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Abstract

In the subsurface, the faults of the Peel Boundary Fault Zone, part of the Roer Val-
ley Rift System in the Netherlands, Germany, and Belgium, often act as fault-parallel
conduits and fault-perpendicular barriers for groundwater flow. However, our un-
derstanding of the conduit-barrier architecture of these faults remains limited. This
study addresses this gap by presenting a detailed overview of the spatial variation in
hydraulic conductivity and anisotropy, based on 161 collected samples, resulting in
150 measurements of saturated hydraulic conductivity (K_) and total porosity (P,,.),
and 151 measurements of median grain size (GS) from a trench site near Uden, the
Netherlands. The results indicate that K_, values across the fault range by almost four
orders of magnitude, from 0.004 to 32.1 m day’. Within this range, the fault exhibits the
lowest horizontal (0.01-3.6) and vertical (0.004-7.1) K_, values. Compared to the fault,
values in the foot-wall damage zone (horizontal: 1.4-22.6 and vertical: 0.08-18.4) are
significantly higher for both orientations, whereas in the hanging-wall damage zone
(horizontal: 2.0-22.7 and vertical: 1.8-9.5), all values are higher, but only the horizontal
values reach statistical significance. These findings indicate that the conduit-barrier
effect of faults in unconsolidated sediments extends to the near surface. Hydraulic
conductivity largely correlates positively with median GS but shows little to no overall
correlation with total porosity (P, ). This trench study also reveals that the near-sur-
face conduit-barrier architecture and hydraulic conductivity distribution is likely to
evolve over geological timescales due to ongoing hydrogeological processes and fault
activity. Such insight has the potential to contribute to future approaches for protecting
and restoring fault-related seepage areas known as ‘wijstgronden’.

Introduction

Faults significantly impact groundwater flow in both unconsolidated and lithified sedimen-
tary rocks (Antonellini & Aydin 1994; Babiker & Gudmundsson, 2004; Bense et al., 2003a,
2003b; Bense & Person, 2006; Bense & Van Balen, 2004; Scibek, 2020; Sheldon et al., 2023).
They often act as poorly permeable zones, forming lateral barriers due to reduced permea-
bility perpendicular to the fault zone (e.g. Caine et al., 1996; Scibek et al., 2016; Lapperre
etal., 2019, 2022). Simultaneously, enhanced along-fault permeability can make faults serve
as preferential pathways (conduits) for groundwater flow along the fault (Anderson &
Bakker 2008; Bense & Person, 2006; Bense et al., 2013).

In general, the conduit-barrier architecture of faults is inferred through various methods,
including hydrogeological field studies (Bense et al., 2003a; Kettermann et al., 2016; Lapperre
et al.,, 2022), modelling (Anderson & Bakker, 2008; Bakker, 2006; Bense & Person, 2006;
Haneberg, 1995), the simultaneous interpretation of multiple fault characteristics using
triangular diagrams (Aubert et al., 2021), analyses of hydrothermal characteristics (Bense
et al., 2008, 2013), and assessments of groundwater composition (Broers et al., 2021; Cook
et al., 2022; Gumm et al., 2016). However, these approaches primarily provide information
on regional scales and lack detailed field analyses of fault-permeability distribution in
unconsolidated sediments. Given the scarcity of field measurements, the inferred fault-
permeability values are mainly applicable to regional studies and are insufficient for
explaining near-fault hydrogeological phenomena such as fault-related seepage. Moreover,
the deduced values frequently tend to either over- or underestimate actual fault-permeability
values (Lapperre et al., 2022).
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This study, based on an extensive set of field samples,
examines the distribution of fault-zone permeability
perpendicular to (horizontal) and along (vertical) the fault in an
unconsolidated lithological setting. In this context, permeability
refers more broadly to the intrinsic capacity of the porous
subsurface to transmit groundwater, while saturated hydraulic
conductivity is used to quantify permeability through
measurements. The findings are compared with larger-scale
values inferred from regional studies. This analysis enhances
our understanding of cross-fault groundwater-level steps
(Lapperre et al., 2022), the upward seepage of groundwater and
its associated higher groundwater temperatures on the
upstream (foot-wall) side of faults (Bense, 2004; Bense & Kooi,
2004; Bense et al., 2008), iron (hydr)oxide precipitation on the
downstream (hanging-wall) side, and the occurrence of sand
volcanoes in cross-fault watercourses. The broader implications
of these findings extend to other rift systems with similar
unconsolidated (soft) sedimentary conditions.

In late 2018, a trench was excavated west of the village of
Uden in the Netherlands to study near-fault hydrogeology and
to collect undisturbed field samples. This trench location is
situated across one of the faults of the Peel Boundary Fault
Zone (PBFZ) (Figure 1) and is characterized by the presence of
fault-related topographic offset of ~1-2 m, seepage of iron-rich
groundwater, a shallow groundwater table on the foot wall,
and an average cross-fault groundwater-level step of almost
2 m (Lapperre et al., 2025). Undisturbed field samples were
collected from this trench to prepare laboratory samples for
measuring horizontal and vertical saturated hydraulic
conductivity (K_), total porosity (P and grain size (GS)
distribution.

total)’
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A Dbetter understanding of permeability distribution in
unconsolidated (soft) sediments could contribute to the future
development of effective restoration measures for fault-related
seepage areas known as ‘wijstgronden’ and to the refinement of
groundwater models by incorporating field-based values, their
directional variability (anisotropy), and their variation with
distance from the fault in deformed (fault-affected) and
undeformed (non-affected) sediments.

Setting
The Roer Valley Rift System

The Roer Valley Rift System (RVRS) is a seismically active rift sys-
tem in the southern part of the Netherlands, extending into
adjoining areas in Belgium and Germany (Michon et al., 2003;
Michon & Van Balen, 2005; Van Balen et al., 2005, 2019, 2021,
2024). The central part of this rift system, the Roer Valley Graben
(RVG), is bounded by the Feldbiss Fault Zone (FFZ) to the south-
west and the PBFZ to the northeast. The PBFZ delineates the
boundary between the uplifting Peel Block and the subsiding
Roer Valley Graben (Figure 2a). The current faulting phase of this
rift system began at the Oligocene-Miocene boundary and is
ongoing (Michon et al., 2003; Michon & Van Balen, 2005; Van
Balen et al., 2005). The central Roer Valley Graben is subsiding
substantially faster than the adjoining Campine Block and Peel
Block in this region (Houtgast & Van Balen, 2000; Van Balen et al.,
2005). The ongoing fault activity in this part of the rift system
(Figure 2a) is evidenced both by large, surface rupturing earth-
quakes during the Late Glacial (Van Balen et al., 2019) as well as
smaller, non-surface rupturing earthquakes in modern times
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Figure 1. The Roer Valley Rift System (RVRS) consists of the Roer Valley Graben (RVG), flanked by the Peel Boundary Fault Zone (PBFZ) to the northeast and the Feldbiss Fault Zone
(FFZ) to the southwest. The red U marks the location of the Uden trench site. The map uses a geographic coordinate system (latitude-longitude). Modified from van Balen et al.

(2019) and Lapperre et al. (2022).
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Figure 2. Location of the study area, Uden trench site and overview figures. Coordinate system is the Dutch National Grid (RD). (a) The village of Uden (U) along with the epicentres
of earthquakes near Uden (1843 and 1932) and near Roermond (1992) marked by the red stars; (b) Digital elevation model (Actueel Hoogtebestand Nederland [AHN], 2022) indi-
cating the location of the fault; (c) Overview of the phreatic groundwater-level isohypses pattern (m NAP), assuming an impermeable fault, represented by a hydraulic resistance
(c-value) of 1 *107 days. The variation in groundwater-flow direction (blue arrows) is inferred from the calibrated steady-state regional groundwater model GRAM3.0 from Water
Authority Aa en Maas; (d) Multiple faults extending in a northwest-southeast direction, part of the Peel Boundary Fault Zone; (e) Abrupt soil moisture contrast visible on satellite
imagery (NSO, 2023), from wet (dark coloured surface, groundwater at or near the surface) to dry (light coloured surface, groundwater sloping away from the fault to depths of
several metres), and the location of the Uden trench site; and (f) One of the trench-adjacent watercourses, oriented perpendicular to the fault, displaying a distinctive orange-to-
brown discolouration due to iron (hydr)oxide precipitation. The locations of () is indicated in (b), (c) and (d), and the location of (f) is indicated in (e).

(KNMI, 2024; near Uden in 1843, ML 4.8, in 1932, ML 5.0, and
near Roermond in 1992, ML 5.8). The larger events have resulted
in the formation of fault scarps in the landscape. Due to regional
variations in displacement rates and the effects of erosion and/or
blanketing by younger sedimentary deposits, the scarps exhibit
height differences mostly in the range of 1-3 m (Figure 2b).

The subsurface lithology of the Uden region is characterized
by unconsolidated, mostly sandy sediments of Pleistocene age.
The coarser sediments, primarily deposited by the Meuse
River, are overlain by mostly fine-grained local-fluvial,
lacustrine, and aeolian sands (Schokker et al., 2005). On elevated
areas, such as the Peel Block, the coarser sediments are present
at depths of only a few metres, covered by relatively thin layers
(1-3 m) of fine-grained deposits. Within the subsiding RVG,
coarser sediments are found at greater depths, overlain by fine
sediments with a maximum thickness of ~35 m (Schokker et al.,
2005; Westerhoff et al., 2008). At fault locations, lithologies with
different GS and associated contrasting permeabilities are
juxtaposed. The displacement of the top of the coarser sediments
at fault locations ranges from ~1-2 to ~10 m.

The geological and morphological setting significantly
influences hydrology (Figure 2c), with regional surface and
groundwater flow in permeable unconsolidated sandy sediments
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being largely topography-driven (Lapperre et al., 2019). At fault
locations, where lateral (~horizontal) groundwater flow is often
impeded, and along-fault (~vertical) flow is enhanced, wet areas
(locally known as ‘wijstgronden’) with shallow groundwater
tables occur in the elevated foot walls. Deeper groundwater
tables are found in the lower-lying hanging walls. These abrupt-
level changes are identified as cross-fault groundwater-level
steps. Additionally, surface-water runoff through watercourses
follows topography, draining elevated landscape parts (foot
walls) and infiltrating lower-lying areas (hanging walls).

Local-scale hydrogeology

Around Uden, multiple northwest-southeast-oriented faults
associated with the PBFZ (Figure 2) are present, with the Uden
trench site situated at the westernmost of these faults (Figure 2d).
The fault locations are indicated in the Digital Geological Model
of the Netherlands DGM v2.2 (Hummelman et al., 2019a) and
can often be identified in the field through fault-related phenom-
ena, such as the presence of scarps, sudden changes in lateral soil
moisture (Figure 2e), and crop marks, demarcating cross-fault
groundwater-level steps. When the fault-related seepage is rich
in iron (hydr)oxide, watercourses turn orange upon oxidation
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(Figure 2f), also serving as a marker for the nearby presence of
faults. The mean cross-fault groundwater-level step at the trench
location, based on groundwater-level monitoring (2018-2023) in
a cross-fault piezometer array, is 1.83 m (Lapperre et al., 2025).
An abrupt shift in the groundwater table is also observed at
other fault locations, resulting from a reduced permeability
within the fault zone (Lapperre et al., 2019).

A cross section of the subsurface at the trench location
(Figure 3a), composed from the national hydrogeological model
REGIS II v2.2.2 (Hummelman et al., 2019b) and the geological
model GeoTOP v1.6 (Stafleu et al., 2023), reveals the fault’s
position and the layering of unconsolidated sandy to gravelly
lithologies. These lithologies (Figure 3b) are grouped into the
Boxtel Formation, consisting mainly of finer-grained local fluvial
and aeolian deposits, and the Beegden Formation, comprising
coarser-grained Meuse River deposits. These formations overly
deeper fluvial and marine deposits. Horizontal saturated
hydraulic conductivities (K,) inferred from the regional-scale
REGIS I model (Hummelman et al., 2019b) range from 5 to 10 m
day™ for finer-grained deposits (105-300 um) and from 50 to 100
m day for coarser-grained deposits (210-2,000 um) (Figure 3b).
Vertical saturated hydraulic conductivities (K ) are not included
for these sandy hydrogeological units, nor are hydraulic
properties of fault zones.

Trench scale

Building on the previously described regional and local setting,
the trench site at Uden is examined to assess fault-zone
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hydrogeology more closely. The following description presents
geological and hydrogeological information previously docu-
mented by Van Balen et al. (2024), providing context for the
analyses presented in this study at the trench scale.

The Uden trench, located across one of the faults of the PBFZ,
measures 25 m in length, 8 m in width, and 2.5 m in depth. In both
trench walls, the fault, numerous adjoining minor faults, different
sedimentary deposits and their stratification, a man-made channel,
an unconformity and iron (hydr)oxide precipitation are present
(Figure 4a). The deposits exposed in the northwestern trench wall
are grouped into five geological units (1-5), covered by a dark-
coloured plough layer rich in organic matter (labelled PL in Figure
4b). The detailed geological stratigraphy is provided by Van Balen
et al. (2024), with a summary presented below.

Unit 1 is solely exposed in a pit on the foot wall of the trench
floor (Figure 4b). This lowermost unit consists of grey, poorly
sorted, medium to coarse sand with gravel, deposited by the
Meuse River, forming the Beegden Formation (Schokker et al.,
2007). Overlying Unit 1, Units 2—4 primarily comprise finer-
grained sandy deposits. These finer grained deposits originated
from local fluvial and aeolian sedimentation processes and are
part of the Boxtel Formation (Schokker et al., 2007).

Unit 2 is present in the trench wall on the foot wall and
comprises a ~1-m-thick deposit, largely lacking stratification
(Figure 4b). This deposit includes light-grey loamy fine sand,
loamy sand, fine sand, sand with small gravels, and gravelly
sand. Close to, and within, the fault, remnants of decayed roots
are found on the foot wall. These root remnants, characterized
by a black colour and a distinctive comet shape, confirm the
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Figure 3. (a) Location of cross-section AA1 projected onto the digital elevation model (Actueel Hoogtebestand Nederland [AHN], 2022). The ground-surface levels range
from ~10 m NAP on the hanging wall (HW) to ~15 m NAP on the foot wall (FW), with the steepest topographic offset occurring around the trench site and; (b) Hydrogeo-
logical cross section of the subsurface indicating the location of the Uden trench site and exhibiting juxtaposed layering. Additionally, these formations display contrast-
ing horizontal conductivity values (K,) with different associated uncertainty ranges (o K,). This model-based, large-scale cross-section is compiled from the schematised
national subsurface hydrogeological model (Hummelman et al., 2019a) and the geological model GeoTOP v1.6 (Stafleu et al., 2023), accessed via the national subsurface

database DINOloket (2024).
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migration of decayed particulate organic matter by groundwater
flow in an oblique, upward direction towards the fault
(Lapperre et al., 2025). On the hanging wall, Unit 2 was exposed
in a pit on the trench floor, where it is composed of grey loamy
fine sand (interpreted as cryoturbated) and dark-brown, humic
gravelly sand.

Unit 3 comprises deposits fining upwards from gravelly
coarse sand to fine sand and loamy fine sand. It is present on
both the foot wall and the hanging wall in the exposed trench
walls (Figure 4b). The finer upper part of Unit 3 can be

interpreted as aeolian coversands, belonging to the Older
Coversand II unit (e.g. Kasse et al., 2007; Vandenberghe et al.,
2013). Remnants of decayed roots, similar to those in Unit 2 and
including the comet shape, are also found in Unit 3.

Unit 4 is exposed exclusively on the hanging wall and
comprises sand and loamy sand deposits (Figure 4b). These
deposits lack gravel. Given their overall characteristics, this
unit can be interpreted as aeolian coversands, corresponding to
the Younger Coversand I and II series (e.g. Kasse et al., 2007;
Vandenberghe et al., 2013).
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Figure 4. Position of the fault zone, fault core (FC) and damage zones (DZ) in the northwestern trench wall at the Uden site (after Van Balen et al., 2024). (a) A subvertical fault (fault
core) separates the foot wall (FW) with a shallow groundwater table, from the hanging wall (HW), which features a deeper groundwater table sloping away from the fault, where FW
and HW refer to larger-scale fault structures. This groundwater-level contrast is inferred from site-specific level measurements between 2018 and 2023 (Lapperre et al., 2025). Minor
faults and iron (hydr)oxide precipitation occur near the fault, the latter occurring in the HW under oxic conditions due to the lowered groundwater table. A man-made channel in the
HW is filled with organic deposits (gyttja); and (b) locations of Units 1-3 and the erosional unconformity in the FW, and Units 2-5 in the HW. The location of Figure 5 is also indicated.
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Unit 5 primarily comprises organic deposits (gyttja)
interspersed with a thin layer of fine sand. It is interpreted as
the infill of a man-made channel with scooping traces at its base
(Figure 4a). An archaeological inventory conducted by Hiddink
(2019) disclosed artifacts such as pottery, a shoe sole, and iron
slag within this unit. Radiocarbon dating results from Hiddink’s
study, along with pollen analyses by Van der Woude and Van
Leeuwen (2020), suggest a (Late) Medieval origin. The channel
likely served as either a moat or a water storage facility, possibly
associated with a watermill.

