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ABSTRACT
Al-Qurain residential area has experienced the problem of water rise threatening the
foundations and basements of houses. Al-Qurain study area is one of the largest recently developed
urbanized suburbs in Kuwait with a population of more than 100,000. The main objective of this paper
is to use the stable environmental isotopes to identify the recharge source that is causing groundwater
rise. Water samples were collected from an existing 25 groundwater wells and from the potential
recharge sources. The samples were analyzed for oxygen-18 (18O), deuterium (2H), nitrogen-15 (15N)
and Sulphur-34 (34S) isotopes. The stable isotopic composition of Oxygen-18 and Deuterium of
groundwater samples did not indicate any evaporation effect and thus appears to be not originating
from any surface water bodies or from any anthropogenic activities such as agricultural return-flows,
leakages from freshwater, wastewater pipe networks. Moreover Sulphur isotopes results confirmed
that the groundwater sulphate in the study area is of evaporitic origin and originated from deeper
aquifers, while Nitrate isotopes results confirmed its desert nitrate deposits origin. Enriched isotopic
composition of Oxygen-18 and Deuterium in upper part of Kuwait Group groundwater indicated the
recharge from evaporated rainwater and water from nearby landfill. Although groundwater of the
uppermost aquifer of Kuwait group (KG) is influenced by local recharge, the major recharge source is
the Dammam Formation and deeper aquifers. The isotopic similarity between the Dammam aquifer
and the overlying Kuwait Group aquifers confirmed their hydraulic interconnection. It was concluded
that the rise of the groundwater in the study area can be attributed to the upward seepage from the
lower Dammam Formation and the infiltration of rainwater and water from the nearby landfill. To
overcome the water rise problem in Al-Qurain area, it is recommended to design and implement a
dewatering system that takes in to considerations the geo-technical properties.
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INTRODUCTION

The subsurface water rise in the residential areas of Kuwait City and its suburbs is of major
concern. It is affecting the environment and hindering the sustainable development of the city. The
impacts that were witnessed in Kuwait City due to water rise were numerous and severe, including
flooding of basements and foundations, corrosion of network pipes, deterioration of underground
installations, deterioration of groundwater quality, surface water logging and other effects which are
objectionable on environmental and health grounds.
The study area, Al-Qurain (Fig. 1) is one of the largest recently (1988) developed urbanized suburbs
in Kuwait with a population of more than 100,000. Different types of private houses and governmental
buildings are present in this area, with attendant support facilities. These support facilities include
water supply and sewer system networks, landscaping projects and public gardens. A large number of
private gardens of different sizes also abound in the area.

Seventeenth International Water Technology Conference, IWTC17

Istanbul, 5-7 November 2013

Figure 1. Study area

The environmental isotopes i.e., hydrogen (H), carbon (C), nitrogen (N), oxygen (O) and
sulfide (S) are naturally occurring isotopes of elements found in abundance in the environment. These
are the principal elements of hydrological, geological and biological systems. They are used to trace
not only groundwater provenance, but also recharge processes, subsurface processes, geochemical
reactions and reaction rates (Clark and Fritz, 2000). The stable isotopes oxygen-18 (18O) and
deuterium (2H) were used in different hydrological study to investigate the origin of water in the
aquifer system in the study area. Detection and evaluation of pollutants by means of environmental
isotopes (either stable or radioactive such as 13C/12C, 15N/14N, 34S/32S, 37C/35C, 87Sr/86Sr, 11B/10B, etc.)
may be possible due to the fact that some of the dissolved substances may have a distinct isotopic
composition which is linked to origin and which is not changed by subsequent chemical or physical
reactions. Sulphur (34S/32S) and oxygen (18O/16O) isotope ratios in dissolved sulphate (SO42-) are the
most commonly studied isotopes of sulphate. Hydrogen sulphide implies reduction of pre-existent
sulphate, the origin of which may be traced through isotope studies (Fritz et al., 1980). The
combination of NO3- concentration and δ15N of NO3- and linking δ15N (NO3-) values with
concentrations of anions and cations in water also provides valuable information for identifying NO 3sources (Xue et al., 2009).
2

