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Groundwater level (m a.s.l.)

Groundwater extraction
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Besos River Delta (NE Barcelona, Spain)

¢ Underground parking lot located 200m from
the river Besos
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s Groundwater infiltration problems since 1971
s 1972-2005 - Continuous groundwater pumping to keep the 3rd story dry
s Until 2005 = 5 pumpings wells extracting up to 350 I/s
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Shutdown of the pumping wells
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» 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 I/s
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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 I/s
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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?

: 3. To investigate the
1.To quantify the 2. To characterize the  evolution of UGW

groundwater Ut . :
recharge pollution sources quality in relation to
the sources

4. To assess the potential uses of UGW
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Plaga de la Vila observation points
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Groundwater recharge quantification

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

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

Groundwater recharge quantification
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Groundwater recharge quantification
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Chloride concentration (mg/L)

Characterization of the pollution sources
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end-members (mg/L)

Characterization of the pollution sources
End-member mixing analysis (EMMA)

5
EMMA projections
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Assessment of the urban groundwater quality
MIX CODE ( Carrera et al., 2004)

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

Z ﬂ’erAie

% Uncertainty is quantified in terms of standard deviations
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Assessment of the urban groundwater quality

Quantify the proportions in which the River Besds end-members contribute
to the resident water of the aquifer

Average mixing ratios

JUL 2007 OCT 2008

FEB 2008

20%

61% 19%

JUL 2014

MAY 2010 DES 2013

End-members

Y IR I

Spatial distribution of the mixing ratios
February 2008 (Sampling campaign 2)
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(Jurado et al., 2017) 22
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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)

Concentrations (mg/L)

ey Cl C2 C3 Ca Cs C6 Cm
Chloride 241.5-308.3 242.3-297.6 249.7-278 181.7-211.8 171.9-221 178.9-2134 79
(268.1)  (2688)  (259.7) (199.5)  (191.8)  (192.9)
151.7-172 177.3-181.4 155.3-166.5 139.1-165.1 1352-158.8 122.7-142.1
Sl (164.4) (1793)  (160.7)  (1503)  (146.8) (135) B
Bicarbonate 401-455.9 4254-470.5 403.5-442.5 391.3-433.9 397.8-418.1 367-410 419.1
(428.1) (449) (426.6) (412) (406) (399.6)
Calcium 131.4-146.8 137.5-149 1294-1479 117.3-1354 106.4-120.7 92.3-120.9 128.7
(1386)  (142.7) (138.7)  (1282)  (1146)  (1114)
Z\'Iagnesimn 28.2-296 23.6-33 28.1-319 25.2-28.7 21.2-253 19.8-25.4 26.9
(28.8) (29.4) (29.6) (27.3) (23.5) (23.1)
z 204-257.3 188.2-211.4 197.4-224 146.3-165.4 119.5-153.4 120.5-157
o (225.6) (200) (209.1)  (1463)  (1373)  (133.8) e
Pkt 16.3-28.1 18.2-21.2 16.4-24 149-213 10.5-15.7 11-21.2 17.9
(21.6) (20.1) (20.8) (17.6) (13.4) (14.5)
Nt 0-143 0-24.7 0.47-10.1 0-3.7 0-12.4 0-13.2 3.9
2.9 (4.3) (2.3) (0.8) (5.9) (7.3)
’ 2-15.2 47-11.8 4-9 2.1-63 1.2-58 0.6-6.6
SR ®) (1.7) 65) @ @.7) 2.2) -
Electrical 1501-1780 1581-1757 1552-1646 1277-1438 1293-1460 1389-1574 1506.9
conductivity (1631.2) (1654.8) (1595.8) (1375.5) (1360.2) (1444 .3) ’
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Variation of the urban groundwater quality over time
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Variation of the urban groundwater quality over time
Metals Vs. RD 140/2003 (sanitary criteria for the quality of water for human

