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ABSTRACT
Upward seepage of saline groundwater leads to surface water salinization in deep
polders in The Netherlands. As preferential saline seepage via boils is the dominant
salinization process in the Dutch deep polders, we started a detailed monitoring
program around three boils. Temperature measurements with a fiber optic cable were
used to trace the preferential seepage flow paths. Temperature depth profiles around
the boils were measured to evaluate flow velocities.

Figure 1. Preferential saline groundwater seepage via boils in deep polders
(drained lakes) in the Netherlands

INTRODUCTION
Upward seepage of saline groundwater leads to surface water salinization in deep polders in
The Netherlands. De Louw et al., (2010) showed that preferential saline seepage via boils is the
dominant salinization process (Figure 1). Boils are small vents in the top confining layer through
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which groundwater preferentially discharges at high velocities (Figure 2). These high flow
velocities result in upconing of deeper and more saline groundwater. Boils develop when water
pressures become larger than the weight of the overlying stratum. We monitored lateral and
depth temperature profiles around three boils in order to locate the preferential flow paths and
to determine their flow characteristics and velocities. Temperature measurements can be used
to trace lateral variations in upward groundwater flow and to evaluate its flow pattern (e.g.
Suzuki, 1960; Stallman, 1965).

Figure 2. Left: Boils with different conduits that connect the upper aquifer with the surface water via the
confining layer. Right: Photo of boil in ditch which discharges water and sand from the upper aquifer (from
De Louw et al., 2010).

METHODS
The boils are situated in the deep polders Haarlemmermeer (boils A en C) and Polder Noordplas
(boil B) which are deep polders with their ground level about ‐5 meters below mean sea level
(MSL). We monitored temperature in and around the boils in two ways:
1. lateral temperature measurements at interface surface water – groundwater
2. soil temperature – depth profiles (0‐3 m)
In order to trace the exact location of preferential groundwater seepage flow paths, the lateral
variations of the temperature in the ditch was measured with a DTS (Distributed Temperature
Sensing) fiber optic cable with a spatial resolution of 1m. The cable with a length of 500 meter
was installed in the ditch at the interface of groundwater and surface water. The delay of the
backscattered laser is analyzed which is caused by discontinuities in the cable influenced by
temperature. The temperature at the point of the backscattering can be determined by
analyzing temperature sensitive mechanisms (Brilliouin and Raman scattering). Measuring
temperature with fiber optics has great advantages compared to the conventional temperature
measurements. In a short time a high data resolution (0.01 ºC) can be reached and a large area
can be measured.
The soil temperature was measured with a depth interval of 30 cm of the upper 3 meter. These
temperature depth profiles in the upper aquifer were measured every hour at the boil and at
different distances from the boil. In order to determine upward flow velocities, we used a
numerical solution of the 1D heat transport equation (Vandenbohede and Lebbe, 2010).
Thereby, a calculated temperature envelope is fitted to the observations by altering the vertical
flow velocity.
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RESULTS
The geohydrological situation and characteristics of the three boils differ. Boil A occurs on land
and has 4 clearly visible discrete conduits at the surface where saline groundwater and sand is
flowing out. The top confining layer is 6 m thick and consists of low permeable clay and peat.
The hydraulic head in the upper aquifer is about 2.0 m above ground level. The confining layer
of peat and clay at boil B is only 3 meters thick. The hydraulic head of the upper aquifer is about
1.5 m above ground level. The boil is situated under water in the ditch and its outflow conduits
are not visible. The subsoil of boil consists of sand and a low permeable confining layer is
absent. The boil has numerous outflow conduits in the ditch over a distance of 25 meter. The
chloride concentrations of the investigated boils are in the ranges of 1000 to 6000 mg/l.

Figure 3. Hourly temperature measurements for a period of 3.5 days using a Distributed Temperature
Sensing fiber optic cable with a spatial resolution of 1m. Boil location C. Small daily T‐variations indicate
zones with preferential seepage via boils.

Figure 3 shows the lateral variation of the surface water temperature at the bottom of the ditch.
Since this is the interface of groundwater and surface water, the outflow of preferential
groundwater seepage with higher velocities can be detected by these high resolution
temperature measurements. The measurements were carried for a period of 3 days in order to
detect zones with minimal daily fluctuations. The outflow of groundwater with a constant
temperature of 11 C0 compensates the influence of the daily atmospheric temperature.
Therefore these zones indicate the occurrence of preferential seepage. The preferential seepage
zone is indicated in Figure 4 for boil location C.
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Figure 4. Measured soil temperature (< 3m, depth interval=0.30m) at the boil and 75m
from the boil.

CONCLUSIONS
As surface water salinization in Dutch deep polders is dominantly caused by preferential saline
groundwater seepage via boils, one should focus on this phenomenon in order to fight
salinization. The results of a detailed monitoring network around boils gave more insight in the
flow characteristics and velocities at boils. Lateral temperature measurements were very useful
to locate exactly the preferential flow paths. Temporal temperature ‐ depth profiles were used
to estimate flow velocities of preferential groundwater seepage. Upward flow velocities at boils
are several order magnitudes higher than outside these preferential flow paths.

REFERENCES
De Louw, P.G.B., Oude Essink, G.H.P. Stuyfzand, P.J., Van der Zee, S.E.A.T.M. Upward groundwater
flow in boils as the dominant mechanism of salinization in deep polders, The Netherlands
(submitted).
Stallman RW (1965) Steady‐one dimensional fluid flow in a semi‐infinite porous medium with
sinusoidal surface temperature. J Geophys Res 70(12):2821–2827
Suzuki S (1960) Percolation measurements based on heat flow through soil with special reference to
paddy fields. J Geophys Res 65(9):2883–2885.
Vandenbohede, A and Lebbe, L. (2010). Parameter estimation based on vertical heat transport in the
surficial zone. Hydrogeology Journal, DOI10.1007/s10040‐009‐0557‐5.
Contact information: Perry de Louw, DELTARES (Soil and groundwater). Address: P.O. Box 85467,
3508AL Utrecht. Phone: +31 88‐3357126. Perry.delouw@deltares.nl.

68