2.1

METHODOLOGY
Groundwater Sampling

Groundwater samples were collected from a total of 25 wells in the study area completed at
different depth zones. All wells were completed in the upper Kuwait group aquifer and one well in the
lower Dammam formation aquifer. Additionally, samples were collected from freshwater network,
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wastewater network, rain water and sea water. Groundwater samples were collected using electric
submersible pumps and a flow cell was used to record the field parameters. Groundwater samples
were collected for isotopic analysis of stable isotopes (Oxygen -18, Deuterium, Nitrogen -15, Sulphate
-34 and Sulphide -34). For 18O and 2H isotopes sample were collected in 50ml airtight plastic bottles.
For 15N isotope 1 liter of sample is filtered through 0.45 m filters and collected in rinsed glass bottles.
Concentrated sulphuric acid or hydrochloric acid is added to lower the pH to less than 2 in order to
preserve the sample against biological activity. Sampling of dissolved Sulphate and Sulphide for 34S
and 18O is done by BaSO4 precipitation by adding BaCl2.2H2O to water sample at low pH (4 to 5) to
discourage the precipitation of carbonates as BaCO3. For samples containing sulphide samples are
filled in a clean 2 L bottle containing 1 to 2 g of cadmium acetate to precipitate sulphides. A bright
yellow precipitate forms, which is separated by filtering. The filtrant is then used to precipitate
sulphate using BaCl2.

2.2

Laboratory Analysis

Groundwater Groundwater samples were analyzed for oxygen-18 (18O), deuterium (2H),
nitrogen-15 (15N) and Sulphur-34 (34S) isotopes.
The laboratory analyses of the collected samples were carried out at the German laboratory
(UFZ Helmholtz Centre for Environmental Research Department Catchment) for Nitrogen and
Sulphur isotopes using Isotope Ratio Mass Spectrometer are presented in Table 1. Table 2 presents the
analyses of stable isotopes 18O and 2H carried out in the hydrology laboratory in KISR. An off-axis
integrated cavity output spectroscopy (OA-ICOS) water isotope analyzer (Los Gatos model 908-0008)
was used to analyze Oxygen 18 and Deuterium in water samples. δ 2H, δ 18O and δ15N& δ18O(NO3)
and δ 34S & δ 18O(SO4) results are expressed in δ notation with respect to the standards, namely
Vienna-Standard Mean Ocean Water (V-SMOW) and Vienna-Canyon-Diablo Troilite (V-CDT),
respectively.
Table 1. Laboratory Analysis Results of Nitrogen and Sulphur Isotopes

Sample ID

δ15Nnitrate
[‰air]

δ18Onitrate
[‰VSMOW]

δ34Ssulphide
[‰VCDT]

δ34Ssulphate
[‰VCDT]

δ18Osulphate
[‰VSMOW]

QR-1A

4.6

12.8

n.s.

13.5

12.1

QR-1B

5.7

19.2

n.s.

11.7

11.7

QR-1C

14.5

45.9

n.s.

24.3

14.3

QR-1D

14.6

55.8 ± 3.8

-8.6

24.0

13.5

QR-1E

n.n.

n.n.

-10.1

31.3

16.1

QR-01

n.n.

n.n.

-11.3

31.6

14.8

QR-08

5.1

19.2 ± 3.5

n.s.

14.1

13.6

QR-09

6.6

13.3

n.s.

12.1

11.2

QR-16

6.3

15.1

n.s.

12.0

11.1

QR-18

n.n.

n.n.

-9.9

32.4

14.6

QR-20

n.n.

n.n.

n.s.

10.7

12.9

Note: n.n. = nitrate content below detection limit and n.s. = sulphide content below detection
limit.
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Table 2. Laboratory Analysis Results of Deuterium and Oxygen-18

Sample No.
Deuterium (‰)
Oxygen-18 (‰)
QR-1A
-8.03
-1.02
QR-1B
-13.02
-1.38
QR-1C
-26.26
-2.33
QR-1D
-24.8
-2.34
QR-1E
-28.85
-2.61
QR-01
-31.72
-2.8
QR-02
-11.97
-1.5
QR-03
-16.83
-2.21
QR-04
-21
-2.52
QR-05
-14.41
-1.87
QR-06
-18.37
-1.99
QR-07
2.07
-0.03
QR-08
-13.2
-1.54
QR-09
-9.39
-1.36
QR-10
-10.66
-1.04
QR-11
-5.17
-0.23
QR-12
-7.23
0.12
QR-13
-12.26
-1.45
QR-14
-6.12
-1.25
QR-15
-1.8
-0.92
QR-16
-15.7
-1.89
QR-17
-10.3
-0.55
QR-18
-31.87
-2.96
QR-19
-17.4
-2.11
QR-20
-13.21
-1.49
1
QR-BW
-24.32
-3.72
QR-FW1
-14.36
-2.40
1
QR-WW
-11.6
-1.46
QR-SW1
13.57
2.11
1
QR-RW
6.06
-0.91
1
BW – Brackish water Network; FW – Fresh water Network; WW – Waste water Network;
SW – Sea water; RW – Rain water
3