consumption)
Metals Concentrations (ug/L) |
Cl1 c2 c3 c4 Cs C6 Cm [ RD 140/2003
B 712876 096013  0-59.26 55235 95671
A luminium » 9
‘ (93) (161.6) a7y IO 43 (38.4) »3 o
. 2.4-31.1 4275 36322  21-173 1691  15-145
y 7
Arsenic (14.8) (17.1) (16.6) (10.8) (5) (6.4) = 19
Boreg | 20072833 229222989 19932649 13822017 163.4-2443 1716:235 .o
(270.2) (266.8) (2314)  (177.6)  (207.9)  (202.4) '
Cadmum  <LOQ <L0Q (g) (g) <L0Q <LOQ 04
72-12.8 103-174 99132  17-185 <LOQ-29 <LOQ-=2
Chrome (9.6) (14.3) (112) (12.8) 2.3) (1.5) 86
Copper 1.7-54 1.6-12.7 13-64  14-13.7 128  <LOQ-25 is
(3.6) (6.3) (3.4) (5.8) 2.1) 2) '
on  1282-15635 59935953 65.4-1610.5 1965547  12-536 1994147
(589.7) (891.2) (509) (203.6)  (1855)  (187.2) '
Voncapese 17574066 1863-588.6 192.5-8243  64.1-810  23-4332  19-3829 ysg
iang (285.2) (319.2) (3884)  (292.6)  (1336)  (133.9)
Nickel 5.2-8.4 6-8.3 345 465 22-3 3.843 S
(6.5) 0 4.2) .7 2.6) 4@
Lead <L0Q-17 08171 <LOQ-1.1 <LOQ-1 <LOQ-1.5

(1.2) (3.4 (0.68) (0.32) <LOQ 0.53) 1.1
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Variation of the urban groundwater quality over time

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

Concentrations (ug/L)
Compound :
C1 C2 C3 Cc4 Cm RD 140/2003
PR . 0.0 0.0-0.037 0.0-0.005 0.0-0.011 0.008 0.1
(0.023) (0.002) (0.0042)
Diazinon 0.0 o&(())j(c))(.)oél)z 0.0-0.03 (0.008) 0'(%'_‘(;)(')(;())4 0.004 0.1
TBA 0.012-0.061 0.047-0.096 0.003-0.042 0.0-0.026 0.034 0.1
(0.041) (0.071) (0.016) (0.011)
0.056-0.12 0.0-0.022 0.0-0.004
Terbutryn 0.0 (0.088) (0.0053) (0.007) 0.024 0.1
ot pesticiles 0.012-0.061 0.17-0.24 0.003-0.01 0.002- 0.072 0.5
(0.041) (0.19) (0.033) 0.041
PCE 0.58-1.98 1.06-5.13 1.51-5.25 042-442 413
(1.22) (2.43) (2.77) (10.1)
0-1.25 1.17-4.14 0.59-4.74 0.34-2.1
TCE 1.5
(0.48) (2.49) (1.96) (1.1)
PCE+TCE 0.58-3.23 2.23-927 2.14-9.99 0.76-46.3 563
(1.7) (4.92) (4.73) (11.2)
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Variation of the urban groundwater quality over time

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

for human consumption)

Concentrations (ug/L)
Compound )
Gl C2 C3 C4 Cm  RD 140/2003
. - 0.0-0.037 0.0-0.005 0.0-0.011 _— i
1 A L 2
(0.023) (0.002) (0.0042)
0.0-0.012 0.0-.0.004
iazi 0.0 0.0-0.03 (0.008 : .
Diazinon (0.006) ( ) (0.001) 0.004 0.1
BA 0.012-0.061 0.047-0.096 0.003-0.042  0.0-0.026 0.034 o1
(0.041) (0.071) (0.016) (0.011) ' ‘
- i 0.056-0.12  0.0-0.022 0.0-0.004 - ”
TR : (0.088) (0.0053) (0.007) i :
Total pesticides 001270061 0.17-024  0.003-0.01 0.002- - 5
P (0.041) (0.19) (0.033) 0.041 S :
-— 0.58-198  1.06-5.13 1.51-5.25 0.42-442 R
(1.22) (2.43) (2.77) (10.1) ' i
0-1.25 1.17-4.14 0.59-4.74 0.34-2.1
TCE 1.5 .
(0.48) (2.49) (1.96) (1.1)
0.58-3.23 223927 2.14-9.99
PCE-+TCE

(1.7) (4.92) (4.73)

30



(s RESULTS&DISCUSSION °eeh )

Assessing the potential uses of pumped urban groundwater

- R
Human consumption

Need additional treatment

Ex: Aeration (metals), ion exchange with zeolites,
biological filters or chlorination (ammonium)

v,
)\
Managed Aquifer recharge
It Improves the quality of infiltrated water
It allows water storage in the aquifer
J
( N\

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

Hydraulic barrier against seawater intrusion

D Urban uses
& Water public parks

Cleaning of streets / squares
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“*There is a huge amount of pumped UGW in shallow aquifer of the
Besos River Delta that are not properly managed.

¢ The quality of the UGW depends on the quality of the river Besos
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 Ilimit
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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Variation of the urban groundwater quality over time

Average river concentrations Vs. Average groundwater
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Assessment of the urban groundwater quality
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