Fault zone

The fault zone is ~3 m wide and comprises the fault (fault core)
and the adjoining damage zones (Figures 4a and 5a). On the foot
wall, the damage zone reaches a maximum width of ~2 m, while
on the hanging wall, it is ~1 m wide. Both damage zones exhibit
numerous minor faults each with a throw of a few centimetres.
The fault itself (fault core) appears as a sharply delineated 3-15 cm
wide subvertical fault core, and reveals a much larger displace-
ment. According to Van Balen et al. (2024), the total fault throw at
the top of Unit 3 is ~1.25 m (Figure 4b), and argues that it is the
result from an abrupt displacement that represents a surface-rup-
turing earthquake with a magnitude of ~Mw 7. The numerous
minor faults in the damage zones are attributed (Van Balen et al.,
2024) to a Holocene trans-tensional event, characterized by smaller
displacements and earthquake magnitudes, but still involving
surface rupturing. Consequently, all fault displacements at the
Uden trench site are attributed to seismic events.

According to Lapperre et al. (2025), thin-section microscope
analysis shows that within the fault core and the flanking minor
faults, elongated sand grains have rotated into a fault-parallel
direction, largely perpendicular to the prevailing lateral
groundwater flow. This rotation, initiated by fault displacement,
is interpreted as the trigger for the subsequent precipitation of
iron (hydr)oxides on the hanging wall and the along-fault
accumulation of interporous fines (very fine sediments and

Rimbaud E. Lapperre et al.

organic matter) on the foot wall. These linked hydrogeological
processes (Figure 5) have modified fault-zone permeability
distribution (Lapperre et al., 2025).

Methods
Locating the fault

To determine the trench location, the fault position was identified
using geological and geomorphological data, including DGM v2.2
and REGIS II v2.2 (DINOloket, 2018), elevation data (AHN, 2018),
and satellite imagery (NSO, 2018) indicating soil moisture changes
and crop marks. The fault position and trench boundaries were
subsequently verified using manual auger drilling. Further details
are provided by Van Balen et al. (2024) and Lapperre et al. (2025).

Sampling strategy

A total of 37 sediment samples (DL1-DL32, DL33A /B, and
DL34-36) were collected from the northwestern and south-
eastern trench walls, as well as the trench floor, during phases
of intermittent enlargement and deepening of the trench. The
sample locations, orientations, and field codes are indicated
in Figure 6. To analyse hydraulic conductivity, porosity, and
grain-size distribution across the fault, samples were taken
from specific trench locations reflecting observed differences
in lithology, tectonic setting, and locations where fault-re-
lated hydrogeological processes with the potential to affect
permeability were observed (Figure 5). Data clustering was
then performed from the foot wall to the hanging wall
(Figure 6), aligned with the groundwater flow direction.
Consequently, five sampling sections (1-5) were designated,
with specific details provided in Table 1. Unit 1, attributed to
the Beegden Formation, is located below the trench floor and
therefore falls outside the sampling interval and therefore is
not sampled.

Reorientation of elongated grains (fault core and minor faults)
Iron (hydr)oxide precipitation (hanging wall)

Accumulation of fines (foot wall)

Groundwater-flow direction

Displacement direction

Figure 5. (a) Juxtaposed layering of unconsolidated sediments, grouped into Units 2-4, along the subvertical fault in the northwestern trench wall at the Uden site (after Van
Balen et al., 2024). The ~3-m wide damage zone (DZ), ~2 m on the foot wall and ~1 m on the hanging wall, exhibits numerous minor faults; and (b) Schematised section of the fault
and flanking parts of the damage zone, illustrating the order and location of the three (D-®) hydrogeological processes that have affected fault-zone permeability distribution
in Units 3 and 4. The groundwater-flow direction (blue arrows) is inferred from site-specific level measurements (2018-2023) by Lapperre et al. (2025) and the red arrows indicate
the displacement direction at the fault core.
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formed foot wall (Section 1), the deformed fault zone covering the fault and damage zones (Sections 2-4) and the undeformed hanging wall (Section 5). The fault (Section 3) is
defined as the subvertical zone where multiple fault-related hydrogeological processes have affected permeability distribution (Lapperre et al., 2025).

Table 1. Details of trench sampling Sections 1-5 (Figure 6), including setting, sample coding, and conductivity distribution.

Sampling Tectonic position Tectonic Sedimentary Field samples Laboratory Hydraulic conductivity samples
section setting setting® samples® (Table 2; Figure 8)
(number) (trench location) =) (unit) (code) (code) (# horizontal)  (# vertical)
| Foot wall Undeformed 2-3 DLI4-DLI8 51-76 13 13
2 Foot wall (DZ)¢ Deformed 2-3 DLI19-DL22 77-99 19 17
o)
3 Fault? E § Deformed 2-3 DLI-DLI3 1-50 21 15
4 Hanging wall (DZ) Deformed 3-5 DL33B-DL36 142—-161 9 7
5 Hanging wall Undeformed 34 DL23-DL33A 100141 20 16
Total 37 161 82 68

*Sedimentary setting at trench level, following unit interpretation, is shown in Figure 4; Attribution of each laboratory sample to the corresponding trench sampling section
is shown in Appendix |; “Damage Zone; ‘Defined as the subvertical zone where multiple fault-related hydrogeological processes have affected permeability distribution

(Figure 5).

Most samples comprised a ~0.6-m-long PVC tube (Figure 7)
with an internal diameter of 0.1 m, providing a sample volume
of up to 4.71 L. All field samples were carefully and evenly
driven into the exposed unconsolidated sediments, either
horizontally (perpendicular to the fault) or vertically (parallel
to the fault). Field samples DL2-DL4, DL13, and DL30-DL33A
have reduced lengths due to the presence of coarse gravel, iron
(hydr)oxide precipitation, or both, but still contain sufficient
sediment volume for laboratory preparation.

Saturated hydraulic conductivity

A four-step approach was conducted to measure the saturated
hydraulic conductivity, K_, (m day”). In the first step, all field
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samples (Figure 7a) were opened lengthwise into a thicker (7 cm)
and thinner (3 cm) part. The thinner part was used for describing
and photographing the sediments and their structures (Figure 7b),
while the thicker part was preserved for preparing the conductiv-
ity samples. In step 2, the number of samples, their positions, and
sampling orientations (Figure 7c) were determined based on vari-
ations in lithologies and sedimentary structures. This resulted in
the collection of 161 laboratory samples, taking into account spe-
cific hydrogeological characteristics potentially affecting permea-
bility, such as the accumulation of fines, precipitation of iron
(hydr)oxides, and the presence of coarser sediments. During step
3, the appropriate analysis method to measure K_, was estab-
lished. Samples with a volume of 100 mL (Figure 7d) and an
expected conductivity of at least 0.01 m day™” were measured twice
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Figure 7. Overview of the workflow from field sample to saturated hydraulic conductivity value K__(m day™). (a) Vertical field sediment sample DL14 (4.71 L) in undeformed lith-

sat

ologies on the foot wall part of Section 1 (Figure 6 and Table 1); (b) Exposed lithologies after longitudinal opening of DL14; (c) Sampling strategy, including paired sampling, for
saturated hydraulic conductivity measurements in the horizontal and vertical direction; (d) A fully prepared 100 mL laboratory sample, number 51 (labelled T-710), was collected
parallel (lengthwise) to the vertical field sampling orientation, indicating a vertical saturated hydraulic conductivity value reflecting field conditions; (e) top view of the permeame-
ter with 100 mL samples submerged in distilled water awaiting measurement using the falling-head method; and (f) Laboratory sample 10 with expected low permeability during

triaxial testing. The position and sampling orientation of (d) are indicated in (c).

using a permeameter (Eijkelkamp, 2022), modified by TNO -
Geological Survey of the Netherlands. The modification allows
full saturation of the samples with degassed water to remove
entrapped air, and employs highly accurate laser water-level
measurements.

The final average saturated hydraulic conductivity was
calculated when the results from the falling-head measurements
(Figure 7e) for a single sample were consistent within a 10%
range. A total of 153 samples were measured using this method
at the TNO Permeability Laboratory (Buma & De Heer, 2024).
The remaining eight samples, with an expected saturated
conductivity below 0.01 m day™, were measured using triaxial
testing (Figure 7f) for stratified lithologies (two samples) and
modified oedometer testing for homogeneous lithologies (six
samples). Both testing methods for low-permeability samples
(NEN-EN-ISO 17892-11, 2019) were conducted at the
geotechnical laboratory of Deltares (Delft, the Netherlands).
Finally (step 4), all measurements were converted to standard
K_ values, expressed in m day™ at 10°C, by correcting for water

sat

viscosity (Eijkelkamp, 2022). Due to one failed permeability
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measurement (sample 150) and 10 measurements originating
from the man-made channel with organic deposits (samples
100-105 and 142-145), a total of 150 saturated hydraulic
conductivity measurements are available for the analysis of
horizontal and vertical permeability distribution across the
fault (Table 1). These channel-derived samples were initially
collected because they are located close to the fault. However,
subsequent archaeological interpretation indicated that they
represent a man-made feature. They were therefore excluded
from further analysis. Details of each laboratory sample and its
attribution to the corresponding trench section are presented in
Appendix 1.

Total porosity

The permeability samples were also tested for total porosity by
calculating the weight loss between a fully saturated sample
and a sample oven-dried at 105°C for 24 hours, with the results
expressed as a percentage (%). A total of 153 porosity measure-
ments were conducted at the TNO Permeability Laboratory,
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with the remaining eight samples tested at the geotechnical lab-
oratory of Deltares. The total porosity for sample 150 could not
be determined. Due to this single failure and the exclusion of
the channel samples, 150 measurements remain available for
the analysis of total porosity distribution.

Grain-size distribution, organic matter content, and carbonate
content

The Sediment Laboratory at VU University Amsterdam con-
ducted a total of 161 GS distribution measurements using a
Sympatec HELOS KR Laser Diffraction Particle Sizer, with a
measurement range of 0.12-2,000 um. From each sample loca-
tion, a representative volume of 2-5 g was collected and pre-
treated to remove organics and carbonates and to enhance
dispersion of charged particles (Konert & Vandenberghe,
1997). Subsequently, these samples were sieved through a 1.6-
mm mesh to prevent clogging of the particle sizer. In a limited
number of samples, the presence of very few coarser grains
(>1.6 mm), including gravel (>2 mm), was manually recorded,
which did not affect the median GS or its classification (USDA,
1993). After excluding the channel-samples, 151 values
remained available for analysis of GS distribution
(Supplementary Material S1). From all sediment samples, a
2-gram pulverized subsample was collected to test for total
organic matter content and total carbonate (CaCO,) content,
both expressed as a percentage of dry weight. Organic matter
content was determined using Loss-On-Ignition (LOI) at
550°C (range 105-550°C), while carbonate content was
determined by measuring weight loss at 1,000°C (range 800—
1,000°C). These measurements were conducted using a LECO
TGA-701 Thermo-Gravimetric Analyzer (TGA).

Statistical analyses

Descriptive statistics (minimum, maximum, quartiles, median,
geometric mean, and standard deviation using n-1) were calcu-
lated for the conductivity, porosity, and GS datasets. The geomet-
ric mean was used for conductivity data due to its log-normal
distribution, whereas the median was applied for porosity and GS
data given their non-normal and partially skewed distributions.
Data distributions and variability were visualised using boxplots.
To evaluate statistical differences between sampling sections, a
Kruskal-Wallis test (p < 0.05) was first applied to assess overall
significance, followed by pairwise Mann-Whitney U tests to iden-
tify where significant differences occurred. Bonferroni adjust-
ments were applied to p-values to account for multiple
comparisons. To assess the influence of distribution shape and
outliers, the standard deviation was compared with the interquar-
tile range (IQR). These descriptive statistics and boxplots were
generated in Microsoft Excel, while nonparametric statistical anal-
yses (Kruskal-Wallis and Mann-Whitney U tests) were conducted
in Python.

Results
Data structure and general results

The data structure, defined by the distribution of sampling
positions (distance from the fault) and orientations (horizontal
and vertical), supports the analysis of saturated hydraulic
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conductivity (K_,), total porosity (P, ), and GS distribution
across the fault, as well as the assessment of correlations
between these parameters. The position and orientation of each
field and laboratory sample, along with their association with
the corresponding trench sampling section (Figure 6) and the
measurement results, are presented in Appendix 1.
Additionally, the findings are correlated with high-resolution
photographs of each field sample, which are provided in
Appendix 2. This appendix also presents the total organic mat-
ter and total carbonate content, the latter showing such low val-
ues that they are of no significance. Within this context, Unit 1
(Beegden Formation) was located below the trench floor and
therefore not sampled. The dataset thus represents the overly-
ing Units 2-5 (Figure 4b; Table 1).

The saturated hydraulic conductivities (Figure 8) vary by
almost four orders of magnitude (Table 2). The lowest
conductivity, 0.004 m day”, is attributed to the deformed
sediments of the fault, while the highest conductivity, 32.1 m
day, is found in the undeformed sediments on the hanging
wall. The geometric mean of the saturated hydraulic
conductivity of the dataset is 2.3 m day™. The range in total
porosities (Figure 10) varies from 27.4 to 39.4%, with a median
value of 35.1%.The median GS (Figure 11) ranges from 146 to
479 pm, with a median value of 199 pm, indicating the presence
of fine to medium sand. In addition, total organic matter
contents (LOI at 550°C) are low in the dataset (Appendix 1),
with values ranging from 0.16 to 0.97 wt% (weight percentage).

Building on this dataset structure, the statistical distributions
of permeability, porosity, and GS were examined to further
analyse their variability. Permeability shows considerable
heterogeneity, with a geometric mean (2.3 m d') that is
substantially lower than the standard deviation (5.0 m d%),
suggesting an uneven distribution of measured values. Porosity
displays a relatively symmetric distribution with limited
heterogeneity, as indicated by a median of 35.1% and a standard
deviation of only 2.5%. The GS data show considerable
heterogeneity, with a median of 199 pm and a standard
deviation of 69 pm.

Saturated hydraulic conductivity distribution

From the foot wall through the fault zone to the hanging wall
(Sections 1-5), the impact of faulting on the range and direc-
tional distribution of saturated hydraulic conductivities (K_) is
evidenced through values spanning almost four orders of mag-
nitude (0.004-32.1 m d) (Figure 8). The deformed fault zone
exhibits a distinct distribution pattern compared to the unde-
formed flanking sediments.

In Section 1 on the foot wall, undeformed sediments show a
clear contrast between horizontal and vertical saturated
hydraulic conductivities. The horizontal saturated hydraulic
conductivities (K,) vary by nearly one order of magnitude,
while the vertical saturated hydraulic conductivities (K ) span
almost three orders of magnitude. The mean horizontal
conductivity (geometric mean) of 5.9 m day™ exceeds the mean
vertical conductivity of 1.6 m day™. The corresponding K, /K
ratio yields an Anisotropy Ratio (AR) of 3.7 (Figure 8).

In Section 2 on the foot wall, the deformed sediments in the
damage zone adjacent to the fault exhibit elevated horizontal
and vertical conductivities. Horizontal conductivities (K,) vary
by slightly more than one order of magnitude, while vertical
conductivities (K ) span three orders of magnitude. The mean
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Figure 8. Distribution of saturated hydraulic conductivity (K_) along trench Sections 1-5, projected onto the schematised trench. The highest mean horizontal and vertical K.
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values occur in the foot-wall damage zone (Section 2). The fault (Section 3) exhibits the lowest mean horizontal hydraulic conductivity (0.6 m day™), which is significantly lower
than in all other sections, and the lowest mean vertical value (0.6 m day™), significantly lower only relative to Section 2. Equal horizontal and vertical means result in an anisotropy
ratio (AR) of 1.0, whereas higher AR values elsewhere indicate horizontal dominance. The inset explains the various boxplot elements.

Table 2. Overall results of the Uden trench site.

Parameter Unit Samples for  Statistic Average Lowest Highest
analyses®

-) “) (n) -) (value) (value) (code)® (value) (code)

Saturated hydraulic conductivity (K_ )= m day"' 150 Geometric mean 23 0.004 (50) 32.1 112

Total porosity (P, ) % 150 Median 35.1 274 (66) 394 106¢

Median grain size (GS)" um 151 Median 199 146 (23)2 479 47

*Moat samples (100—105 and 142—145) excluded (Appendix 2);*Laboratory sample codes are in Table | and Appendix |;Total measurements in the horizontal and vertical

direction; ‘Measurement results converted to international standard at 10°C; *Also measured in samples 109 and 153; Based on a measurement range of 0.12-2,000 pym,

classified according to USDA (1993); ¢Also measured in samples 89, 137,and 160.

horizontal conductivity is 6.7 m day™! and surpasses the vertical
conductivity, which is 3.6 m day™. This fault-flanking section
exhibits the highest mean horizontal and vertical conductivities
among all five sections and has an AR of 1.9 (Figure 8).

Trench sampling Section 3 encompasses the sub-vertical
fault (Figure 8) and exhibits the lowest hydraulic conductivities
of all six sampling sections. Within the fault, reorientation of
elongated grains, iron (hydr)oxide precipitation, and
accumulation of fine sediments and organic matter have
affected the permeability distribution (Figure 5). Horizontal
conductivities (K,) vary over nearly two orders of magnitude
(0.01-3.6 m day?), while vertical conductivities (K ) span just
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over three orders of magnitude. The mean horizontal
conductivity of 0.6 m day ' equals the mean vertical conductivity,
resulting in an AR of 1.0. Within the sub-vertical fault section,
horizontal conductivities are not dominant.

