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INTRODUCTION

Geographical situation

Urban aquifers might be an alternative freshwater resource
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INTRODUCTION

Geographical situation

Barcelona underground hides 
a water reservoir

The rise of phreatic levels cause seepage problems in 
parking lots and in the subway

Urban aquifers might be an alternative freshwater resource
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 Besòs River Delta (NE Barcelona, Spain) 
 Underground parking lot located 200m from 

the river Besòs
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INTRODUCTION

Underground parking lot of Plaça de la Vila 
(Sant Adrià del Besós) December 1971
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INTRODUCTION

Underground parking lot of Plaça de la Vila 
(Sant Adrià del Besós) December 1971

 Groundwater infiltration problems since 1971
 1972-2005   Continuous groundwater pumping to keep the 3rd story dry
 Until 2005  5 pumpings wells extracting up to 350 l/s
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INTRODUCTION

10 min 2 hours 4 hours

Shutdown of the pumping wells
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INTRODUCTION Groundwater infiltration problems since 1971
 1972-2005   Continuous groundwater pumping to keep the 3rd story dry
 Until 2005  5 pumpings wells extracting up to 350 l/s
 Since 2005  4 pumpings wells extracting 150-200 l/s 
 Monitoring network of 15 piezometers were constructed
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INTRODUCTION

 <1% of the pumped groundwater is used, the rest is directly  poured into 
the sewage system

 Serious management problems with very high economic costs
Pumping equipment maintenance
High energy consumption
Structural problems due to the dragging of fine materials

 Groundwater infiltration problems since 1971
 1972-2005   Continuous groundwater pumping to keep the 3rd story dry
 Until 2005  5 pumpings wells extracting up to 350 l/s
 Since 2005  4 pumpings wells extracting 150-200 l/s 
 Monitoring network of 15 piezometers were constructed
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Can this pumped urban groundwater (UGW) be used for other
purposes (e.g., drinking water) instead of wasting this
valuable resource?

INTRODUCTION
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Can this pumped urban groundwater (UGW) be used for other
purposes (e.g., drinking water) instead of wasting this
valuable resource?

4. To assess the potential uses of UGW

1.To quantify the 
groundwater 

recharge
2. To characterize the 

pollution sources

3. To investigate the 
evolution of UGW 

quality in relation to 
the sources

INTRODUCTION
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STUDY AREA
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Groundwater recharge quantification

RESULTS&DISCUSSION
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Groundwater recharge quantification

6

4

2

0

-6

-4

-2

-8

-10

40,000

35,000

30,000

25,000

20,000

10,000

5,000

15,000

0

G
ro

un
dw

at
er

 e
xt

ra
ct

io
n 

 (m
3 /d

ay
)

Pi
ez

om
et

ric
 h

ea
d 

 (m
a.

s.
l.)

14,0000 m3/d
5 Hm3/y

UGW extraction and piezometric head (m a.s.l.)

RESULTS&DISCUSSION



15

4

3

0

-2

-1

-3

-4

1

2

30

10

20

0

40

50

60

70

Q
 ri

ve
r (

m
3 /s

)

Pi
ez

om
et

ric
 h

ea
d 

 (m
a.

s.
l.)

Piezometric head measured in the monitoring 
network 

Groundwater recharge quantification
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Groundwater recharge quantification
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Chloride concentration Vs. River flow

Characterization of the pollution sources
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Characterization of the pollution sources

River Besòs samples

Initial End-members

End-member results
Analysis MIX_1

End-member results
Analysis MIX_2

End-member mixing analysis (EMMA)

3 River Besòs 
end-members (mg/L) 

Tubau et al.  (2014)

RESULTS&DISCUSSION
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Assessment of the urban groundwater quality

 Quantifies mixing ratios in the case of uncertain end-members
 Use the concentration of samples (mixtures)

 Uncertainty is quantified in terms of standard deviations

MIX CODE ( Carrera et al., 2004) 

Jurado et al. (2013)
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RESULTS&DISCUSSION
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Quantify the proportions in which the River Besòs end-members contribute 
to the resident water of the aquifer

(Jurado et al., 2017)

Spatial distribution of the mixing ratios
February 2008 (Sampling campaign 2)

Average mixing ratios 

D2 D1 W1
End-members

RESULTS&DISCUSSION

Assessment of the urban groundwater quality
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29

Major and minor ions Vs. RD 140/2003 (sanitary criteria for the quality 
of water for human consumption)

RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
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RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
Major and minor ions Vs. RD 140/2003 (sanitary criteria for the quality 

of water for human consumption)
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RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
Major and minor ions Vs. RD 140/2003 (sanitary criteria for the quality 

of water for human consumption)
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RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
Metals Vs. RD 140/2003 (sanitary criteria for the quality of  water for human 

consumption)
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RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
Metals Vs. RD 140/2003 (sanitary criteria for the quality of  water for human 

consumption)
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RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
Metals Vs. RD 140/2003 (sanitary criteria for the quality of  water for human 

consumption)
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29

Organic compounds Vs. RD 140/2003 (sanitary criteria for the quality of water 
for human consumption)

RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
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Organic compounds Vs. RD 140/2003 (sanitary criteria for the quality of water 
for human consumption)

RESULTS&DISCUSSION

Variation of the urban groundwater quality over time
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Assessing the potential uses of pumped urban groundwater

Human consumption 
Need additional treatment
Ex: Aeration (metals), ion exchange with zeolites, 

biological filters or chlorination (ammonium)

Managed Aquifer recharge
It Improves the quality of infiltrated water
It allows water storage in the aquifer

Environmental uses
Contribute to the baseflow of the river (summer)

Hydraulic barrier against seawater  intrusion 

Urban uses
Water public parks 

Cleaning of streets / squares

RESULTS&DISCUSSION
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CONCLUSIONS

There is a huge amount of pumped UGW in shallow aquifer of the 
Besòs River Delta that are not properly managed. 

 The quality of the UGW depends on the quality of the river Besòs
water. In general, the UGW is of better quality after periods of rain
when the contribution of the wet end-member is more significant.

 If the UGW would be used as potable water, additional treatment
would be required because some tracers exceed the limit
established in RD 140/2003, which establishes the health criteria for
the quality of water for human consumption. The main threats are
ammonium and metals manganese, iron and arsenic.

This methodology can be applied to other aquifer settings with
similar purposes.
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Previous
pumping

Minor pumping in 
the outer part 

Inner pumping during the
excavation phase

INTRODUCTION
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28

Average river concentrations Vs. Average groundwater 
concentrations

RESULTS&DISCUSSION

Variation of the urban groundwater quality over time



36

ES
TI

M
AT

ED
 C

O
N

C
EN

TR
AT

IO
N

MEASURED CONCENTRATION
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Assessment of the urban groundwater quality
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INTRODUCTION