3.1

RESULTS AND DISCUSSIONS
Stable Isotopes

The stable isotopic analysis of the groundwater samples and expected source water samples of
the study area are presented in Table 2. The plot of δD and δ18O values of the groundwater samples
and expected source are shown in Fig.2 with respect to global meteoric water line (GMWL) (δ2H=
8δ18O+10; Craig, 1981), United Arab Emirates (UAE) local meteoric water line (δ2H= 8δ18O+17;
Zouari, 2004) and North Oman meteoric water line (δ2H= 8δ18O+16; Zouari, 2004). The UAE and
North Oman lines were used as the closest local meteoric lines available. The stable isotopic
composition of Oxygen-18 and Deuterium of these ground water samples were of depleted nature and
the trend of depletion increased with the depth. They do not show any evaporation effect and thus
appears to be not originating from any surface water bodies or from any anthropogenic activities such
as agricultural return-flows, leakages from freshwater, wastewater pipe networks. The groundwater
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values for δ18O varied from -2.96‰ to 0.12‰ with an average of -1.57‰ where as values for δ2H
varied from -31.87‰ to 2.07‰ with an average of -14.7‰. The δ18O and δ2H values for Dammam
aquifer water was -2.8‰ and -31.72‰ respectively indicating no recent infiltration water reaching
Dammam aquifer. This isotopic similarity between the two aquifers confirmed the hydraulic
interconnection between Dammam aquifer and the overlying Kuwait Group aquifer. The effect of
evaporation is quite clear in the groundwater of upper Kuwait group because its isotopic composition
is slightly enriched with heavy isotopes indicating that, during relatively heavy rainfall, rainwater is
collected in the depressions and affected by evaporation which make it enriched in heavy stable
isotopes. This water then infiltrates and mixes with the water of the underlying upper Kuwait group
aquifer.
The stable isotopic composition of the water from brackish, fresh and wastewater from networks did
not match with that of groundwater samples showing none of these sources affecting groundwater in
the study area. Moreover, enriched deuterium and Oxygen 18 values in the groundwater of well nos.
QR-07 and QR-12 showed the presence of another source of water of different quality mixing with
groundwater. The source of this water can be attributed to the effect of landfill located near these two
wells. The water quality results confirm this mixing of groundwater with contaminated water.

Figure 2. Cross-plot of δ2H versus δ18O for water samples from the study area.

3.2

Sulphur (34S/32S) and oxygen (18O/16O) isotope ratios in dissolved sulphate (SO42-)

The sulfate concentrations in the study area ranged widely between 1200 and 6000 mg/l with
an average concentration of 3200 mg/l. Origin of this high sulphate can be obtained through isotopic
analysis of these samples there by origin of the groundwater. Sulphate originates from dissolution of
gypsum or anhydrite (δ34S(SO42-) values from +15 to +35‰), Fertilizers (δ34S (SO42-) is near zero) and
precipitation.
Due to large overlap of δ34S of various origins and subsequent modifications linked to
bacterial metabolism, it is difficult to assess the origin of sulphate only on the basis of δ34S
measurement. Measurement of the δ18O content of the sulphate ion may provide complimentary
information;
a.
Sulphate coming from Evaporate Deposits. δ18O (SO42-) value is between +9 and 15‰.
b.
Sulphate from Fertilizers. δ18O (SO42-) is higher (+23‰), due to the inclusion of atmospheric
oxygen.
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Bacterial Reduction. Produces an increase in δ34S as well as δ18O in the remaining sulphate
and thus possible to follow the progress of the reduction process in the aquifer.

