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ABSTRACT 
The paper presents results of groundwater monitoring carried out during the construction of 
a road tunnel under the Martwa Wisła river in Gdańsk, Poland. Martwa Wisła is one of the 
branches of Wisła (Vistula) river, heavily influenced by storm surges and saline water inflow 
from the Bay of Gdańsk. Increased values of chloride concentration were observed on both 
sides of the river, in particular on the western side, which was caused by a strong influence 
of saline water infiltration from the river. 

INTRODUCTION 
The construction of a road tunnel under the Martwa Wisła river in Gdańsk (Fig. 1) started in 
2011 and is planned to be finished by April 2016. Martwa Wisła (lit. Dead Vistula) is one of 
the branches of Vistula (Wisła), the largest river in Poland. It used to be the main outflow 
channel of Vistula to the Gdańsk Bay, but now is mostly stagnant and heavily influenced by 
the water level in Gdansk Bay and occurring storm surges. The water level varies in the 
range from -0,93 m asl to + 1,37 m asl (Tarnawski et al. 2010). Due to storm surges the 
water in Martwa Wisła is saline, with large variation of chloride concentration in time (the 
maximum values are equal to those measured in Gdańsk Bay seawater). 
 
The tunnel has been constructed in the quarternary aquifer of Żuławy Gdańskie region, 
composed of pleistocene fluvioglacial sands and gravels, holcene deltaic deposits and marine 
sands (Fig. 2). The average thickness of the aquifer is about 40 m. The total length of the 
tunnel is 1377,5 m, of which 1072,5 m were bored using TBM (Tunnel Boring Machine). 
The tunnel consists of two parallel tubes, with 25 m spacing, each tube being 12,5 m in 
diameter. In its deepest part the tunnel is 34,25 m below the water level in Martwa Wisła, 
while its minimum depth below the river bottom is 9 m. During the construction 
groundwater levels and chloride concentrations in groundwater and in Martwa Wisła were 
measured.  

GROUNDWATER LEVEL MONITORING 
Groundwater levels were monitored using 16 piezometers located along the tunnel axis 
(Fig. 1). Measurements were taken each week in the period of 3 years (2012-2014). During 
the operation of TBM (05.2013-05.2014) measurements were taken daily. Results from 
selected piezometers are shown in Fig. 2. On the NW side of the river (Fig. 2a,b) the pattern 
of groundwater - surface water interaction changed in the spring of 2013. Before that time 
groundwater from the aquifer discharged to the river. Later, due to dewatering during the 
construction of a road junction at the entrance to the tunnel, water from the river started 
infiltrating into the aquifer. However, the correlation between water levels in the river and in 
the aquifer is strong in the whole period. 
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 Figure 1. Location of the tunnel and piezometers (left) and cross-section along the 
tunnel axis (right). 
 
On the other hand, the piezometers located SE of the river (Fig. 2c,d) showed a dominating 
pattern of groundwater discharge to the river, however there are also periods of infiltration 
from river to the aquifer, due to storm surges. The two water level peaks marked as "1" and 
"2" on the plots (Fig. 2) are related to the construction of the tunnel. The first one 
corresponds to the construction of the starting chamber for TBM using jet-grouting 
technology in the summer of 2013. The second one is related to the start of soil freezing 
before the construction of the cross-passages in May 2014. 

SALINITY MONITORING 
Chloride concentrations were measured monthly from Nov. 2013 to Dec. 2014 in all 
piezometers and in Martwa Wisła. Information about groundwater salinity was necessary to 
plan soil freezing, which was applied during the construction of cross-passages between 
tunnel tubes. The obtained values of concentration are shown in Fig. 3. Nearly all values are 
above the natural geochemical background of the aquifer, equal to 20 mg Cl/dm3 
(Pruszkowska and Malina 2008). The concentration in Martwa Wisła, measured only from 
Feb. to Aug. 2014 ranged between 1840 and 3650 mg Cl/dm3, which can be compared to the 
average concentration in the Bay of Gdańsk seawater: 3900 to 4400 mg Cl/dm3.  
 
From Fig. 3 it can be seen that the chloride concentration in groundwater diminishes with the 
distace to the river. On the eastern side the concentrations generally do not exceed 150 - 200 
mg Cl/dm3. In contrast, on the western side they are significantly higher and show marked 
variability in time. In the piezometers closest to the river (P6, P6, P6/1) they changed in the 
range between 34 and 3029 mg Cl/dm3, with differences larger than 2500 mg Cl/dm3 
between consecutive months. It seems that such a behavior is caused by the infiltration of 
saline water from Martwa Wisła, fluctuations of water level in the river and storm surges. 
The influence of the river decreases with the distance. In piezometers located 250 m from the 
western bank the concentrations generally do not exceed 350 mg Cl/dm3. 
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 Figure 2.  Groundwater level measured in selected piezometers. 

a) 

b) 
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SUMMARY 
Groundwater monitoring during the construction of the tunnel under Martwa Wisła provided 
information about spatial and temporal variability of water table level and salinity in the 
surrounding aquifer. In particular, it was shown that Martwa Wisła is gaining groundwater 
via its eastern bank, while on the western bank the exchange pattern is more complex. 
Increased abstraction of groundwater in the vicinity of construction site changed the 
direction of groundwater flow in the spring/summer of 2013. Increased values of chloride 
concentration are observed on both sides of the river, but they are much more pronounced 
and show larger variation in time on the western side. This is due to strong influence of 
saline water infiltration from the river. 
 
KEYWORDS: groundwater monitoring, salinity monitoring, groundwater-surface water 
interaction 

REFERENCES 
Pruszkowska, M., and G. Malina. 2008. Hydrogeochemistry and vulnerability of groundwater in the 
moraine upland aquifers of the Gdańsk region (Northern Poland) Geological Quarterly (2008) 52(3): 
291–300. 
 
Tarnawski, M. et al. 2010. Engineering geology report on the proposed construction of the road 
tunnel under Martwa Wisła river (in Polish). Geoprojekt, Szczecin. 
 
Contact Information:  Beata Jaworska-Szulc, Gdańsk University of Technology, Faculty of Civil 
and Environmental Engineering, ul. Narutowicza 11/12, 80-233 Gdańsk, Poland,  
Phone: +48 58 347 2311, Email: beata.jaworska-szulc@wilis.pg.gda.pl. 

Figure 3.  Chloride concentration in groundwater along the tunnel axis. 
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