Hydro-geochemical investigations at an urban lysimeter
of Union brewery, Ljubljana, Slovenia

Abstract

An urban lysimeter was constructed
within a highly urbanized environment
at Union Brewery in Ljubljana (the ca-
pital of Slovenia) with the intention to
study the possible contamination in the
area of the brewery and with that to stu-
dy the role of the unsaturated zone in
the protection of groundwater of aPleis-
tocen aluvial gravel aquifer. The physi-
cal-chemical and isotopic properties of
sampled groundwater have already pro-
duced the general information on the
hydrodynamic functioning of the study
area and the solute transport. Two im-
portant flow types were identified - the
lateral and the vertical flow. The former
has an important role in the groundwa-
ter protection, whilethelatteristhemain
factor for the contaminant transport to-
wards the aquifer saturated zone.
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Introduction

Groundwater of aPleistocen alluvia gra-
vel aquifer isan invaluable water source
for Union brewery, which is located
within ahighly urbanized and industria-
lized environment near the centre of
Ljubljanaand suppliesaquality ground-
water from four production wells (Figu-
re 1). With regard that this water should
be protected the flow and solute trans-
port monitoring was restored in nume-
rous piezometerswithin the brewery and
initsvicinity, aswell asat thelysimeter,
which isatopic of this paper (Figure 1).
The main goal of the lysimeter monito-
ring is to study the possible contamina-
tion in the area of the brewery and with
that to study the role of the unsaturated
zonein the protection of groundwater of
aPleistocen alluvia gravel aquifer.
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Description of the study
area

The urban lysimeter of Union brewery
was constructed in the near brewery vi-
cinity (Figure 1). 42 boreholes were
drilled on the right and left side of the
8.5 m deep construction (Figure 2). As
an example the projection of boreholes
of the right upper level is demonstrated
in Figure 2.

Theright side of the lysimeter, which is
located under the industrial railway

tracks, includes 36 boreholesthat are up
to 8 m long. They are distributed into
six columns (1-6) and six levels (I-VI1)
at depths0.3,0.6,1.2,1.8,3.0and4.0m
(Figures 2, 3). The boreholes are named
after their distribution: RI-1, RI-
2,.....RVI-5, RVI-6.

Further six boreholeswere drilled under
an asphalt surface on the left lysimeter
side(Figure 2). They aredistributed into
six columns (1-6) and threelevels(1-111)
at depths 0.60, 1.20 and 1.80 m. Hence,
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Figure 1: Study area
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Figure 2: Lysimeter construction with the projection of the upper right level
boreholes RI/1-6.

Table 1: Position of measuring probes installed in the lysimeter boreholes (Il
- installed suction cups, e - installed TDR probes, o - installed tensiometers).

right column left column
side 1 2 3 4 5 6 side 6 5 4 3 2 1
RI H B [ | ° o] o] LI WMo °
RIl H B [ | ° o] o] LIl Ho °
RIII H B [ ] ° o] o] LIl mo °
RIV H B [ | ° o] o]
RV H B [ | ° o] o]
RVI H B [ | ° o] o]
pi= iR ] !' % ﬂ SE
= = .5 A T = o
s e o | e
ﬂmm| - fﬁ“‘“ﬁ:ﬁ_ Tl T .
—_— _.—.'. —'_:_'_.—.'_.—.'.—'E—-..ﬂ -
e = R I
28,50 ——__:_ _'.-_'._'_ B
257,00 “H-,_:,:_;
] BV
:eau-_w|
285,50 —-R VI
-K!'-.Dtl|
254,50 . 5 &
231.:-:-|
1] 1 2 3 £ L 1] T L] il i0m
LEGEMD:

A [y GRAVEL [ARTIFIC ALY

I:l G LAY ECEILT-SAN DY ELTINIMH SRACEL SRAINE (RRTIFIC AL

(e, ]
El LT SN Iy GRANELARTIF IC LAL) GAAYEL WITH SAH D AN D ST (RIWER, D EPOSITE)

SAMPLING POINT

~"=——_—~ HORDEA BETWIEEN WD LAYERS:

Figure 3: Geological cross-section on the right side of the lysimeter at the end
of boreholes, with sampling points (modified after JUREN et al., 2003).
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they are named LI-1, LI-2, ..... LIII-5,
LIlI-6.

At the beginning of January 2003 the
lysimeter was completely equipped with
the UM S environmental monitoring sys-
tem - the recording and sampling sys-
tem. 15 tensiometers, 9 TDR probesand
21 suction cups were installed into the
boreholes, which is evidenced in Table
1

Theboreholes penetratefour layers: san-
dy gravel, silt-sandy gravel, clayey silt-
sandy silt with gravel grains and gravel
with sand and silt. The upper three lay-
ers are artificial, while the fourth layer
consists of river deposits. The detailed
geological cross-section at the end of the
boreholes on the right side of the lysi-
meter is presented in Figure 3.

Methods and techniques

At the lysimeter the monitoring of flow
and solute transport processes started in
June 2003. During thefirst research year
the continuous measurements of hydro-
dynamic parameters (capillary pressure
and water content), of water balance and
of water physical-chemical parameters
(pH and electroconductivity) were car-
rying out to get the basic information of
the study area. Besides the monthly wa-
ter sampling for analyses of the 80O and
2H isotopic composition was performed
to establish additional information about
the mixing processes and the ground
water residence time in the unsaturated
zone.