Fig. 3 shows the plot of δ34S (SO42-) vs δ18O (SO42-) values of a few monitoring wells at the AlQurain Residential area in Kuwait. As seen from the plot, the well samples measured δ 34S (SO42-)
values in the range 10.7 to 32.4‰ and δ18O (SO42-) values range from 11.1 to 16.1‰. This suggests
that ground water sulphate in the study area are basically evaporates originated from deep
groundwater probably from Um Rudhuma formation which is below the Dammam formation and they
did not originate from fertilizer application or from atmospheric deposition. Also, they did not
originate from soil sulphate or from sulphate derived from oxidation of reduced inorganic sulphate
compounds. This finding needs to be supplemented with the age of these ground waters, probably
based on environmental 3H and 14C or 36Cl analyses, as evaporates are generally very old groundwater.
The environmental 3H analyses of a few well samples (BS-14, BS-10, BS-9, BS-6) located in the
Burgan area nearby study area measured very low values (0.09-0.95TU). The 14C analyses of a well
sample (BS-14) which tapping Dammam formation aquifer measured a value of 10.5 pMC
(corresponds to an uncorrected age of 18200±800 a Before Present) which probably corroborates the
δ34S (SO42-) and δ18O (SO42-) finding mentioned above.
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Figure 3. Plot of δ34S(SO42-) vs δ18O (SO42-) values

3.3

Nitrogen isotope (15N/14N) Ratios in Nitrates (NO3-)

Attempts have been made to detect the origin of nitrate pollution in aquifers through the use of
the natural abundance of 15N (Kohl et al., 1971). The maximum concentration for nitrate in the study
area is 134 mg/l while the minimum concentration is 2.2 mg/l. The mean value for nitrate is 33.6 mg/.
In some cultivated areas, nitrogen coming from the natural mineralization of soil organic nitrogen was
shown to be enriched in 15N (from +7 to +8‰). These data were obtained through aerobic incubations
as well from the unfertilized cultivated experimental soil plots (Rennie et al., 1976). Nitrogen from
uncultivated soil appears slightly less enriched. The isotope composition of fertilizers is near zero,
owing to the synthesis of nitrogen from air (δ15N=0). Nitrates coming from the oxidation of organic
matter from sewers or agricultural manure are enriched due to the volatilization of ammonia, which
favors 14N, and enrichment is commonly higher than 12‰. In some cases, in aquifers where pollution
sources are not too many, a distinct correlation exists between the isotopic composition of nitrate in
groundwater, which is better explained by the mixing of soil nitrate with unused fertilizer nitrate or
with nitrate coming from organic reuse.
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Fig. 4 shows the plot of δ15N (NO3-) vs δ18O (NO3-) values of a few monitoring wells at the AlQurain residential area in Kuwait. As seen from the plot, the well samples measured δ 15N (NO3-)
values in the range 4.6 to 14.6‰ and δ18O (NO3-) values range from 12.8 to 55.8‰. As seen from the
plot, there are two groups; one (QR-1C, QR-1D) indicating either desert Nitrate deposits or Nitrate in
precipitation and the other group mostly indicating their origin as precipitation.
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Figure 4. Plot of δ15N (NO3-) vs δ18O (NO3-)

As a summary, δ34S (SO42-) vs δ18O (SO42-) and δ15N (NO3-) vs δ18O (NO3-) of the brackish
groundwater samples, respectively, indicate that they are evaporitic origin and desert nitrate deposits
and are recharged 18200±800 a Before Present (apparent age of groundwater). The δ2H and δ18O of
groundwater indicate that they do not show any evaporation effect and thus appears to be not
originating from any surface water bodies or from any anthropogenic activities such as agricultural
return-flows, leakages from freshwater, wastewater pipe networks.
4

CONCLUSIONS AND RECOMMENDATIONS

The stable isotopic composition of Oxygen-18 and Deuterium of groundwater samples did not
indicate any evaporation effect and thus appears to be not originating from any surface water bodies or
from any anthropogenic activities such as agricultural return-flows, leakages from freshwater,
wastewater pipe networks. Moreover Sulphur isotopes results confirmed that the groundwater sulphate
in the study area is of evaporitic origin and originated from deeper aquifers, while Nitrate isotopes
results confirmed its desert nitrate deposits origin. Enriched isotopic composition of Oxygen-18 and
Deuterium in upper part of Kuwait Group groundwater indicated the recharge from evaporated
rainwater and water from nearby landfill. Although groundwater of the uppermost aquifer of Kuwait
group (KG) is influenced by local recharge, the major recharge source is the Dammam Formation and
deeper aquifers. The isotopic similarity between the Dammam aquifer and the overlying Kuwait
Group aquifers confirmed their hydraulic interconnection. It was concluded that the rise of the
groundwater in the study area can be attributed to the upward seepage from the lower Dammam
Formation and the infiltration of rainwater and water from the nearby landfill. To overcome the water
rise problem in Al-Qurain area, it is recommended to design and implement a dewatering system that
takes in to considerations the geo-mechanical properties of the soil and the potential impact of
groundwater pumping on the foundations of the buildings within the area.
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