The abrupt transition from higher horizontal conductivities
in the damage zone on the foot wall (Section 2) to lower
conductivities in the fault (Section 3) can be quantified by
horizontal field samples DL7 (sediment samples 18, 20, and 21),
DL9 (28-32), and DL10 (33, 34, and 36) collected from the trench
floor (Figure 9a). The horizontal conductivity values (K,) in
these samples show a reduction from a range of 10.5-22.6 m
day™ in the damage zone on the foot wall to a range of 0.04-2.9
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Figure 9. Fault-related permeability transition from the foot-wall damage zone (Section 2) towards the fault (Section 3), with the red line marking the fault core where fines have
accumulated. (a) Top view showing the position of horizontal field samples DL7-DL10, projected onto the trench floor from their deeper sampling level. Blue arrows indicate
groundwater flow towards the fault (obliquely upward); and (b) DL7, DL9, and DL10 show a reduction in horizontal conductivity (K,) of up to two orders of magnitude, while vertical
conductivity (K) in DL8 is reduced by one to two orders. The vertical black lines indicate the abrupt conductivity decrease at field-sample scale.

m day’ in the fault over a horizontal distance of a few
centimetres (up to ~10 cm; Figure 9b). The most substantial
reduction in horizontal conductivity is observed in field sample
DL10, where the damage zone sediment samples 34 and 36
have values ranging from 10.5 to 10.7 m day™!, while the flanking
fault-sediment sample 33, where fines have accumulated,
shows a horizontal conductivity of only 0.04 m day”. These
sediments demonstrate a fault-related permeability reduction
by more than two orders of magnitude. The horizontal
permeability reduction in field samples DL7 and DL9 is also
abrupt and amounts to approximately one and two orders of
magnitude, respectively. This abrupt permeability change
corresponds consistently with the interface between the
deformed sediments in the damage zone and the fault, where
fine sediments and organic matter have accumulated, as
evidenced by field sample DL10 (Figure 9b).

The abrupt transition from higher vertical conductivities in
the damage zone on the foot wall (Section 2) to lower
conductivities in the fault (Section 3) can be quantified by
horizontal field samples DL8 (sediment samples: 23-27), likewise
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occurring over a horizontal distance of a few centimetres (up to
~10 cm; Figure 9b). In this sample, the deformed foot-wall
sediments have a vertical conductivity of 18.4 m day” (sample
27). The flanking sediment samples (23-26) within the fault
accumulation zone exhibit lower vertical conductivities, ranging
from 0.5 to 2.7 m day". This zone shows diffuse interporous
accumulation of fine sediments and precipitation of particulate
organic matter in multiple thin, brownish-to-black bands (Figure
9b; Appendix 2).

Trench sampling Section 4 covers the damage zone on the
hanging wall (Figure 8) and exhibits increased conductivities,
showing similarities to the foot-wall damage zone. The horizontal
conductivities (K, ) of the deformed sediments in this section range
from 2.0 to 22.7 m day™, while the vertical conductivities (K ) range
from 1.8 to 9.5 m day”, resulting in permeability variations by
approximately one order of magnitude in both directions. The
mean horizontal conductivity from the hanging-wall damage
zone measures 42 m day’, exceeding the mean vertical
conductivity of 3.3 m day™. This fault-flanking section has an AR
of 1.3 and largely resembles the damage zone on the foot wall.
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On the hanging wall, the undeformed sediments of trench
sampling Section 5 (Figure 8) show lower conductivities
compared to the adjacent damage zone. This section reveals a
mean horizontal conductivity (K,) of 3.9 m day™ and a vertical
mean (K ) of 1.7 m day™. The corresponding AR of 2.3 indicates
dominance of horizontal conductivity. Although the highest
saturated hydraulic conductivity value (32.1 m day’) was
measured in laboratory sample 112 attributed to Section 5
(Appendix 2), the median conductivities of the undeformed
sediments on the hanging wall are lower than those of the
deformed sediments in the flanking damage zone.

When comparing the directional hydraulic conductivity
means from all sections, it appears that the mean K, of the fault
(0.6 m d?) is significantly lower than in all other sections. The
mean K (also 0.6 m d")is lower than the mean vertical hydraulic
conductivity in all other sections, but significantly so only when
compared to the foot-wall damage zone.

Total porosity distribution

Cross-fault total porosity in unconsolidated sediments ranges
from 27.4 to 39.4% across all sections, representing the mini-
mum and maximum values of the dataset (Figure 10).

The undeformed foot-wall sediments (Section 1) have a median
total porosity of 34.2%. Closer to the fault, the deformed foot-wall
damage zone (Section 2) shows the lowest median total porosity of
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33.1%. The fault (Section 3) has a median total porosity of 34.1%,
which falls within the range of all foot-wall sediments.

Compared to the foot wall (Sections 1-2) and fault sediments
(Section 3), those on the hanging wall (Sections 4-5) exhibit
higher median total porosities. The deformed sediments in the
fault-flanking damage zone (Section 4) have a median value of
37.0%, while the undeformed sediments (Section 5) have a
median of 36.4%. Although these differences are small, the
increase in median total porosity in the hanging-wall sediments
by approximately 2—-4% is statistically significant (Kruskal-
Wallis test; p < 0.05).

GS distribution

Variation in cross-fault median GS distribution, derived from
samples representing each section, is shown in Figure 11.
Median grain sizes range from 146 to 479 pum, indicating the
presence of fine- to medium-grained sands, where the
repeated value of 146 pm (Section 2-5) likely reflects a charac-
teristic of the sampled sedimentary unit, with additional con-
tribution from grouping into predefined grain size classes
used in the analyses. Sample specifications and grain size
parameters, including fine (clay and silt) and coarse (sand)
fractions, are provided in Appendix 1, whereas grain size dis-
tribution curves for all samples are included in Supplementary
Material S1. Since the dataset shows no evidence of
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Figure 10. Distribution of total porosity (P ) along trench Sections 1-5, projected onto the schematised trench. Median P,
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(Section 1) to 33.1% (Section 2). The fault (Section 3) exhibits a median P
median P

and Appendix 2 provides total-porosity values for all 150 samples.

total
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values on the foot wall range from 34.2

total

of 34.1%, which falls within this foot-wall range. Away from the fault, on the hanging wall,
values are significantly higher, with values of 37.0% (Section 4) and 36.4% (Section 5), compared to Sections 1-3. The boxplot layout is explained in Figure 8,
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Figure 11. Distribution of median grain sizes (GS) along trench sampling Sections 1-5, projected onto the schematised trench. Median values on the foot wall range from 217 pm
(Section 1) to 260 pm (Section 2). The fault (Section 3) contains finer sediments, with a median grain size of 193 um. Away from the fault, onto the hanging wall, median grain sizes
decrease from 197 um (Section 4) to 191 pm (Section 5). Overall, foot-wall sediments (Sections 1 and 2) are significantly coarser than those in the fault (Section 3) and hanging wall
(Section 5). The boxplot layout is explained in Figure 8, and Appendix 2 provides grain size distributions for all 151 samples.

bimodality, the median grain size is used as a representative
measure of the overall distribution, consistent with the
approach applied to hydraulic conductivity (geometric mean)
and total porosity (median).

Away from the fault, the undeformed sediments on the
foot wall (Section 1) have a median grain size of 217 um. Also
on the foot wall, but closer to the fault, the disturbed sediments
in the damage zone (Section 2) display the coarsest median
grain size, at 260 pm. The fault (Section 3), however, comprises
finer sediments, with a median grain size of 193 pm, and
shows an abrupt decrease in median grain size of 67 pm
compared to Section 2. In the hanging-wall damage zone
(Section 4), the widest range in median grain sizes (146-479
pm) is observed. The sediments in this zone have a median
grain size of 197 um, which is coarser than those in the fault
but finer than those in the damage zone on the foot wall. The
undeformed sediments on the hanging wall, located away
from the fault (Section 5), have a median grain size of 191 pm
and exhibit the smallest range (146-265 pm) of all sampled
sections.

The grain size distribution of the unconsolidated sediments at
the Uden trench site (Figure 11) reveals a pattern of coarser
sediments on the foot wall and finer sediments within the fault
and on the hanging wall. This pattern is supported by differences
in median grain size, with the deformed sediments in the fault
(Section 3), the hanging-wall damage zone (Section 4), and the
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sediments away from the fault on the hanging wall (Section 5) all
showing lower median grain sizes than the foot-wall sediments
(Sections 1 and 2), although only Sections 3 and 5 differ
significantly (Kruskal-Wallis test; p < 0.05).

Saturated hydraulic conductivity and total porosity

Saturated hydraulic conductivity values were compared with
their corresponding total porosities (Figure 12; Table 3). Across
all sections, the dataset shows a generally negative correlation,
where higher conductivities tend to correspond to lower total
porosities. This relationship is overall very weak to negligible
in most sections, but strong in the deformed hanging-wall
sediments.

In the undeformed sediments flanking the fault zone
(Figure 12a), the foot-wall conductivities correspond to lower
total porosities (Section 1), whereas those from the hanging
wall correspond to higher total porosities (Section 5). The
calculated correlation factors indicate that the negative trend
between conductivity and total porosity is very weak to
negligible. This is reflected in the dataset, where a single total-
porosity value (e.g. 35%) encompasses hydraulic conductivity
values spanning just over three orders of magnitude
(0.02-32.1 m day). Conversely, a conductivity value (e.g. 6.0
m day?) corresponds to a wide range of total porosities
(27.4-39.4%) (Figure 12a).
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Figure 12. Saturated hydraulic conductivity (K ) and total porosity (P,
undeformed hanging-wall sediments (Section 5), with both displaying a weak negative correlation with K

widest variability in both K (0.004-7.1 m da
despite a similarly broad P

total

Table 3. Correlations between saturated hydraulic conductivity (Ksat), total porosity (P

coefficient of determination (R?).

at

and P,

total

y)

otal

). (@) At a cross-fault scale, undeformed foot-wall sediments (Section 1) exhibit lower P

and (b) Within the deformed fault

sat’

total

o Values than
zone, the fault (Section 3) shows the

(29.1-39.4%), whereas the hanging-wall damage zone (Section 4) spans only one order of magnitude in K _ (1.8-22.7 m day™')
range (30.3-38.4%) and exhibits a moderate negative correlation (R* = 0.68). Logarithmic trendlines with their associated R* values are also shown.

), and grain size (GS) across trench sampling Sections 1-5, expressed as

Sampling Tectonic position  Tectonic Correlation R? Result
section setting
G 0.19 Very weak to negligible negative correlation
| Foot wall Undeformed e
K,—GS 0.64 Moderate to strong positive correlation
K.~P . 0.23 Weak negative correlation
2 Foot wall Deformed e
K, —GS 0.69 Moderate to strong positive correlation
G 0.03 Negligible negative correlation
3 Fault Deformed e
K,—GS 0.00 No correlation
K.P 0.68 Moderate to strong negative correlation
4 Hanging wall Deformed e
K,—GS 0.85 Strong positive correlation
K.P 0.04 Very weak to negligible negative correlation
5 Hanging wall Undeformed e
K, -GS 0.23 Weak positive correlation
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Figure 13. Saturated hydraulic conductivity (K_ ), median grain size (GS), and trends. (a) At a cross-fault scale, undeformed foot-wall sediments (Section 1) show a positive

sat’

correlation between K__and GS; and (b) Within the deformed fault zone, the foot-wall (Section 2) and hanging-wall (Section 4) damage zones show a similar trend, whereas

sat

the fault (Section 3) exhibits no such correlation, and the hanging wall (Section 5) shows only a weak correlation. Logarithmic trendlines with their associated R values are

also shown.

The deformed sediments within the fault zone (Figure 12b)
exhibit distinct behaviour in the relationship between
conductivity and total porosity. The damage zone on the foot
wall (Section 2) shows a weak, whereas the fault (Section 3)
exhibits a negligible relationship and the greatest variability
in both K_, (0.004-7.1 m day?) and P, (29.1-39.4%). The
fault-flanking damage zone on the hanging wall (Section 4)
shows a distinct correlation pattern, in which a wide range of
total porosity values (30.3-38.4%) corresponds to a relatively
limited conductivity variation (1.8-22.7 m day™). This section
is the only one in which the regression analysis and
corresponding trendline exhibit a moderate to strong negative
correlation where higher total porosities correspond to lower
conductivities (Figure 12b).

https://doi.org/10.70712/NJG.v105.12686

Saturated hydraulic conductivity and median grain size distri-
bution

The relationship between saturated hydraulic conductivity and
grain size varies across the fault, with larger K_ values gener-
ally corresponding to coarser grain sizes, while the fault (Section
3) exhibits distinct behaviour (Figure 13; Table 3). The saturated
hydraulic conductivity values of the five cross-fault sampling
sections (Figure 6) are compared with the corresponding
median grain sizes, starting with the undeformed Sections 1
and 5 away from the fault (Figure 13a) and followed by the
deformed Sections 2—4 representing the fault zone (Figure 13b).

Within the undeformed sediments, variability in saturated
hydraulic conductivity on the foot wall (Section 1) is largely
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explained by grain size distribution, whereas on the hanging
wall (Section 5) the correlation is much weaker, which may be
related to the narrow grain size distribution with varying
hydraulic conductivities, among other factors. Both correlations
are illustrated in Figure 13a.

Within the deformed fault zone, the damage zones flanking
the fault show a different hydraulic conductivity-to-grain size
correlation compared to the fault itself. Both the damage zone
on the foot wall (Section 2) and that on the hanging wall (Section
4) confirm that coarser median grain sizes correspond to higher
saturated hydraulic conductivity values, as illustrated in Figure
13b. In contrast, conductivity values within the fault (Section 3)
show no relationship with variations in median grain size, as
shown by the corresponding trendline. This is further evidenced
by the distinctly lower K_ values in Section 3, which largely fall
below the damage-zone trends, illustrating the hydraulic drop-
out of the fault relative to grain size variation. Together, these
findings indicate that the fault occupies a distinct position, as it
alone lacks the hydraulic-grain size correlation observed, to
varying extents, in all other sections.

Discussion
Hydraulic conductivity distribution across the fault

Directly measured directional hydraulic conductivity data in
fault settings are scarce. A review of such data and cross-fault
groundwater-level steps in the RVRS identified only six loca-
tions with quantitative, non-directional hydraulic conductivity
data, all within unconsolidated sediment settings (Lapperre
et al., 2019). These locations show a saturated hydraulic con-
ductivity (K_,) range spanning just over three orders of magni-
tude. A hydrogeological trench study along the Peel Boundary
Fault in Bakel similarly reported a range of just over three
orders of magnitude (Lapperre et al., 2022). The 150 directional
hydraulic conductivity values presented in this study span
almost four orders of magnitude. This wider overall range is
likely related to the larger number of samples, which capture
near-fault lithological variability in greater detail compared to
previous studies. In addition to the locations identified by
Lapperre et al. (2019, 2022), other case studies in the same rift
system have documented cross-fault groundwater-level steps
(Casillas-Trasvina et al., 2022; Deckers et al., 2018). However,
these studies do not provide directly measured K_, values (i.e.
derived from field- or laboratory-based testing). In this setting,
our study provides an extensive, directionally resolved dataset
derived from direct measurements, contributing to improved
insight into fault-related permeability distribution.

The fault zone (Sections 2—4) exhibits significant directional
variation in hydraulic conductivities. The highest hydraulic
conductivities, in both horizontal and vertical directions, occur
in the foot-wall damage zone (Section 2), where they are
statistically higher than those in the fault (Section 3). Section 2
exhibits the largest mean horizontal conductivity (K,) of 6.7 m
day? and the largest mean vertical conductivity (K ) of 3.6 m
day™. The hanging-wall damage zone (Section 4) also shows
increased conductivities, although only the horizontal values
reach statistical significance when compared to the fault.

Enhanced K, may be attributed to prolonged fault-related
groundwater flow towards the fault (Figure 2c) and associated
internal erosion, during which interporous fines such as clay,
silt, very fine sand, and fine sand (Lapperre et al., 2025) were
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gradually mobilised and transported from the foot-wall
sediment matrix towards the fault (Section 3). Internal erosion
is considered a plausible mechanism, supported by trench
observations at the study site (Figures 5b and 9a) and by the
presence of groundwater flow directed towards the fault zone
under a strong hydraulic gradient associated with an average
fault-related groundwater-level step of approximately 2 m
(Lapperre et al., 2025), which suggests that such erosion is
hydrologically feasible. Our dataset does not allow for
additional analyses regarding potential coarsening in
the damage zones. Enhanced K appears to be related to the
presence of numerous minor faults (Figure 5) and the
reorientation of elongated grains induced by fault movement
along the fault plane, which likely serve as conduits for vertical
groundwater flow (Lapperre et al., 2025). While the washing
out of fines predominantly affects horizontal permeability, here
the vertically aligned grain orientation and minor faults are
interpreted to outweigh such effects and enhance permeability
in the vertical direction. Both permeability-enhancing processes
also appear to apply to the hydraulic conductivity distribution
of the deformed sediments in the hanging-wall damage zone
(Section 4). Similar to the foot wall, the hydraulic conductivities
of the deformed sediments in the hanging-wall damage zone
discussed in this section (Figure 8) tend to be higher than those
measured in the undeformed sediments away from the fault
(Section 5), although substantial overlap is present in the
measurements.

