 161 159.6 - - - Barremian-Aptian
209/51 80229 | 73441 141 137.18 - - - Barremian-Aptian
208/51 80513 | 72537 221 215.8 - - - Barremian-Aptian
216/51 83750 80350 174 170.65 - - - Barremian-Aptian
205/51 78850 72500 162 159.93 - - - Barremian-Aptian
207/51 78750 72500 120 118.53 - - - Barremian-Aptian
210/51 80200 73450 100 98.33 - - - Barremian-Aptian
213/51 79250 | 76225 154 151.5 - - - Barremian-Aptian
215/51 84100 | 76550 157 1559 - - - Barremian-Aptian
Campaign of august 1976: Hautrivian Aquifer
X ‘ Y ‘ V/ ‘ H T EC
Sample pH Aquifer
m °C pS/em
163/52 93398 | 63491 164 149.85 - - - Hauterivian
165/51 94198 | 68475 287 278.55 - - - Hauterivian
192/51 94413 | 68601 287 281.55 - - - Hauterivian
187/51 90798 | 68298 288 283.25 - - - Hauterivian
161/51 94700 | 63550 175 168.9 - - - Hauterivian
166/51 94600 | 68600 307 291.05 - - - Hauterivian
167/51 94600 64450 | 303.75 | 296.52 - - - Hauterivian
188/51 92100 | 68200 333 32993 - - - Hauterivian
190/51 88950 | 64200 132 132 - - - Hauterivian
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X ‘ Y ‘ V/ ‘ H T EC
Sample pH Aquifer
°C #S/cm
193/51 87450 | 63600 110 104.42 - - - Hauterivian
194/51 96750 63750 85 85 - - - Hauterivian
195/51 85125 | 64050 91.6 84.33 - - - Hauterivian
222/51 84900 | 64200 98 92.03 - - - Hauterivian
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This book is a compilation of hydrogeological, hydro-geochemical, isotopic and climatic data over
40 years in the Essaouira basin. The latter includes eight aquifers out of the 80 that are dispersed
throughout the country. The impact of climate change in Morocco has been evaluated for this
basin to see the prospects of the state of the resource both on the quantitative and qualitative
levels. This study extends from 1980 to 2022 and includes the most severe periods of drought that
Morocco has experienced, including 1995, the driest year of the last century. It synthesizes my
research work, from the end of studies project at the Mohammadia School of Engineering

(1979/1980) to the theses I supervised in 1991, 1993, 1997, 2001, 2009, 2014, 2020 and 2022.
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