The groundwater was sampled with suc-
tion cups installed at the end of the bo-
reholes. The right side of the lysimeter
includes 18 sampling points: RI-1to RI-
3, RII-1 to RII-3 and RIlI-1 to RIII-3
(Table 1, Figure 3). However, the left
side of the lysimeter includes only 3
sampling points: L1-4, LII-5and LI11-6
(Table1). Besides, the precipitation was
sampled near the entranceto the lysime-
ter.

Results

For the first research period the water
balance of the lysimeter sampling points
is presented in Table 2. It could be ob-
served in the table that the sampling
points RI1-2 and RI11-3 have the highest
volume values and that on the right and
left side of the lysimeter the bulk of wa-
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Table 2: Water balance of the lysimeter sampling points.

Volume (ml) Vol.(mm)
RII RV RI RII RINl RIV RV RI RIII RIV RV RVI LIl Precipi-
1 1 2 2 2 2 2 3 3 3 3 3 6 tation
10.07.03 280 340 86 41 70 19 455 110 45 160 5 57.7
27.0803 385 490 38 45 95 38 370 45 65 38 716
17.09.03 175 175 21 20 50 220 40 38 445
16.10.03 380 200 110 24 890 29 190 100 24 40 37 110.7
1211.03 190 180 100 20 60 55 180 20 30 121.4
09.12.03 190 60 20 60 120 20 73.8
20.01.04 280 20 80 90 150.3
17.02.04 180 10 35 20 48 25 27 7 7 10 12.7
25.03.04 230 30 190 50 40 35 20 1225
15.04.04 420 110 49936 620 75580 40 25 94.3
12.05.04 190 23 25 27 79590 40 20 92550 20 35 5 64.8
15.06.04 520 10 30 20 76880 510 110 136210 50 20 30 25 83.1
13.07.04 210 40 100 20 81140 50 150 125330 30 30 15 133.0
11.08.04 220 25 80 22 89320 70 132530 70 50 20 89.2
total 3420 1485 825 237 2573 141 1820 372 241 375 185 10074
volume
e o ter is discharg_ed_ to sampling pqi nts of
thelevel 111. It isimportant to notice that
m - 1= alow discharge arise aso under the as-
m - o .. | Phaltsurface (LIII-6).
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5 1™ £ | points of the level 11l are located near
o .
E - ;EL the border between two structurally dif-
= g | ferentlayers: silt-sandy gravel and clayey
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o | o B hy(_jrau_llc conductivity of the upper lay-
er is higher from the one of the lower
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Figure 4: Monthly volume of the lysimeter sampling points.
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Figure 5: Time-trend of the electroconductivity of water sampled on the right

side of the lysimeter.
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which results in the increased volume
values of the lower levels' sampling
points, particularly of RIV-2 (October
2003, April and June 2004).

Theelectroconductivity of waters samp-
led on the lysimeter right side ranges
from 180 to 615 pmS/cm. Quite higher
values were measured on the lysimeter
left side - up to 4000 pmS/cm. They most
probably result from the winter conta-
mination.

At the lysimeter the lowest electrocon-
ductivity values are connected with the
levels| and Il (Figure 5). However, the
highest values are connected with the
level 111 (Figure 5), which reflects the
important role of the lateral flow com-
ponent near thislevel. On the other hand
Figure 5 aso illustrates when and whe-
re the vertical flow component domina-
ted. The vertical breakthrough of water
of thelevel Il into the level 1V is parti-
cularly pointed out in April 04.
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Figure 6: Time-trend of 8'®O of water sampled in the lysimeter upper levels.
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Figure 7: Time-trend of 'O of water sampled in the lysimeter lower levels.

The 80 isotopic composition of samp-
led water is presented in Figures 6 and
7. The precipitation values range
between -4.1 and -15.2 %o with the mean
value at -8.9 %o0. The groundwater va-
lues vary between -4.5 and -14.7 %o,
while the means of single sampling
points are between -8 and -10.7 %.. The
means as well as the spread of 30 of
thelysimeter sampling pointssignificant-
ly distinguish among themselves. By
comparison with precipitation the ran-
ges of groundwater of upper two levels
(I'and 1) are the highest, which reflects
theintensive groundwater dynamicsand
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short residence time (Figure 6). On the
other hand the variation of the parame-
ter is much more attenuated in the lysi-
meter lower levels (111, 1V, V and V1),
which should result fromlonger ground-
water averageresidencetime (Figure7).
The peak valuesin Figures 6 and 7 indi-
cate the vertical flow and solute trans-
port in the aquifer during the significant
hydrological events, i.e. in October 2003
and April 2004. For example, in April
2004 the precipitation pushed water of
low 80 into the lysimeter lower levels
(Figure 7). It is supposed that these va-
lues should result from the snow mel-

ting. Theinfluences of the snow melting
could be observed in the lysimeter up-
per levels one month before (Figure 6).

Discussion and
conclusions

Theresults of the first research phase at
the lysimeter of Union Brewery produ-
ced the general information on the hy-
drodynamic functioning of the study area
and the solute transport. Two important
flow types were identified - the lateral
andthevertical flow. Thelatera flow has
an important role in the protection of
groundwater of aPleistocen aluvia gra-
vel aquifer. However, therole of the ver-
tical flow is quite opposite, becauseitis
the main factor for the contaminant
transport towards the aquifer saturated
zone. Hence the study of the occurrence
and frequency of such rapid recharge
represents one of the main topics of the
next research phases.

The presented results will help usto de-
sign and to upgrade the methodology of
the further research, which will include
also the tracer experiments and a short-
term monitoring during the characteris-
tic hydrological events like the storm
events and the snow melting.
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