The lowest hydraulic conductivities are measured within
the fault (Figure 8), where horizontal values range from 0.01 to
3.6 m day™ and vertical values span 0.004-7.1 m day?, both
with a median of 0.6 m day?’. These horizontal fault
conductivities are significantly lower than those in all other
sections, while vertical fault conductivities are significantly
lower only when compared with the foot-wall damage zone
(Section 2). These low values are attributed to the combined
effects of interporous fines accumulation (clay, silt, very fine
sand, and organic matter), iron (hydr)oxide precipitation
(Figure 5), and the subvertical reorientation of elongated grains
likely further reduces horizontal conductivity. Together, these
processes reduce pore space and are interpreted as the primary
cause of permeability reduction, with fault-induced grain
rotation acting as an initial trigger (Lapperre et al., 2025). Fine
fractions are present across all sections, and their distribution at
sample level is documented in Appendix 1 (including total
organic matter), while full grain size distribution curves for all
samples are provided in Supplementary Material S1. LOI
values indicate that organic contents are generally low (< ~1
wt%), suggesting that their contribution to fault permeability
reduction is likely limited to local pore clogging in thin, dark-
coloured layers (Figure 5b). Due to the combined effects of
these hydrogeological processes, hydraulic conductivities
within the fault are low in both directions, yielding equal mean
values (Figure 8) and thereby an AR of 1.0. This makes the fault
the only section where horizontal conductivity is not dominant.

Hydraulic conductivity for local-scale studies

To accurately model local-scale phenomena such as near-fault
groundwater fluxes, fault-related groundwater temperature
anomalies, the transport of groundwater contaminants, and the
magnitude and variability of the cross-fault groundwater level
step, detailed information on the hydraulic conductivity
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distribution is essential (e.g. Sanchez-Villa et al., 2006; Zhu
et al., 2016). Such a distribution can be obtained from direc-
tional field measurements, which better assess the conduit-bar-
rier function of faults in unconsolidated sediments. Our
findings indicate that the inferred hydrological impact of faults
in unconsolidated sediments in the subsurface (Bense & Person,
2006; Bense et al., 2013; Cook et al., 2022) is also evident near the
surface (Figure 8).

Larger-scale hydraulic conductivity data obtained from
pumping tests, groundwater models, and national subsurface
hydrogeological models (e.g. REGIS II v2.2.2; Hummelman
et al., 2019b) are typically used in regional-scale studies
(Broers et al., 2021; Diaz-Curiel et al., 2022; Zhou & Li, 2011).
However, their applicability at the local scale is limited, as
such data often do not consider conductivity anisotropy, are
inferred rather than directly measured, and lack the
resolution needed to assess both spatial distribution and
correlation with local-scale lithology variations, as well as
the fault-related hydrogeological processes discussed earlier.
Recent catchment-scale modelling efforts (e.g. Casillas-
Trasvina et al., 2022) reveal the need for locally constrained
conductivity data, as calibrated saturated horizontal fault
conductivities are often defined at relatively coarse
resolutions, do not explicitly account for anisotropy, and are
not designed to capture near-surface fault-zone dynamics.

This limitation is evidenced by the variability and
anisotropy in hydraulic conductivity observed between the
fault, damage zones, and undeformed sediments, as
identified in this study. These spatial contrasts and
directional behaviour are not resolved in regional-scale
models such as REGIS and demonstrate that relying solely
on such schematisations may overlook key aspects of the
fault-related hydraulic conductivity distribution and its
impact on groundwater flow.

Near-surface fault-zone groundwater flow

The results from the Uden trench site have three implications
for fault-zone hydrogeology.

First, when assessing near-surface groundwater flow in a
fault setting, both horizontal and vertical permeability contrasts
between the fault, damage zones, and adjacent undeformed
sediments must be taken into account. A groundwater-level
step develops when lateral groundwater flow encounters a
fault that presents a larger hydraulic resistance (lower saturated
hydraulic conductivity) than adjacent sediments, necessitating
a higher hydraulic gradient within the fault. Conversely,
upward seepage in the foot-wall damage zone and downward
flow in the hanging-wall damage zone, flanking the fault, can
redistribute groundwater and has the potential to reduce the
lateral flux into the fault, thereby diminishing the magnitude of
the step. The presented data provide robust insight into the
spatial distribution of directional saturated hydraulic
conductivity in a fault setting. Such data are essential for
improving the modelling of near-surface fault zones. The
observed permeability contrasts and associated flow
mechanisms are representative of the study area. However,
their expression may vary with local lithological composition.
This emphasises the need to incorporate site-specific
conductivity data in local groundwater models.

Next, the ecological functioning of seepage-related areas
onthe foot-wall side of faults, locally known as ‘wijstgronden’,
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depends on sustained upward groundwater flow. In many
locations, historical agricultural practices such as (deep)
ploughing across faults have mechanically disturbed both
the low-permeability fault and the fault-flanking vertically
conductive damage zones. This has likely affected fault-
related groundwater dynamics. Current restoration efforts,
for example those initiated by regional waterboards, largely
aim to re-establish the horizontal barrier effect of the fault.

However, our results suggest that at the study site, the damage
zone on the foot-wall side (Section 2) plays an important role in
facilitating vertical upward flow of iron-rich groundwater towards
the surface, although this may not apply everywhere. This implies
that future restoration efforts should not only focus on reinforcing
horizontal permeability contrasts within the fault but also on
restoring or maintaining vertical conductivity pathways in the
damage zones. In areas where vertical permeability has been
diminished, promoting deep-rooting vegetation may offer a
means of reactivating vertical flow pathways. Additionally,
renewed upward flow could in turn enhance iron (hydr)oxide
precipitation within the hanging-wall damage zone (Section 4),
which is expected to further contribute to the restoration of fault-
zone hydraulic structure where it has been lost.

Finally, the results from this study help explain several
field phenomena that illustrate near-surface conduit-barrier
interactions and their influence on groundwater behaviour.
This explanation is supported by the observed vertical
conductivity contrasts and upward flow potential within the
foot-wall damage zone identified in this study. One such
phenomenon is the occurrence of temperature anomalies in
phreatic groundwater systems at fault locations, where
groundwater temperatures may be up to 8°C higher than
near-surface values (Bense et al, 2008), supporting the
interpretation that warmer, deeper groundwater ascends on
the foot-wall side. Such upward flow may be driven by cross-
fault hydraulic gradients and is facilitated by enhanced
vertical conductivity within the foot-wall damage zone,
although it is probably not the only factor controlling it. This
upward movement of groundwater likely explains the
occurrence of small sand volcanoes in cross-fault watercourses,
which expel groundwater, gas bubbles, and sand. These vents
are frequently observed in the field, often marking the position
of the foot-wall damage zone. Additional indicators, such as
soil moisture patterns reflecting sharp transitions between
wetter and drier areas, can likewise be interpreted in the
context of fault-induced groundwater flow. As such, these
field phenomena can serve as reliable diagnostic indicators
for identifying the fault’s location in near-surface settings.

Total porosities, saturated hydraulic conductivities, and median
grain sizes in a fault setting

Generally, finer sediments such as clay and loam have higher
total porosities (P ;) and lower saturated hydraulic conductiv-
ities (K_,), whereas coarser sediments such as sand and gravel
exhibit lower P, and higher K_ (Freeze & Cherry, 1979). In
the cross-fault dataset, this expected relationship is absent and
instead tends to be weakly reversed (Figures 12a and 12b). At
the Uden trench site, porosities below ~35% coincide with
higher and more variable K, whereas porosities above ~35%
are associated with lower K_ and a narrower range. This nega-
tive pattern is subtle overall in Sections 1-3 and 5, but is more

clearly expressed in the hanging-wall damage zone (Section 4),
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where the regression analysis indicates a moderate to strong
negative correlation (R? = 0.68; Figure 12b). This deviation from
the common correlation may be attributed to generally low clay
contents and to processes that locally modify pore structure
and connectivity. The mobilisation, migration, and accumula-
tion of these fines have the potential to alter hydraulic conduc-
tivity without necessarily affecting total porosity. This
interpretation is supported by the grain size distributions
(Supplementary Material S1), which show predominantly uni-
modal curves with subtle fine-end shoulders, indicating the
presence of a minor fine fraction. Although distinct bimodal
peaks are absent, these curves suggest that even relatively
small amounts of fines may influence hydraulic conductivity.
This may occur when the accumulation of fines partially blocks
pore funnels, thereby impacting hydraulic conductivity while
leaving total porosity relatively unchanged. In the damage
zone, the rotation of elongated grains affects vertical conductiv-
ities without significantly changing total porosity. Permeability
variations, including those occurring in a fault setting, are
therefore likely governed by changes in pore size and pore con-
nectivity. Such changes can result from grain reorientation,
iron (hydr)oxide precipitation, and interporous migration and
accumulation of fines (Lapperre et al., 2025), and are not ade-
quately captured by measuring total porosity alone. Future
studies that incorporate pore size and pore connectivity, for
example through effective porosity measurements derived
from tracer-based techniques (e.g. Stephens et al., 1998), may
therefore better explain observed permeability variations.

In contrast to the conductivity—porosity relationship, the
distribution of saturated hydraulic conductivities (K_)
generally shows a positive correlation with median grain
size (GS) (Figures 13a and 13b). With coefficients of
determination (R?) ranging from 0.64 to 0.85, this correlation
is strong in the undeformed and deformed foot-wall
sediments (Sections 1 and 2) and very strong in the deformed
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hanging-wall sediments (Section 4). The correlation in the
undeformed sediments on the hanging wall (Section 5) is
weak (R? = 0.23) and appears to result from a narrow grain
size range combined with a wider conductivity distribution.
However, the fault-conductivity distribution (Section 3)
shows no correlation with median grain size (Figure 13b).
This exception to the overall positive correlation can be
explained by the fact that within the fault, the initial grain
size distribution has been altered by the accumulation of
interporous fines, as schematically illustrated in Figure 5b
and observed in the Uden trench (Lapperre et al., 2025). This
effect is also evident in the fault-related data points in Figure
13b, which deviate from the unaffected population.

The porosity and conductivity distributions are related to
grain size, with coarser sediments displaying higher
conductivities and finer sediments lower. In a fault setting, this
distribution is also influenced by multiple fault-related effects,
including the reorientation of elongated grains, iron (hydr)
oxide precipitation, and the interporous migration and
accumulation of fines. These fault-related processes are
expected to be the dominant control on the observed
conductivity patterns, as all sediments flanking the fault are
unconsolidated, predominantly sandy, and exhibit only a range
in median grain size of only 69 um between the highest (260 pm
in Section 2) and lowest (191 pm in Section 5) value (Figure 11).

Evolution of conductivity distribution

Building on the observations from the Uden trench site, we
propose a conceptual model illustrating how the conductivity
distribution could evolve (Figure 14). This evolution reflects the
influence of time-dependent processes, including the reorienta-
tion of elongated grains, precipitation of iron (hydr)oxides and
the internal erosion and accumulation of fines. On the foot wall,
the fault-parallel accumulation layer thickens from a few
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Figure 14. Expected future evolution of cross-fault hydraulic conductivity distribution and its potential triggers. Driven by ongoing internal erosion, conductivities on the foot-
wall (Section 1) are expected to increase, particularly in the damage zone (Section 2), where occasional fault activity further enhances K . Within the fault (Section 3), conductivities
may decrease as ongoing fine accumulation outweighs the effects of fault activity. In the hanging-wall damage zone (Section 4), iron (hydr)oxide precipitation reduces conduc-
tivities, while fault activity increases them, resulting in an expected net rise. Conductivities of the undeformed hanging-wall sediments (Section 5) are most likely to remain stable

and serve as the best available reference level in the schematisation.

https://doi.org/10.70712/NJG.v105.12686


https://doi.org/10.70712/NJG.v105.12686

Netherlands Journal of Geosciences

centimetres to a maximum of around 0.3-0.4 m directly against
the fault near the trench floor (Figure 9a). It is characterised by
a grey colour with alternating layers of silt, very fine sand, and
brownish-to-black laminae of particulate organic matter (Figure
9b). The observed increase in thickness with depth (Lapperre
et al., 2025) suggests that deeper parts of the fault have experi-
enced more extensive accumulation. Additionally, the accumu-
lation with increasing depth towards the trench floor shows
multiple alternations of silt and fine sand, separated by thin
laminae enriched with organic matter. Lapperre et al. (2025)
suggest that the silt accumulations at the fault formed during
past cold climatic conditions when mixing and mobilisation of
sediments occurred due to repeated freezing and thawing
(Bockheim & Tarnocai, 1998; Wang et al., 2023), with the fault
serving as the trapping location for mobilised fines. Evidence
for such cold-climate conditions at the trench location was
observed by Van Balen et al. (2024). The organic laminae likely
reflect the migration and accumulation of organic matter from
decayed root remnants, related to soil development during
warmer climatic conditions comparable to those today. On the
hanging wall, several orange-coloured iron (hydr)oxide precip-
itation bands have developed over time in response to a rising
groundwater table during sedimentation (Figure 4a). In addi-
tion, the reorientation of elongated grains is linked to occa-
sional fault activity rather than continuous processes.
Consequently, all these inferred processes together evidence
that the permeability of the fault has changed over time and is
likely to continue evolving. This anticipated future change,
along with its triggers, is schematised in Figure 14.

On the foot wall, fine sediment grains and particulate
organic matter migrate towards the fault, leading to internal
erosion of the unconsolidated sediment matrix as particles are
mobilised and pores develop. The resulting porosity increase
is expected to cause higher hydraulic conductivities in both
horizontal and vertical directions, as internal erosion is likely
still active. This is supported by: (1) a persistent hydraulic
gradient driving groundwater flow, confirmed by multi-year
measurements; (2) the continued availability of unconsolidated
very fine to fine sediments as a migration source (Lapperre
et al., 2025); and (3) trench observations of multilayered
accumulations expanding away from the fault into the foot
wall, which suggest an ongoing process. The process of
internal erosion is expected to be strongest in the foot-wall
flanking damage zone and to diminish away from the fault
towards the undeformed sediments (Figure 14). A temporary
boost in vertical hydraulic conductivity within this damage
zone may result from occasional fault activity, which creates
porous, subvertical minor faults. In the main fault, where the
accumulation of fines predominates, future hydraulic
conductivities are likely to decrease in both horizontal and
vertical directions. However, earthquakes may temporarily
enhance local fault zone conductivities by injecting liquefied
sands into newly formed subvertical minor faults, thereby
keeping them open and porous (Wang, 2022). Such fluidised
sediments are observed in the main fault at the Bakel trench
site (Van Balen et al., 2019) and near the fault at the Uden
trench site (Van Balen et al.,, 2024). In the long term, the
cumulative impact of sporadic fault activity and ongoing
accumulation of fine sediment is anticipated to reduce pore
space again, diminishing future conductivities within the
fault (Figure 14). In the hanging-wall damage zone, two
opposing processes affect near-fault conductivities. Similar to
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the foot-wall damage zone, recurrent fault activity has the
potential to enhance both horizontal and vertical hydraulic
conductivities. However, the precipitation of iron (hydr)
oxides (Figures 4a and 5b) reduces conductivities (Lapperre
et al., 2025). The combined effect of these processes could
result in a slow and steady increase in conductivity in both
horizontal and vertical directions. This anticipated net
increase is supported by the observation that the deformed
sediments in the hanging-wall damage zone (Section 4) exhibit
higher hydraulic conductivity values than the undeformed
sediments away from the fault zone (Section 5) (Figure 8).
This suggests that recurrent seismic activity may repeatedly
promote sediment unpacking and the development of minor
faults, which enhance permeability over time and ultimately
outweigh the gradual conductivity reduction caused by iron
(hydr)oxide precipitation. Away from the fault on the hanging
wall (Section 5), undeformed sediments appear unaffected by
the fault-related hydrogeological processes discussed.
Therefore, their conductivity distribution is expected to
remain largely constant (Figure 14).

Conclusions

Extensive laboratory measurements of saturated horizontal
and vertical hydraulic conductivity (K ) were conducted on
unconsolidated samples from the PBFZ in the Netherlands,
part of the RVRS. The results demonstrated a fault-related con-
ductivity range spanning almost four orders of magnitude,
with values ranging from 0.004 to 32.1 m day?, and quantified
the near-surface conduit-barrier architecture of the fault. The
lowest hydraulic conductivities were found within the fault,
with horizontal fault conductivity ranging from 0.01 to 3.6 m
day™ (mean 0.6 m day™), while vertical values varied from 0.004
to7.1 mday (mean also 0.6 m day). The mean horizontal fault
conductivity is significantly lower than the mean values of all
other sampling sections, whereas the mean vertical fault con-
ductivity is only significantly reduced compared to the
fault-flanking damage zone on the foot wall. These fault con-
ductivities, indicating reduced permeability, largely result
from the accumulation of fines, contributing to the fault’s bar-
rier function causing a permanent cross-fault groundwa-
ter-level step.

The deformed sediments of the foot-wall damage zone
exhibited the highest mean horizontal conductivity of 6.7 m
day?! and a mean vertical conductivity of 3.6 m day?, both
significantly higher than those in the flanking fault. The vertical
conductivity of the hanging-wall damage zone also exhibited a
higher mean of 3.3 m day?, although this difference is not
statistically significant among the sampling sections. These
higher conductivities in the fault-flanking damage zones,
particularly in the vertical direction, account for the conduit
character of the fault zone.

The hydraulic conductivity distribution shows varying
degrees of correlation with the cross-fault median grain size
distribution, except for the fault. In the undeformed sediments
away from the fault, the correlation is strong on the foot wall and
weak on the hanging wall. In the fault-flanking damage zones,
the grain size distribution also shows a clear correlation with
enhanced conductivities. However, the fault holds a distinct
position and shows no such relationship, most likely because it
represents the zone where multiple fault-related hydrogeological
processes have altered both conductivity and grain size
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distribution. In contrast, total porosity shows little to no overall
correlation with hydraulic conductivity within the cross-fault
sampling sections, apart from a localised moderate negative
correlation observed in the hanging-wall damage zone.

Due to the inferred prolonged and ongoing hydrogeological
processes (such as internal erosion, migration and
accumulation of interporous fines, and iron (hydr)oxide
precipitation), along with occasional faulting (including
subvertical reorientation of elongated grains, the development
of minor faults, and fluidisations), the permeability
distribution related to faults in unconsolidated sediments is
expected to evolve over time, with fault conductivities
decreasing and damage-zone conductivities increasing. These
conductivity-affecting processes operate in specific parts of
the fault zone and flanking lithologies, and on different time
scales. Therefore, the current permeability distribution at the
Uden trench site not only exhibits spatial (cross-fault) and
directional (horizontal and vertical) variability, but is also
expected to evolve over geological timescales. The near-
surface conduit-barrier architecture of the fault has changed
in the past and will continue to do so.

Data availability statement

The position and sampling direction of the 37 field samples, as
well as the results from the 161 laboratory samples and their
classification for interpretation, are presented in a table in
Appendix 1. These findings are also linked to a high-resolution
photo of each field sample, shown in Appendix 2. The full grain
size distributions are provided in Supplementary Material S1.
All data supporting this study are available via the Dutch 4TU
Research Data Repository under DOI: [insert DOI].
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Appendix 2

Appendix 2

Location and orientation of field samples 1-36, grouped into trench sampling sections 1-5, and corresponding laboratory samples

33

Northwestern trench wall

= W-has(142-145 [ _19(77-82)
{34 (146-150 ~ [H 2083-87) ]

[H 2108893 ] =
Heoio]

1[33A (1391 e o Ui
32(136-138) 3 1-10(1 37) b
31(133-135) é\w» S | 11-13 (38-50) H |
S el 5
32) j]
. 29(126-130) ‘
| 28 (121-125) H|
27 (116-120) H |8

LEGEND

L SRS )
EEE Il
Southeastern trenCh wa Horizontal field samples DL1-DL10 (laboratory samples 1-37)
I Vertical field samples DL11-DL13 (laboratory samples 38-50)

@ Trench sampling section 1 (foot wall: undeformed tectonic setting)

Field sample DL1 Field sample DL2

vU AMSTERDAM
‘DL=01 HORIZONTAL

ﬂboratory sample 4 (5—10 cm - Appendix 1) \

Attributed to trench sampling section 3

: 1. General lithology (USDA):  fine sand
X-169.417 UDEN (NL) | 2. Median grain size: 164 um
| 3. Total organic matter: 0.73%
Y-407750=10.23 +NAP- 4. Total carbonate (CaCOs):  0.37%
= o e — 5. Total porosity: 34.4%
| [ 1 [ I o et it it et

Attributed to trench sampling section 3 % A
sediments and organic matter

1. General lithology (USDA): fine sand
2. Median grain size: 171um
3. Total organic matter: 0.75%
4. Total carbonate (CaCO ~ 0.42% /Laboratury sample 5 (1318 cm - Appendix 1) \
& UEHIRIESEE = Attributed to trench sampling section 3
6. Hydraulic conductivity (K): 2.6 m d (Ki) with permeameter
7. Remark(s): multiple accumulation bands 1. Generallithology (USDA):  fine sand
CUSIIEIEE: 2. Median grain size: 172 ym
3. Total organic matter: 0.52%
ﬂabmm R D ) \ 4. Total carbonate (CaCOs):  0.31%
Amibu(ed“(,o (ren’:h sampling section app Sy e
6. Hydraulic conductivity (K): 2.4 m d! (K) with permeameter
1. Generallithology (USDA): fine sand 7. Remark(s): diffuse accumulation of fine
& Dizhnpdney e sediments and organic matty
3. Total organic matter: 0.32%
4. Total carbonate (CaC0O3):  0.25%
5. Total porosity: 34.3%
6. Hydraulic conductivity (K): 2.6 m d! (Ky) with permeameter :
7. Remark(s): diffuse accumulation of fine Fleld Sample DL3
\ sediments and organic maner/

Laboratory sample 6 (4—6 cm - Appendix 1)
Attributed to trench sampling section 3

/Laboraturv sample 3 (4449 cm - Appendix 1) \

Attributed to trench sampling section 2

1. Generallithology (USDA):  medium sand do Gensrllithclony D5RA) - finesend

2. Median grain size: 304 pm 2. Median grain size: 164 um

3. Total organic matter: 0.19% 3. Total organic matter: 0.64%

4. Total carbonate (CaC0s):  0.05% 4. Total carbonate (CaC0s):  0.41%

5. Total p(:rosilv: 33.6% . 5. Total porosity: 35.2%

6. Hydraulic conductivity (K): 10.0 m d* (K) with permeameter 2 ne 2

2 RZmark(sp. ty () :oarsersa:d :nd aravel 6. Hydraulic conductivity (K): 0.1 m d (K,) with mod. oedometer

\ / 7. Remark(s): diffuse accumulation of fine

sediments and organic matter

https://doi.org/10.70712/NJG.v105.12686
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Field sample DL4

General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCOs):
Total porosity:

Sample 7 (0~5 cm - Appendix 1)
Attributed to trench sampling section 3

fine sand
153um
0.85%
0.46%
33.8%

Hydraul ity (K):

Remark(s):

NowvswNe

0.04 m d* (Ky)
diffuse accumulation of fine
sediments and organic matter

Field sample DL5

VU AMSTERDAM
DL-OS HORIZONTAL

"X 169417 UDEN (NL) |

) Y 407750 10.27 +NAP

https://doi.org/10.70712/NJG.v105.12686

/Laboramry sample 8 (4-9 cm - Appendix 1) \

Attributed to trench sampling section 3

General lithology (USDA): ~ fine sand
Median grain size: 195 um
Total organic matter: 0.26%
Total carbonate (CaC0s):  0.23%
Total porosity: 34.0%

Hydraulic conductivity (K): 3.5 m dt (K.) vith permeameter
Remark(s): accumulation of fine sediments
and little aravel

\ Kﬂ.msn.b.w.wz—\

aboratory sample 9 (12-17 cm - Appendix 1) \
Attributed to trench sampling section 3
1. General lithology (USDA): ~fine sand
2. Median grain size: 185 um
3. Total organic matter: 0.33%
4. Total carbonate (CaCOs):  0.24%
5. Total porosity: 34.3%
6. Hydrauli (K): 1.3 md (Ke) wit
7. Remark(s): accumulation of fine sediments

and little gravel

ﬂaboratory sample 10 (26-36 cm - Appendix 1) \

Attributed to trench sampling section 3

General lithology (USDA): ~ fine sand

Median grain size: 228 um

Total organic matter: 0.59%

Total carbonate (CaC0s):  0.16%

Total porosity: 2.9%

Hydraulic conductivity (K): 0.5 m d* (Ki) with traxil

Remark(s): accumulation of fines in
coarselr) sediments with my

(/ﬂmw.b.wr-z—\

/Labora(ory sample 11 (43-48 cm - Appendix 1) \
Attributed to trench sampling section 2

1. General lithology (USDA): fine sand
2. Median grain size: 242 ym
3. Total organic matter: 030%
4. Total carbonate (CaC0):  0.18%
5. Total porosity: 28.5%
6. Hydraulic conductivity (K): 6.5 m d (K) with permeameter

gravel pockets

\L Remark(s):

mabcrator\/ sample 12 (50-55 cm - Appendix 1) \
Attributed to trench sampling section 2

medium sand
257 um

General lithology (USDA):
Median grain size:

. Total organic matter: 0.19%

. Total carbonate (CaC0): ~ 0.14%

. Total porosity: 31.2%

Remark(s): gravel pockets

¥
2
g
4.
5
6. Hydraulic conductivity (K): 9.6 m d (K,) with permeameter

Field sample DL6

VU AMSTERDAM
DL-O6 HORIZONTAL

X 169,416 UDEN (NL) |
'Y 407750 1021 +NAP

Rimbaud E. Lapperre et al.

ﬂaboratory sample 13 (7-17 cm - Appendix 1) \
Attributed to trench sampling section 3

General lithology (USDA): ~fine sand
Median grain size: 202 um
Total organic matter: 0.58%
Total carbonate (CaC0s):  0.22%
Total porosity: 38.7%

Hydraulic conductivity (K): 0.2 m d* (Kp) with trasial
Remark(s): multiple accumulation bands
organic matter

/ﬂ@w#wwe

ﬂaboratmy sample 14 (22-27 cm - Appendix 1) \

Attributed to trench sampling section 3

1. General lithology (USDA): ~ fine sand
2. Median grain size: 193 um
3. Total organic matter: 0.28%
4. Total carbonate (CaCOs): 0.20%
5. Total porosity: 34.2%
6. Hydraulic ity (K): 3.4 m d* (Ky) wi

Remark(s):

=

gravel present and
accumulation of fines /

/Laboramry sample 15 (32-37 cm - Appendix 1)
Attributed to trench sampling section 3

fine sand
199 pm

General lithology (USDA):
Median grain size:

. Total organic matter: 0.25%
Total carbonate (CaC0s):  0.17%

. Total porosity: 33.1%
Hydraulic conductivity (K): 3.6 m d* (Kn) with permeameter

i,
2
3.
a,
5
6.
7. Remark(s): gravel present and
K accumulation of fines

/Laboratory sample 16 (4348 cm - Appendix 1) \

Attributed to trench sampling section 3

1. Generallithology (USDA): ~ fine sand
2. Median grain size: 216 um

3. Total organic matter: 0.43%

4. Total carbonate (CaCO3):  0.17%

5. Total porosity: 32.4%

6. Hydraulic conductivity (K): 7.1 m d* (K,) with permeameter
7

Remark(s): gravel present and
\ accumulation of fines /

ﬂaboratmy sample 17 (55-60 cm - Appendix 1) \

Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand
2. Median grain size: 262 um
3. Total organic matter: 0.21%
4. Total carbonate (CaC0O3):  0.12%
5. Total porosity: 27.7%
6. Hydraulic ity (K): 3.0 m d* (Ky) wi

coarser sediments with gravy

kRemark(s):
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Field sample DL7

VU AMSTERDAM
DL-OZHORIZONTAL

' X 169416 UDEN (NL)
Y 407751 987 +NAP

-0-

https://doi.org/10.70712/NJG.v105.12686

ﬁabnratory sample 18 (712 cm - Appendix 1)
Attributed to trench sampling section 3

General lithology (USDA): ~fine sand
Median grain size: 190 um
Total organic matter: 0.42%

Total carbonate (CaC0s): ~ 0.26%

Total porosity: 36.1%
Hydraulic ivity (K): 0.2 m d (K)

Remark(s): accumulation band organic
matter

(fss’wﬂ?wwr

>

ﬂaboratory sample 19 (16-21 cm - Appendix 1)
Attributed to trench sampling section 3

1. General lithology (USDA): ~fine sand
2. Median grain size: 208 um
3. Total organic matter: 0.33%
4. Total carbonate (CaC0z):  0.21%
5. Total porosity: 33.2%
6. Hydraulic ivity (K): 0.1 m d (K.)

\

~

\;Remark(s;:

micro layering sediments /

/Labaratory sample 20 (25-30 cm - Appendix 1)
Attributed to trench sampling section 3

. Hydraulic conductivity (K): 1.0 m @ (K) with permeameter

\

ﬂabmalory sample 21 (35-40 cm - Appendix 1) \

1. Generallithology (USDA): ~ fine sand
2. Median grain size: 238um
3. Total organic matter: 0.63%
4. Total carbonate (CaC0s):  0.28%
5. Total porosity: 317%
6.

7.

Remark(s): multiple accumulation bands

organic matter

Attributed to trench sampling section 2

General lithology (USDA): ~fine sand
Median grain size: 24 um

Total organic matter: 0.26%

Total carbonate (CaCOs): 0.17%

Total porosity: 33.2%

Hydraulic conductivity (K): 13.3 m d* (Ky) with permeameter
Remark(s):

(,.\‘,U\E"PP‘!*‘!"

Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand
2. Median grain size: 280 um
3. Total organic matter: 0.20%
4. Total carbonate (CaC0s):  0.14%
5. Total porosity: 32.5%
6. Hydraulic conductivity (K): 11.2 m d* (K,) with permeameter

Remark(s):

coarse sediments with gmm/

ﬂzboratory sample 22 (49-54 cm Appendix 1) \

coarser sediments with gravy

Field sample DL8

0=

VU AMSTERDAM
DL-08 HORIZONTAL

X 169417 UDEN.(NL) | |
Y 407750 983 +NAP |

35

ﬁaboratmy sample 23 (3-8 cm - Appendix 1) \

Attributed to trench sampling section 3

General lithology (USDA): ~fine sand

Median grain size: 146 pm

Total organic matter: 037%

Total carbonate (CaC0s): ~ 0.31%

Total porosity: 353%
ydrauli ivity (K): 2.7 m d? (K,)

Remark(s): -

/,“9‘5"??"!"?“

AN

ﬂaboratow sample 24 (11-16 cm - Appendix 1)
Attributed to trench sampling section 3

1. General lithology (USDA): fine sand
2. Median grain size: 155 um

3. Total organic matter: 0.59%

4. Total carbonate (CaCOy):  0.44%

5. Total porosity: 35.6%

6. Hydrauli (K): 0.5 md (K,) wi

7. Remark(s): accumulation of fines

N\

ﬁaboratory sample 25 (21-26 cm - Appendix 1)
Attributed to trench sampling section 3

1. General lithology (USDA): fine sand

2. Median grain size: 175 pm

3. Total organic matter: 0.74%

4. Total carbonate (CaCOs):  0.35%

5. Total porosity: 35.0%

6. Hydrauli ivity (K): 1.6 m d* (K.)
7. Remark(s):

multiple accumulation bands
organic matter /

Aaboramry sample 26 (35-40 cm - Appendix 1) \

Attributed to trench sampling section 3

1. General lithology (USDA):  medium sand
2. Median grain size: 256 um

3. Total organic matter: 0.40%

4. Total carbonate (CaCO3):  0.18%

5. Total porosity: 305%

6. Hydrauli ivity (K): 1.7 m d (K,)
7. Remark(s):

accumulation of fines in
coarser sediment with gravey

ﬁaboratory sample 27 (49-54 cm - Appendix 1) \

Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand
2. Median grain size: 375 um
3. Total organic matter: 0.24%
4. Total carbonate (CaCOy):  0.15%
5. Total porosity: 319%
6. Hydraulic conductivity (K): 18.4 m d* (K.) with permeameter

Remark(s):

coarser sediments with gravel/

e
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Field sample DL9

VU AMSTERDAM
DL-O9HORIZONTAL

X 169417 UDEN (NL) |
Y 407750979 +NAZ"

0-
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ﬁzboratory sample 28 (4-9 cm - Appendix 1)

Attributed to trench sampling section 3

1. General lithology (USDA): ~fine sand

2. Median grain size: 159 pm

3. Total organic matter: 032%

4. Total carbonate (CaC0s):  0.24%

5. Total porosity: 35.6%

6. Hydraulic conductivity (K): 2.9 m d (Ky) with permeameter

<

ﬁabcratory sample 29 (12-17 cm - Appendix 1)
Attributed to trench sampling section 3

General lithology (USDA): ~fine sand
Median grain size: 170 pm

Total organic matter: 041%

Total carbonate (CaC0):  0.26%

Total porosity: 35.9%

Hydraulic conductivity (K): 0.5 m d* (Ky) with permeameter

(.w.msn.bw:v:-‘

/Laboratary sample 30 (25-35 cm - Appendix 1)
Attributed to trench sampling section 3

General lithology (USDA): ~ medium sand

Median grain size: 279 um
Total organic matter: 0.60%
Total carbonate (CaC0s): ~ 0.33%
Total porosity: 32.9%

Hydraulic conductivity (K): 0.2 m d* (Kp) with trsxial

(/N.ms".b.wwr-

Attributed to trench sampling section 2

General lithology (USDA):  medium sand
Median grain size: 384 um
Total organic matter: 0.24%

Total carbonate (CaC0s):  0.13%
Total porosity: 31.7%
Hydraulic conductivity (K): 19.2 m d-* (Ki) with permeameter

Qe WP

f

Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand
2. Median grain size: 411 pm
3. Total organic matter: 0.20%
4. Total carbonate (CaCOs):  0.13%
5. Total porosity: 30.1%
6. Hydraulic conductivity (K): 22.6 m d* (Ky) with permeameter

f -

Field sample DL10

~

vU AMSTERDAM
DL-10 HORIZONTAL
X 169417 UDEN (NL) |

Remark(s): accumulation of fines /

Remark(s): accumulation of fines /

Remark(s): compact sand-silt-gravel Iayev/

Gboramry sample 31 (43-48 cm - Appendix 1) \

Remark(s): coarser sediments with gravy

bioratory sample 32 (53-58 cm - Appendix 1) \

Rimbaud E. Lapperre et al.

/Laboratory sample 33 (5-15 cm - Appendix 1) \

Attributed to trench sampling section 3

1. General lithology (USDA): fine sand
2. Median grain size: 199 pm

3. Total organic matter: 0.76%

4. Total carbonate (CaCO3):  0.27%

5. Total porosity: 35.5%

6. Hydraulic conductivity (K): 0.04 m d-* (Ki) with traxia

7. Remark(s): multiple accumulation bands

organic matter in sample

/Laboratory sample 34 (18-23 cm - Appendix 1) \

Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand

2. Median grain size: 315 pm

3. Total organic matter: 031%

4. Total carbonate (CaC0s):  0.15%

5. Total porosity: 31.4%

6. Hydraulic conductivity (K): 10.5 m d-* (K) with permesmeter
( Remark(s): coarser sediments with grave\/

ﬂaboramry sample 35 (29-34 cm - Appendix 1) \

Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand
2. Median grain size: 305 um
3. Total organic matter: 0.24%
4. Total carbonate (CaCOs):  0.14%
5. Total porosity: 33.6%
6. Hydraulic conductivity (K): 9.0 m d* (K,) with permeameter

\1 Remark(s): coarser sediments with gvzvel/

Kﬂboramrv sample 36 (39-44 cm - Appendix 1) \

Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand
2. Median grain size: 300 um
3. Total organic matter: 0.25%
4. Total carbonate (CaCO3):  0.14%
5. Total porosity: 343%
6. Hydraulic conductivity (K): 10.7 m d% (Ky) with permeameter

~

KRemark(s): coarser sediments with gravy

ﬂabora(ory sample 37 (49-54 cm - Appendix 1) \
Attributed to trench sampling section 2

1. General lithology (USDA):  medium sand
2. Median grain size: 311um
3. Total organic matter: 0.24%
4. Total carbonate (CaCOs):  0.14%
5. Total porosity: 33.2%
6. Hydraulic conductivity (K): 10.9 m dt (K.) with permeameter

Remark(s): coarser sediments with gravy

Remark(s): coarser sediments with graveI/
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Field sample DL11

vuU AMSTERDAM
DL-11  VERTICAL

X 169,416 UDEN (NL) |
Y 407751 971 +NAP

-0~
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nabora(orv sample 38 (5-10 cm - Appendix 1) \

9. General lithology (USDA):
10. Median grain size:

11. Total organic matter:

12. Total carbonate (CaCO3):
13. Total porosity:

Attributed to trench sampling section 3

fine sand
183 um
0.30%
0.20%
35.7%

14. Hydrauli ivity (K):
15. Remark(s):

0.7 md? (k)
accumulation of fines and iron
precipitation

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaCOs):
Total porosity:

Hydraulic ivity (K):

ﬂaboratcry sample 39 (13-18 cm - Appendix 1) \

Attributed to trench sampling section 3

fine sand
199 um

033%

0.27%

33.1%

1.1 m dt (Ky) wi

Remark(s):

fs.@!ﬂ.».wwr-

accumulation of fines and iron
discolorations

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaC03):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

(’ﬂsﬁw?wwf

ﬁaboratcw sample 40 (25-30 cm - Appendix 1) \

Attributed to trench sampling section 3

fine sand

194 pm
0.46%

031%

328%

0.03 m d* (K)
accumulation of fines and iron

ith permeameter

discolorations

General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCO3):
. Total porosity:

Hydraulic conductivity (K):

\;Remark[s):

NouswN e

ﬁabora(ury sample 41 (35-40 cm - Appendix 1) \

Attributed to trench sampling section 3

fine sand
226 um

032%

0.22%

30.8%

2.7 m & (Ki) with permeameter
accumulation of fines and iron
discolorations

ﬁabcratory sample 42 (45-50 cm - Appendix 1) \

Attributed to trench sampling section 3

1. General lithology (USDA): ~fine sand
2. Median grain size: 248 um
3. Total organic matter: 0.56%
4. Total carbonate (CaCOs):  0.39%
5. Total porosity: 29.1%
6. Hydrauli (K): 0.8md* (Ky)

Remark(s):

f“

accumulation of fines and iron
precipitation

Field sample DL12

VU AMSTERDAM
DL-12 vERTICAL

"X 169,416 UDEN (NL)
0 Y 407750 966 +NAF-

10 -

20-

37

ﬂaboratory sample 43 (6-11 cm - Appendix 1) \

(.\‘.0'5"?9':\4!—‘

Attributed to trench sampling section 3

General lithology (USDA): ~ fine sand
Median grain size: 154 um
Total organic matter: 0.63%
Total carbonate (CaCO3):  0.29%
Total porosity: 33.4%

Hydraulic conductivity (K): 0.0 m d-* (Ky) with permeameter
Remark(s): accumulation of fines and iron

discolorations /

'/'.\'.09'95“:\'2-'

ﬂabaramry sample 44 (1419 cm - Appendix 1) \

Attributed to trench sampling section 3

General lithology (USDA):  fine sand
Median grain size: 165 pm
Total organic matter: 0.37%
Total carbonate (CaCOs):  0.25%
Total porosity: 33.2%

Hydraulic conductivity (K): 2.2 m d (K) with permeameter

Remark(s): accumulation of fines /

1.

2.

3.

a,

5.

6.
\_

ﬂaboratary sample 45 (25-30 cm - Appendix 1) \

Attributed to trench sampling section 3

General lithology (USDA): ~ fine sand
Median grain size 192 pm

. Total organic matter: 0.33%

. Total carbonate (CaCOs):  0.23%

. Total porosity: 32.0%

Hydraulic conductivity (K): 2.3 m d (K.) with permeameter
Remark(s): accumulation of fines /

Kﬂsm."‘.».wr-»-

/Lahoratorysample45(46751cm»Appendixl) \

Attributed to trench sampling section 4

General lithology (USDA):  medium sand
Median grain size: 326 um
Total organic matter: 0.29%

Total carbonate (CaCOs):  0.18%

Total porosity: 313%

Hydraulic conductivity (K): 9.5 m d* (K) with permeameter
Remark(s): coarser sediments with gravel/

(N.m,"'?.w:\'z—‘

/Lahoratorysamp\e 47 (52-57 cm - Appendix 1) \

Attributed to trench sampling section 4

General lithology (USDA): ~ medium sand

Median grain size: 479 pm
Total organic matter: 0.24%
Total carbonate (CaCOs):  0.16%
Total porosity: 30.3%

Hydraulic conductivity (K): 2.7 m d% (Ks) with permeameter
Remark(s): coarser sediments with gmvd/
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Field sample DL13

vU AMSTERDAM
DL-13 VERTICAL

‘X 169417 UDEN (NL) |
'Y 407750 967 +NAP

Field sample DL14

-0

vuU AMSTERDAM
DL-14 VERTICAL

' X 169,423 UDEN (NL) |
'Y 407755 1257 +NAP

https://doi.org/10.70712/NJG.v105.12686

/Laboratory sample 48 (3-8 cm - Appendix 1)
Attributed to trench sampling section 4

General lithology (USDA): ~ fine sand
Median grain size: 198 ym
Total organic matter: 0.25%
Total carbonate (CaC0s):  0.20%
Total porosity: 35.9%

Remark(s): -

[ﬂsﬂsﬂ?wr’z—‘

Hydraulic conductivity (K): 5.1 m d* (Ky) with permeameter

~

J

/Laboratory sample 49 (1015 cm - Appendix 1)
Attributed to trench sampling section 3

Remark(s): accumulation of organic

matter

>

1. General lithology (USDA): ~ fine sand
2. Median grain size: 156 um
3. Total organic matter: 035%
4. Total carbonate (CaC0O3):  0.27%
5. Total porosity: 35.4%
6. Hydraulic conductivity (K): 2.2 m d* (K,) with permeameter

4

/

/Labmatory sample 50 (20-30 cm - Appendix 1)
Attributed to trench sampling section 3

1. General lithology (USDA): ~ fine sand
2. Median grain size: 180 um
3. Total organic matter: 0.59%
4. Total carbonate (CaC0s):  0.28%
5. Total porosity: 30.6%
6. Hydraulic conductivity (K): 0.004 m d-* (K.) with traxis

Remark(s):

7

accumulation of fines (compact
layering) in coarser sediments

~

/Labcratory sample 51 (4-9 cm - Appendix 1)
Attributed to trench sampling section 1

~

thin silty band

Kkemark(s]:

1. General lithology (USDA): ~fine sand
2. Median grain size: 206 um
3. Total organic matter: 0.32%
4. Total carbonate (CaC0s): ~ 0.17%
5. Total porosity: 35.8%
6. Hydraulic conductivity (K): 0.3 m d* (Ky) with permeameter

~

4

/Laboramry sample 52 (1116 cm - Appendix 1)
Attributed to trench sampling section 1

General lithology (USDA): ~fine sand
Median grain size: 202um
Total organic matter: 0.26%
Total carbonate (CaC03):  0.19%
Total porosity: 36.1%

Remark(s): thin silty band

(:s"w.bwr*r-'

Hydraulic conductivity (K): 2.7 m d-% (Ky) with permeameter

<

4

ﬂa boratory sample 53 (25-30 cm - Appendix 1)
Attributed to trench sampling section 1

Remark(s): -

<

1. General lithology (USDA): fine sand
2. Median grain size: 174 um
3. Total organic matter: 0.25%
4. Total carbonate (CaC0):  0.17%
5. Total porosity: 37.4%
6. Hydraulic conductivity (K): 3.4 m d* (K,) with permeameter

\

/

/Labcratory sample 54 (35—40 cm - Appendix 1)
Attributed to trench sampling section 1

\;Remark(sjz -

1. General lithology (USDA): fine sand
2. Median grain size: 232um
3. Total organic matter: 0.26%
4. Total carbonate (CaC0s):  0.18%
5. Total porosity: 36.0%
6. Hydraulic conductivity (K): 5.6 m d (Ky) with permeameter

\

/

ﬁa boratory sample 55 (48-53 cm - Appendix 1)
Attributed to trench sampling section 1

thin silty band

Kkemark(s]:

1. General lithology (USDA): ~fine sand
2. Median grain size: 204 um
3. Total organic matter: 034%
4. Total carbonate (CaC0s):  0.20%
5. Total porosity: 36.5%
6. Hydraulic conductivity (K): 1.1 m d* (K.) with permeameter

\

/

Field sample DL15

-0

VU AMSTERDAM
DL-1S veRTicAL

"X 169.423 UDEN (NL) ;
'Y 407755 12,01 +NAP

ﬂaboratory sample 56 (8-13 cm - Appendix 1)

<

Kaboratury sample 57 (2025 cm - Appendix 1)

/Labora(ory sample 58 (38-43 cm - Appendix 1)

{ff'.mwpwzve-‘

it

2.

3

4.

5.

6.
\_

Rimbaud E. Lapperre et al.

~

Attributed to trench sampling section 1

1. General lithology (USDA):  fine sand
2. Median grain size: 179 pm
3. Total organic matter: 057%
4. Total carbonate (CaC03):  0.23%
5. Total porosity: 35.4%
6. Hydraulic conductivity (K): 0.02 m d* (K.) with permeameter

Remark(s):

thin silty band in sample /

Attributed to trench sampling section 1

fine sand
204 pm
0.21%
0.17%
35.1%

. General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCO3):

. Total porosity:
Hydraulic conductivity (K): 6.6 m d* (Ky) with permeameter

4
2
&
a.
8
6.
( Remark(s): 5 /

\

Attributed to trench sampling section 1

General lithology (USDA): ~fine sand
Median grain size: 223um
Total organic matter: 0.23%

Total carbonate (CaCOs): ~ 0.17%
Total porosity: 35.4%
Hydraulic conductivity (K): 5.4 m d* (K,) with permeameter

Remark(s): /

Aaboralorv sample 59 (5358 cm - Appendix 1) \

Attributed to trench sampling section 1

. General lithology (USDA): ~ fine sand
Median grain size: 203um

. Total organic matter; 0.23%

. Total carbonate (CaCO3):  0.19%

. Total porosity: 30.0%

Hydraulic conductivity (K): 3.9 m d* (Kn) with permeameter
Remark(s): coarser sediments with grave\/
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i Field sample DL17
K"abmmry s20pl=60/(Gatt cmBhppendxy) \ /Laboratory sample 66 (5—10/cm - Appendix 1) \

Attributed to trench sampling section 1 P o
e G VU AMSTERDAM ity 05
e O DL-17 VERTICAL

' X 169,422 UDEN (NL)
Y 407754 1091 +NAP |

Field sample DL16

Median grain size: 353 um

Total organic matter: 0.22%

Total carbonate (CaC0s): ~ 0.14%

Total porosity: 27.4%

Hydraulic conductivity (K): 5.7 m ! (K) with permeameter
Remark(s): gravel

/Labmatory sample 67 (21-26 cm - Appendix 1) \

O U

Total porosity: 347%

vU AMSTERDAM R
DL-16 VERTICAL |[RSl f

) x 169 422 UDEN (N, ) | /Labf)ramrysamplesl (?4—19 c'm»Append‘\xl) \ = 0
Y 407754 11,46 +NAP |

o

/_\‘9"5"?!".’“!—‘

1. General lithology (USDA): fine sand

0 = S T e Attributed to trench sampling section 1
- 3. Total organic matter: 0.31% General lithology (USDA):  medium sand
4. Total carbonate (CaC0s):  0.23% Median grain size: 405 pm
5. Total porosity: 35.9% Total organic matter: 0.22%

6. Hydraulic conductivity (K): 3.1 m d (K.) with permeameter

i Remark(s): gravel in sample /

ﬁaboramry sample 62 (26-31 cm - Appendix 1) \

Attributed to trench sampling section 1

Total carbonate (CaC0s): ~ 0.16%
Total porosity: 31.2%
Hydraulic conductivity (K): 11.6 m % (Ku) with permeameter

Remark(s): gravel /

/.“.‘"!"P.‘“.Nr-‘

1. General lithology (USDA):  fine sand

2. Median grain size: 179 ym Laboratory sample 68 (3035 cm - Appendix 1)
3. Total organic matter: 0.37% Attributed to trench sampling section 1

4. Total carbonate (CaC0y):  0.26%

5 Wiotal poraalty: 36.9% General lithology (USDA):  medium sand

Median grain size: 384 um

Total organic matter: 0.21%

Total carbonate (CaC0s):  0.14%

Total porosity: 31.8%

Hydraulic conductivity (K): 14.4 m d* (Ky) with permeameter

Remark(s): gravel /

Hydraulic conductivity (K): 0.1 m d* (K,) with permeameter

6.
( Remark(s): thin silty band /

/Laboratory sample 63 (34—39 cm - Appendix 1) \

Attributed to trench sampling section 1

ﬂmw#wrna

1. Generallithology (USDA): fine sand
2. Median grain size: 211pum
2 Dl Q2 /La boratory sample 69 (4348 cm - Appendix 1) \
4. Total carbonate (CaC0s):  0.17% g . .
51 Tocal pordeley: oner Attributed to trench sampling section 1
6. Hydraulic conductivity (K): 5.7 m d% (Ky) with permeameter 1. General lithology (USDA): fine sand
Q Remark(s): = / 2. Median grain size: 244 um
3. Total organic matter: 0.57%
\ 4. Total carbonate (CaC0Os):  0.25%
Laboratory sample 64 (43—48 cm - Appendix 1) 5. Total porosity: 325%
Attributed to trench sampling section 1 6. Hydraulic conductivity (K): 2.3 m d* (K,) with permeameter
Ty 7. Remark(s): diffuse organic matter and
2. Median grain size: 183 um ‘\ aravel
3. Total organic matter: 035%
4. Total carbonate (CaCOs):  0.22% / \
5. Tty 36.7% Laboratory sample 70 (52-57 cm - Appendix 1)
6. Hydraulic conductivity (K): 0.9 m d* (K,) wih permeameter Attributed to trench sampling section 1
7. Remark(s): multiple thin silty bands and 1. GeneraliRfiology{USDA) mediumzand
gravel 2. Median grain size: 389 um
3. Total organic matter: 033%
/ i \ 4. Total carbonate (CacOs):  0.05%
Laboratory sample 65 (5257 cm - Appendix 1) 5. Total porosity: e
Attributed to trench sampling section 1 6. Hydraulic conductivity (K): 100 m d (Ki) with permeameter
1. General lithology (USDA): fine sand 7. Remark(s): diffuse organic matter and
2. Median grain size: 187 um \ gravel /
3. Total organic matter: 0.24%
4. Total carbonate (CaCOs):  0.17%
5. Total porosity: 34.1%
3

. Hydraulic conductivity (K): 3.5 m d* (Ky) with permeameter

\7\, Remark(s): gravel

https://doi.org/10.70712/NJG.v105.12686
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Field sample DL18

VU AMSTERDAM
VERTICAL

DL-18

"X 169.421 UDEN (NL)
Y 407753 1029 +NAP

0
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/Laboratory sample 71 (5-10 cm - Appendix 1)
Attributed to trench sampling section 1

1. General lithology (USDA):  medium sand
2. Median grain size: 322um
3. Total organic matter: 0.23%
4. Total carbonate (CaC0s):  0.18%
5. Total porosity: 325%

6.
& Remark(s): gravel

Hydraulic conductivity (K): 13.7 m d (K.) with permeameter

\

ﬂaboratory sample 72 (13-18 cm - Appendix 1)
Attributed to trench sampling section 1

General lithology (USDA):  medium sand
Median grain size: 394 um
Total organic matter: 0.20%

Total carbonate (CaC0):  0.15%
Total porosity:

R e RS

6.
\7; Remark(s): gravel

Hydraulic conductivity (K): 104 m d (Kn) with permeameter

~

/Labcratory sample 73 (21-26 cm - Appendix 1)
Attributed to trench sampling section 1

7. Remark(s): thin silty band in sample

1. General lithology (USDA):  medium sand
2. Median grain size: 400 pm
3. Total organic matter: 021%
4. Total carbonate (CaC03):  0.15%
5. Total porosity: 33.6%
6. Hydraulic conductivity (K): 16.6 m d-* (K.) with permeameter

N

ﬂaboratorv sample 74 (28-33 cm - Appendix 1)
Attributed to trench sampling section 1

1. General lithology (USDA):  medium sand
2. Median grain size: 362 um
3. Total organic matter: 0.26%
4. Total carbonate (CaCO3):  0.17%
5. Total porosity: 31.0%

6.
\7; Remark(s): gravel

Hydraulic conductivity (K): 13.6 m d™ (Kr) with permeameter

4

ﬂaboratory sample 75 (37-42 cm - Appendix 1)
Attributed to trench sampling section 1

1. General lithology (USDA):  medium sand
2. Median grain size: 321um

3. Total organic matter: 0.97%

4. Total carbonate (CaCOs):  0.45%

5. Total porosity: 30.0%

6.

%

diffuse organic matter and
gravel

Remark(s):

Hydraulic conductivity (K): 2.1 m d* (K,) with permeameter

\

ﬁaboramry sample 76 (45-50 cm - Appendix 1)
Attributed to trench sampling section 1

1. General lithology (USDA):  medium sand
2. Median grain size: 269 um
3. Total organic matter: 0.26%
4. Total carbonate (CaCO3):  0.16%
5. Total porosity: 329%

{ Remark(s): gravel

Hydraulic conductivity (K): 3.3 m d* (Ks) with permeameter

\

Field sample DL19

-0

VU AMSTERDAM
DL-19 VERTICAL

X 169416 UDEN (ML)
Y 407753 12.12 +NAP

Rimbaud E. Lapperre et al.

/Laboramry sample 77 (611 cm - Appendix 1)
Attributed to trench sampling section 2

1. General lithology (USDA): fine sand
2. Median grain size: 191 pm

. Total organic matter: 0.37%

. Total carbonate (CaCO3):  0.20%

. Total porosity: 37.0%

6. Hydraulic conductivity (K): 2.9 m d (K,) with permeameter
\( Rermark(s): fine root remnants

3
4.
5

~N

J

/Laboramry sample 78 (14-19 cm - Appendix 1)
Attributed to trench sampling section 2

1. General lithology (USDA):  fine sand
2. Median grain size: 184 ym

. Total organic matter: 0.79%

. Total carbonate (CaCO3):  0.36%

. Total porosity: 36.1%

6. Hydraulic conductivity (K): 0.1 m d (K,) with permeameter
{ Remark(s): accumulation of organic matt

3
4.
L

N

-4

ﬂaboramry sample 79 (25-30 cm - Appendix 1)
Attributed to trench sampling section 2

1. General lithology (USDA): fine sand
2. Median grain size: 221pm

. Total organic matter: 030%

. Total carbonate (CaCO3):  0.23%

. Total porosity: 34.5%

6. Hydraulic conductivity (K): 4.0 m d (K) with permeameter
k7\. Remark(s): fine root remnants

3
4.
g

\

ﬂ.aboratory sample 80 (33-38 cm - Appendix 1)
Attributed to trench sampling section 2

1. General lithology (USDA):  fine sand
2. Median grain size; 216 um
3. Total organic matter: 052%
4. Total carbonate (CaC0):  0.24%
5. Total porosity: 37.4%

@

. Hydraulic conductivity (K): 4.0 m d (K.) with permeameter
\7\. Remark(s): fine root remnants

/
4

/Laboratory sample 81 (43-48 cm - Appendix 1)
Attributed to trench sampling section 2

1. General lithology (USDA): ~ fine sand
2. Median grain size: 183 um
3. Total organic matter: 0.40%
4. Total carbonate (CaCO3):  0.23%
5. Total porosity: 34.6%

Hydraulic conductivity (K): 2.7 m d (Kn) with permeameter

6.
%Remark(s):

fine root remnants /

4

ﬂabcratory sample 82 (51-56 cm - Appendix 1)
Attributed to trench sampling section 2

1. Generallithology (USDA): fine sand
2. Median grain size: 196 um
3. Total organic matter: 032%
4. Total carbonate (CaCO3):  0.23%
5. Total porosity: 373%

Hydraulic conductivity (K): 4.6 m d* (Ky) with permeameter

\L Remark(s): fine root remnants

N

/
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Field sample DL20

VU AMSTERDAM
DL-20 VERTICAL

X 169,416 UDEN (NL)
Y 407,753 1145 +NAP

0-
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ﬂaboratory sample 83 (14-19 cm - Appendix 1) \

Attributed to trench sampling section 2

General lithology (USDA): ~fine sand
Median grain size: 201pm

Total organic matter: 043%

Total carbonate (CaCOs):  0.24%

Total porosity: 38.8%

Hydraulic conductivity (K): 3.6 m d (K,) with permeameter
Remark(s): multiple accumulation bands

[,*‘F‘)"PE“N!—‘

\

Attributed to trench sampling section 2

1. General lithology (USDA): ~ fine sand

2. Median grain size: 204 um

3. Total organic matter: 0.24%

4. Total carbonate (CaC0s):  0.19%

5. Total porosity: 37.7%

6. Hydra ivity (K): 5.3 m dt (Ky)

(Rema.k(s):

organic matter and root

Laboratory sample 84 (23-28 cm - Appendix 1) \

fine root remnants /

Attributed to trench sampling section 2

General lithology (USDA): ~ fine sand
Median grain size: 195 um

Total organic matter: 0.26%

Total carbonate (CaCOs): 0.17%

Total porosity: 35.8%

Hydraulic ity (K): 4.0 m d* (Ky) with
Remark(s):

ﬂ‘sﬁw?wwz—-

/Laboratorysample85(32—37cm-Appendixl) \

fine root remnants and grave\/

Attributed to trench sampling section 2

1. General lithology (USDA): ~fine sand
2. Median grain size: 180 ym
3. Total organic matter: 027%
4. Total carbonate (CaCOs):  0.19%
5. Total porosity: 32.4%
6. Hydraulic conductivity (K): 2.5 m d* (K.) with permeameter

~

K Remark(s):

ﬂaboratory sample 86 (4247 cm - Appendix 1) \

fine root remnants and graveI/

Attributed to trench sampling section 2

General lithology (USDA): ~ fine sand
Median grain size: 194 um

Total organic matter: 0.29%

Total carbonate (CaC0s):  0.17%

Total porosity: 32.5%

Hydraulic conductivity (K): 3.3 m d (Ky) with permeameter
Remark(s):

ﬁ,m?'?!”r'r-'

ﬂaboramry sample 87 (51-56 cm - Appendix 1) \

fine root remnants and graveI/

Field sample DL21

vU AMSTERDAM
DL-21 vERTICAL

X 169,417 UDEN (NL)
'Y 407753 10.74 ~NAP

0-

41

maboratory sample 88 (4—9 cm - Appendix 1)
Attributed to trench sampling section 2
1. General lithology (USDA): fine sand

2. Median grain size: 147 um
3. Total organic matter: 0.47%
4. Total carbonate (CaC0s):  0.21%
5. Total porosity: 37.0%

6. Hydraulic conductivity (K): 1.4 m d* () with permeameter

\7\, Remark(s):

\

/Laboratory sample 89 (12-17 cm - Appendix 1)
Attributed to trench sampling section 2

1. General lithology (USDA): ~fine sand
2. Median grain size: 146 pm
3. Total organic matter: 0.46%
4. Total carbonate (CaCOs): 0.20%
5. Total porosity: 35.1%

Hydraulic conductivity (K): 1.4 m d% (K) with permeameter

6.
‘(Rzmark(sl: 2

S

Attributed to trench sampling section 2

1. General lithology (USDA): ~ fine sand

2. Median grain size: 178 um

3. Total organic matter: 0.48%

4. Total carbonate (CaCOs):  0.20%

5. Total porosity: 35.2%

6. Hydraulic conductivity (K): 0.2 m d (K.) with permeameter
7. Remark(s): thin silty band and iron

ﬂaboralory sample 90 (2025 cm - Appendix 1) \

K discolorations /

ﬁaboratory sample 91 (3035 cm - Appendix 1)
Attributed to trench sampling section 2.

1. Generallithology (USDA): ~ fine sand

2. Median grain size: 164 um

. Total organic matter: 0.40%

. Total carbonate (CaCO3):  0.18%

. Total porosity: 35.8%

6. Hydraulic conductivity (K): 2.2 m d (Ky) with permeameter
7. -

\Z._ Remarkist:

3.
4.
5.

4

/Laboratory sample 92 (43—48 cm - Appendix 1)
Attributed to trench sampling section 2.

1. General lithology (USDA): ~ medium sand
2. Median grain size: 307 um
3. Total organic matter: 0.22%
4. Total carbonate (CaC03):  0.10%
5. Total porosity: 31.8%

6.
\7; Remark(s):

Hydraulic conductivity (K): 10.6 m d* (Kp) with permeameter
coarser sediments with gravey

\

mabcratory sample 93 (52-57 cm - Appendix 1)
Attributed to trench sampling section 2

\7\ Remark(s): coarser sediments with grzvey

1. Generallithology (USDA):  medium sand
2. Median grain size: 311pm
3. Total organic matter: 021%
4. Total carbonate (Cac0s):  0.08%
5. Total porosity: 31.1%
6. Hydraulic conductivity (K): 11.9 m d* (K.) with permeameter

S



https://doi.org/10.70712/NJG.v105.12686

42

Field sample DL22

VU AMSTERDAM
DL-22 vEeRTICAL

X 169,417 UDEN (AL
'Y 407752 1015 +NAP

-0-
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3
2.
3
4.
5.
6.

\-

ﬁaboramry sample 94 (4-9 cm - Appendix 1) \

Attributed to trench sampling section 2

General lithology (USDA):
Median grain size:

Total organic matter:

Total carbonate (CaCOs):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

medium sand

299 um

0.26%

0.11%

32.2%

10.0 m d* (Kn) with permeameter

NowrwN e

/Laboramry sample 95 (13-18 cm - Appendix 1)
Attributed to trench sampling section 2

General lithology (USDA):
Median grain size:

. Total organic matter:
. Total carbonate (CaCO3):
. Total porosity:

Hydraulic conductivity (K):
Remark(s):

gravel

medium sand
299 um

033%

0.12%

33.0%

3.8 m d (K,) with permeameter
thin silty band, traces of iron
discolorations and gravel

oA W e

(

/Labnratory sample 96 (25-30 cm - Appendix 1) \
Attributed to trench sampling section 2

General lithology (USDA):
Median grain size:
Total organic matter:

. Total carbonate (CaCOs):
. Total porosity:

Hydraulic conductivity (K):
Remark(s):

medium sand

348 pm

0.25%

0.12%

32.9%

12.3 m d* (K,) with permeameter
gravel

Gl e N

9

/Laboratorv sample 97 (34-39 cm - Appendix 1) \
Attributed to trench sampling section 2

General lithology (USDA):
Median grain size:

Total organic matter:

Total carbonate (CaC0s):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

medium sand

374 pm

0.25%

0.17%

30.1%

10.4 m d* (Kn) with permeameter
gravel

LRSI

G

ﬂabnratory sample 98 (44-49 cm - Appendix 1) \
Attributed to trench sampling section 2

General lithology (USDA):
Median grain size:

Total organic matter:

Total carbonate (CaC0s):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

medium sand

350 pm

0.20%

0.14%

31.9%

12.3 m d* (Ki) with permeameter

NouswN e

ﬁaboramry sample 99 (5257 cm - Appendix 1)
Attributed to trench sampling section 2

. General lithology (USDA):

Median grain size:

. Total organic matter:
. Total carbonate (CaCO3):
. Total porosity:

Hydraulic conductivity (K):
Remark(s):

gravel

medium sand

352 um

052%

0.21%

30.2%

4.5 m d* (K,) with permeameter

gravel

diffuse organic matter and /

Field sample DL23

VU AMSTERDAM
DL-23 VERTICAL

X 169,409 UDEN (NL)
Y 407749 11.80 +NAP

-0-

Rimbaud E. Lapperre et al.

ﬂaboratory sample 100 (12-17 cm - Appendix 1) \

Excluded from analyses

1. General lithology (USDA):  fine sand

2. Median grain size: 204 pm

3. Total organic matter: 113%

4. Total carbonate (CaCOs):  0.24%

5. Total porosity: 39.1%

6. Hydraulic conductivity (K): 1.8 m d* (Ky) vith permeameter
7. Remark(s): iron precipitation in reworked

top layer (man-made chsnny
/Laboratory sample 101 (24-29 cm - Appendix 1) \

Excluded from analyses

1. General lithology (USDA):  fine sand
2. Median grain size: 201 pm
3. Total organic matter: 1.97%
4. Total carbonate (CaC03):  0.26%
5. Total porosity: 43.1%
6. Hydraulic conductivity (K): 0.3 m d (K.) with permeameter
7. Remark(s): reworked layer (man-made

channel)

ﬂaboratory sample 102 (53-55 cm - Appendix 1) \

Excluded from analyses

General lithology (USDA):  organic layer

Median grain size: 34 pm
Total organic matter: 43.19%
Total carbonate (CaC0s):  10.70%
Total porosity: 79.5%

Hydraulic conductivity (K):
Remark(s):

0.1 m d* (Kv) with mod. oedometer
layer with organic matter, clay

and silt (man-made channel)

[ﬂ.ms".hsn:vzﬂ
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Field sample DL24
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ﬁboratury sample 103 (3-8 cm - Appendix 1) \

Excluded from analyses

1. General lithology (USDA): ~fine sand

2. Median grain size: 228 pm

3. Total organic matter: 0.72%

4. Total carbonate (CaC0):  0.37%

5. Total porosity: 39.5%

6. Hydrauli ivity (K): 2.5 m d (K,)

7. Remark(s): diffuse iron precipitation
\\ (man-made channel)

Aaboratury sample 104 (28-33 cm - Appendix 1) \

Excluded from analyses

. Hydraulic conductivity (K): 0.01 m d* (Ky) with permeameter
. Remark(s):

1. General lithology (USDA): fine sand
2. Median grain size: 205 um
3. Total organic matter: 111%
4. Total carbonate (CaCOs):  0.50%
5. Total porosity: 36.7%
6.

7.

reworked layer with organic

matter (man-made channel)

ﬁaboratory sample 105 (39-44 cm - Appendix 1) \

Excluded from analyses

. Hydraulic conductivity (K): 1.2 m d* (Ky) with permeameter
reworked bottom with iron

1. General lithology (USDA):  fine sand
2. Median grain size: 210 pm
3. Total organic matter: 0.29%

4. Total carbonate (CaCO3):  0.18%

5. Total porosity: 36.2%

6.

7:

Remark(s):

precipitation (man-made
\\ channel) /

/Laboratury sample 106 (50-55 cm - Appendix 1) \
Attributed to trench sampling section 5

1. General lithology (USDA): ~fine sand
2. Median grain size: 203 pm
3. Total organic matter: 0.38%
4. Total carbonate (CaCOy):  0.18%
5. Total porosity: 39.4%
6. Hydrauli (K): 0.7 m d (Ku) with p
Remark(s): diffuse iron precipitation below

reworked bottom

Field sample DL25

vuUu AMSTERDAM
DL-25 VERTICAL

X 169,409 UDEN (NL)
Y 407,748

53 +NAP
0-

43

ﬂahoramry sample 107 (6-11 cm - Appendix 1) \

Attributed to trench sampling section 5

General lithology (USDA): ~ fine sand
Median grain size: 186 ym
Total organic matter: 034%
Total carbonate (CaC0s):  0.19%
Total porosity: 38.2%

Hydraulic conductivity (K): 1.1 m d* (Ky) with permeameter
Remark(s): diffuse iron precipitation /

/Laboramry sample 108 (17-22 cm - Appendix 1) \

Attributed to trench sampling section 5

[.\A.msn.b:»r'z-

General lithology (USDA): ~ fine sand

Median grain size: 213 pm
Total organic matter: 033%
Total carbonate (CaC0s):  0.15%
Total porosity: 38.5%

Hydraulic conductivity (K): 0.3 m d (K,) with permeameter
Remark(s): diffuse iron precipitation

[ﬂsﬂ!ﬂ.b!":ﬂzﬂ

ﬂabmatory sample 109 (34-39 cm - Appendix 1) \
Attributed to trench sampling section 5

1. General lithology (USDA): fine sand
2. Median grain size: 227um
3. Total organic matter: 0.19%
4. Total carbonate (CaCOs): ~ 0.16%
5. Total porosity: 39.4%
6. Hydrauli ivity (K): 5.8 m d (K,) with

little iron precipitation

\L Remark(s): /
/Laboratory sample 110 (48-53 cm - Appendix 1) \

Attributed to trench sampling section 5

1. General lithology (USDA): ~fine sand
2. Median grain size: 169 ym

3. Total organic matter: 0.21%

4. Total carbonate (CaCOs): 0.18%

5. Total porosity: 37.1%

6. Hydraulic conductivity (K): 3.2 m d* (Ky) with permeameter
7. Remark(s): -

/
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Field sample DL26

Field sample DL27

/Laboramry sample 111 (10-15 cm - Appendix 1) \

ﬂaboratorv sample 116 (7-12 cm - Appendix 1) \

- 4
- B Attributed to trench sampling section 5 V U AMSTE RDAM Attributed to trench sampling section 5
1. General lithology (USDA): fine sand 1. General lithology (USDA): ~fine sand
= s 2 weona DL-27 VERTICAL [t
3. Total organic matter: 0.32% 3. Total organic matter: 0.27%
59410 4. Total carbonate (CaCOs):  0.23% x 169 406 UDEN (NL) 4. Total carbonate (CaC0s):  0.17%
5. Total porosity: 36.2% 2 5. Total porosity: 36.6%
40 48 g 6. Hydraulic conductivity (K): 0.9 m d-* (K,) with permeameter Y 407741 " 12 +NAP 6. Hydraulic conductivity (K): 4.5 m d*! (Ky) with permeameter
® 7. Remark(s): thin silty band and gravel 0 = R 2 Remark(s): traces of iron discolorations

https://doi.org/10.70712/NJG.v105.12686

ﬂaboramry sample 112 (20-25 cm - Appendix 1) \

Attributed to trench sampling section 5

1. Generallithology (USDA):  medium sand

2. Median grain size: 265 um

3. Total organic matter: 0.22%

4. Total carbonate (CaC0s):  0.24%

5. Total porosity: 34.8%

6. Hydraulic conductivity (K): 32.1 m d (Ky) with permeameter
7. Remark(s): traces of iron discolorations

ﬂabora(ory sample 113 (30-35 cm - Appendix 1) \

Attributed to trench sampling section 5

1. General lithology (USDA): ~ fine sand
2. Median grain size: 184 um
3. Total organic matter: 0.24%
4. Total carbonate (CaC0s):  0.24%
5. Total porosity: 36.6%

Hydraulic conductivity (K): 2.7 m d (Ky) with permeameter

6.
\7; Remark(s): gravel

Kabnratory sample 114 (45-50 cm - Appendix 1) \

Attributed to trench sampling section 5

1. General lithology (USDA):  fine sand

2. Median grain size: 152 ym

3. Total organic matter: 0.25%

4. Total carbonate (CaC0z):  0.25%

5. Total porosity: 363%

6. Hydraulic conductivity (K): 3.1 m d* (Ks) with permeameter
\Z; Remark(s): thin silty band

/La boratory sample 115 (53-58 cm - Appendix 1) \
Attributed to trench sampling section 5

. General lithology (USDA): ~ fine sand

. Median grain size: 197 um

. Total organic matter: 0.24%

. Total carbonate (CaCOs): 0.23%

Total porosity: 35.2%

Hydraulic conductivity (K): 3.2 m d-* (K) with permeameter

\‘Remark(s}: gravel

and gravel

(fﬂ

ﬁaboratory sample 117 (18-23 cm - Appendix 1) \

Attributed to trench sampling section 5

1. General lithology (USDA): fine sand
2. Median grain size: 242 ym
3. Total organic matter: 0.26%
4. Total carbonate (CaC0s): ~ 0.15%
5. Total porosity: 37.2%
6

Hydraulic conductivity (K): 6.6 m d (K with permeameter

\Lkemark(s]:

/Laboratory sample 118 (29-34 cm - Appendix 1) \

Attributed to trench sampling section 5

1. General lithology (USDA): ~ fine sand
2. Median grain size: 218 ym
3. Total organic matter: 034%
4. Total carbonate (CaCO3):  0.19%
5. Total porosity: 35.6%
6. Hydraulic conductivity (K): 1.9 m d* (K.) with permeameter

Remark(s): multiple thin silty bands and
gravel

(/.w

/Labora(cry sample 119 (39-44 cm - Appendix 1) \

Attributed to trench sampling section 5

1. General lithology (USDA): ~ fine sand
2. Median grain size: 241um
3. Total organic matter: 033%
4. Total carbonate (CaCOs):  0.18%
5. Total porosity: 35.6%

Hydraulic conductivity (K): 1.6 m & (K.) with permeameter

6
\Lkemark[s}: multiple thin silty bands /

/Labcratory sample 120 (52-57 cm - Appendix 1) \
Attributed to trench sampling section 5

1. General lithology (USDA): ~fine sand
2. Median grain size: 219 um
3. Total organic matter: 0.25%
4. Total carbonate (CaC0s):  0.15%
5. Total porosity: 36.3%
6. Hydraulic ivity (K): 5.2 m d* (Ky) wi

(Remavk(s}: diffuse iron precipitation /
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Field sample DL28

VU AMSTERDAM
DL-28 VERTICAL

X 169,407 UDEN (NL)
'Y 407743 1048 +NAP

0-

https://doi.org/10.70712/NJG.v105.12686

/Laboratory sample 121 (4-9 cm - Appendix 1) \

. General lithology (USDA):
Median grain size:

. Total organic matter:
Total carbonate (CaCOs):

. Total porosity:

Hydraulic conductivity (K):
Remark(s):

-

Nouswm e

Attributed to trench sampling section 5

fine sand
189 um

0.30%

0.18%

37.4%

2.9 m d* (Ky) with permeameter

diffuse iron precipitation and
gravel

1. Generallithology (USDA):
2. Median grain size:

3. Total organic matter:

4. Total carbonate (CaCO3):
5. Total porosity:

6. Hydraulic conductivity (K):

\: Remark(s):

/Laboramry sample 122 (19-24 cm - Appendix 1) \
Attributed to trench sampling section 5

fine sand
213um

0.25%

0.21%

34.4%

1.8 m d* (Ky) with permeameter
gravel

1. General lithology (USDA):
2. Median grain size:

3. Total organic matter:

4. Total carbonate (CaC0s):
5. Total porosity:

6. Hydraulic conductivity (K):

\Q Remark(s):

[Lahoratory sample 123 (28-33 cm - Appendix 1) \

Attributed to trench sampling section 5

fine sand

212 pym

0.24%

0.22%

33.3%

2.9 m d* (Ky) with permeameter
gravel in sample

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaC0s):
Total porosity:

Hydraulic conductivity (K):

3
\7'\ Remark(s):

e O

/Laboratory sample 124 (4045 cm - Appendix 1) \

Attributed to trench sampling section 5

fine sand
207 pm

0.24%

0.18%

34.4%

0.7 m d (K,) with permeameter
thin silty band

1. General ithology (USDA):
2. Median grain size:

3. Total organic matter:
4. Total carbonate (CaCOs):
5. Total porosity:

6.

Hydraulic conductivity (K):

(Remark(s):

ﬁaboramry sample 125 (50-55 cm - Appendix 1) \

Attributed to trench sampling section 5

fine sand
195 um
0.19%
0.13%
37.8%

3.9 m d* (Kw) with permeameter

Field sample DL29

VU AMSTERDAM
DL-29 VERTICAL

X 169,407 UDEN (NL)
'Y 407744 977 +NAP

0-

45

Aaboratcry sample 126 (3-8 cm - Appendix 1) \

General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCOs):

. Total porosity:

Hydraulic conductivity (K):
Remark(s):

NowrwNe

Attributed to trench sampling section 5

fine sand
208 um

0.18%

0.14%

35.0%

1.8 m d* (Ky) with permeameter
traces of iron discolorations
and gravel

General lithology (USDA):
Median grain size:

Total organic matter:

Total carbonate (CaCOs):
Total porosity:

Hydraulic conductivity (K):

6.
\7\.Remarkls):

R BN

/Laboratory sample 127 (12-17 cm - Appendix 1) \
Attributed to trench sampling section 5

fine sand
181 pm

0.20%

0.13%

37.4%

2.0 m d* (Ky) with permeameter

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaCO3):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

ﬂ@w?wwe

/Laboralorv sample 128 (25-30 cm - Appendix 1) \

Attributed to trench sampling section 5

fine sand

187 um

0.26%

0.17%

34.7%

3.3 m d% (Ky) with permeameter
gravel

1. General lithology (USDAY:

2. Median grain size:

3. Total organic matter:

4. Total carbonate (CaCO3):

5. Total porosity:

6. Hydraulic conductivity (K):

QREmark{s):

/Laboratory sample 129 (34-39 cm - Appendix 1) \
Attributed to trench sampling section 5

fine sand
201 pm

0.19%

0.12%

35.1%

5.1 m d* (K,) with permeameter
gravel

General lithology (USDA):
Median grain size:

Total organic matter;
Total carbonate (CaCOs):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

omswN e

[~

/Laboratory sample 130 (44-49 cm - Appendix 1) \
Attributed to trench sampling section 5

fine sand
204 pm
0.21%
0.10%
36.0%
5.8 m d? (Ky) with permeameter

/
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Field sample DL30

VU AMSTERDAM
DL-30 VERTICAL

X 169,408 UDEN (NL)
Y 407744 940 +NAP

0-

Field sample DL31

vuU AMSTERDAM
DL-31 HORIZONTAL

‘X 169,410 UDEN (NL) |
Y 407745 9.34 +NAP

https://doi.org/10.70712/NJG.v105.12686

ﬂbma(orv sample 131 (4-9 cm - Appendix 1)
Attributed to trench sampling section 5

1. General lithology (USDA):  fine sand
2. Median grain size: 157 um
3. Total organic matter: 0.29%
4. Total carbonate (CaCOs):  0.16%
5. Total porosity: 36.5%

6. Hydraulic conductivity (K):

\L Remark(s):
ﬂaboratory sample 132 (27-32 cm - Appendix 1) \

Attributed to trench sampling section 5

1.9 m d* (K,) with permeameter
multiple silty bands

1. General lithology (USDA): fine sand

2. Median grain size: 225um

3. Total organic matter: 0.19%

4. Total carbonate (CaC0s):  0.14%

5. Total porosity: 34.9%

6. Hydraulic conductivity (K): 5.0 m d (Ki) with permeameter
7. Remark(s): traces of iron discolorations

and gravel

ﬂaborator\/ sample 133 (3-8 cm - Appendix 1)
Attributed to trench sampling section 5

1. General lithology (USDA): ~ fine sand

2. Median grain size: 186 um

3. Total organic matter: 0.23%

4. Total carbonate (CaC0z): ~ 0.15%

5. Total porosity: 35.9%

6. Hydraulic conductivity (K): 5.6 m d (Ky) with permeameter
gravel

(Remark(s}:

ﬂabom(ory sample 134 (12-17 cm - Appendix 1)
Attributed to trench sampling section 5

/
\

1. General lithology (USDA): fine sand
2. Median grain size: 179 um
3. Total organic matter: 0.24%
4. Total carbonate (CaC0): ~ 0.13%
5. Total porosity: 35.3%

6. Hydraulic conductivity (K):

\7\. Remark(s): /

ﬂaburamry sample 135 (21~26 cm - Appendix 1) \

Attributed to trench sampling section 5

5.2.m d (Ky) with permeameter
gravel in sample

1. General lithology (USDA): ~fine sand

2. Median grain size: 163 um

3. Total organic matter: 0.26%

4. Total carbonate (CaCO3): 0.20%

5. Total porosity: 36.5%

6. Hydraulic conductivity (K): 3.7 m d (Ks) with permeameter

Remark(s): gravel in sample

/

Field sample DL32

VU AMSTERDAM
DL-32HORIZONTAL

‘X 169,413 UDEN (NL)

0 Y 407747 960 +NAP

|
|
|

Rimbaud E. Lapperre et al.

1. General lithology (USDA):
2. Median grain size:

3. Total organic matter:

4. Total carbonate (CaCO;):
5. Total porosity:

6. Hydraulic conductivity (K):

\7; Remark(s):

/Laboratory sample 136 (3-8 cm - Appendix 1)
Attributed to trench sampling section 5

\

fine sand
152 um

0.26%

0.19%

37.6%

3.7 m d* (Kn) with permeameter
siltand gravel

. General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCOs):

. Total porosity:

. Hydraulic conductivity (K):

\7.\ Remark(s):

avswN e

/Laboratory sample 137 (13-18 cm - Appendix 1)
Attributed to trench sampling section 5

~

fine sand
146 um

0.35%

0.22%

37.9%

1.8 m d* (Ky) with permeameter
silt and gravel

. General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCOs):

. Total porosity:

Hydraulic conductivity (K):
Remarks):

1.
2
3
4,
i

/Laboratory sample 138 (22-27 cm - Appendix 1)
Attributed to trench sampling section 5

~

fine sand
156 pm

0.31%

0.22%

37.1%

0.5 m d* (Ky) with permeameter
silt and gravel

4
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Field sample DL33A

0=

VU AMSTERDAM
DL-33AHORIZONTAL

/X 169,410 UDEN (NL) |
Y 407746 9.25 +NAP

https://doi.org/10.70712/NJG.v105.12686

/Laboralory sample 139 (4-9 cm - Appendix 1)
Attributed to trench sampling section 5

General lithology (USDA):
. Median grain size:

. Total organic matter:

. Total carbonate (CaCO;):

. Total porosity:

. Hydraulic conductivity (K):

U\- Remark(s):

-SRI SN

fine sand
173 um

0.24%

0.20%

36.4%

4.2 m d (K,) with permeameter
gravel

\

1. General lithology (USDA):
2. Median grain size:

3. Total organic matter:

4. Total carbonate (CaCOs):
5. Total porosity:

6. Hydraulic conductivity (K):

V\. Remark(s):

fine sand
181 um

0.22%

0.16%

36.5%

4.1 m d* (Ku) with permeameter
gravel

ﬂaboratorv sample 140 (15-20 cm - Appendix 1) \

Attributed to trench sampling section 5

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaCO3):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

/.“S"!".“é“!"!—‘

fine sand
191 pm
0.27%
0.17%
36.4%

2.7 m d* (Kn) with permeameter

traces of iron discolorations
and gravel

Aaboratory sample 141 (25-30 cm - Appendix 1) \

Attributed to trench sampling section 5

Field sa

0-

mple DL33B

vuUu AMSTERDAM
DL-33B VERTICAL

X 169,414 UDEN (NL)
'Y 407753 11,98 +NAP

47

Laboratory sample 142 (2-7 cm - Appendix 1) \

Excluded from analyses

N

1. General lithology (USDA): fine sand
2. Median grain size: 199 um

3. Total organic matter: 2.86%

4. Total carbonate (CaC0s):  0.38%

5. Total porosity: 48.1%

6. Hydraulic conductivity (K): 1.6 m d% (K,) with permeameter
7. Remark(s): root remains and organic

matter in reworked top layer

(man-made channel) j

Excluded from analyses

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaCO3):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

bl R o

ﬂbora(ory sample 143 (1318 cm - Appendix 1) \

fine sand

196 um

453%

053%

55.9%

0.2m d* (K,) with permeameter
root remains and organic

matter in reworked top layer
(man-made channel) /

Excluded from analyses

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaCO3):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

o gk

ﬂboratory sample 144 (29-34 cm - Appendix 1) \

fine sand
218um

1.68%

0.29%

43.9%

2.4 m d* (K) with permeameter

root remains and organic

(man-made channel)

Excluded from analyses

General lithology (USDA):
Median grain size:

Total organic matter:
Total carbonate (CaCO3):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

Fad o o o

-

ﬂboramry sample 145 (45-50 cm - Appendix 1)

matter in reworked layer

fine sand
179 um

037%

027%

39.8%

3.8 m d* (Kn) with permeameter

root remains and organic

matter in reworked layer
(man-made channel)
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Field sample DL34

vU AMSTERDAM
DL-34 VERTICAL

X 169.415 UDEN (NL
Y 407752 1143 +NAP

-0

https://doi.org/10.70712/NJG.v105.12686

ﬂabcratory sample 146 (3-8 cm - Appendix 1) \

Attributed to trench sampling section 4

General lithology (USDA):
Median grain size:
Total organic matter: 0.23%

. Total carbonate (CaCO3):  0.16%

. Total porosity: 35.6%
Hydraulic conductivity (K): 5.6 m d* (Ky) with permeameter

1
!
3.
4
5
6.
( Remark(s): - /

ﬂaboramry sample 147 (11-16 cm - Appendix 1) \

Attributed to trench sampling section 4

fine sand
215 um

General lithology (USDA): ~fine sand
Median grain size: 185 pm
Total organic matter: 0.27%
Total carbonate (CaC0): ~ 0.17%
Total porosity: 38.4%

Hydraulic conductivity (K): 3.8 m d (K,) with permeameter
Remark(s): - /

Kaboratory sample 148 (20-25 cm - Appendix 1) \
Attributed to trench sampling section 4

(':Aw,v-é.ww—

. General lithology (USDA):
Median grain size:

. Total organic matter: 0.33%

. Total carbonate (CaC03):  0.20%

. Total porosity: 37.0%
Hydrauli ivity (K): 2.6 m d (K)

1
2
3
4.
5
6.
&7\' Remark(s): /
/Labcratary sample 149 (28-33 cm - Appendix 1) \

Attributed to trench sampling section 4

fine sand
196 um

1. General lithology (USDA): fine sand
2. Median grain size: 209 pm

3. Total organic matter: 0.26%

4. Total carbonate (CaCOs): 0.17%

5. Total porosity: 34.7%

6. Hydraulic conductivity (K): 2.8 m d (Ky) vith permeameter
(Remark(sj: - /

/Laboramry sample 150 (44-54 cm - Appendix 1) \

Attributed to trench sampling section 3

1. General lithology (USDA):  fine sand
2. Median grain size: 205 pum

3. Total organic matter: 0.67%

4. Total carbonate (CaC0s):  0.19%

5. Total porosity: measurement failed

6. Hydrauli vity (K): failed with triaxil
7. Remark(s): thin silt layers (1-2 cm) and

compact (cemented) iron ?ay

Field sample DL35

VU AMSTERDAM
DL-35 VERTICAL

X 169,415 UDEN (NL)
'Y 407.752 1083 +NAP

-0-

Rimbaud E. Lapperre et al.

/Laboramry sample 151 (4-9 cm - Appendix 1) \

General lithology (USDA):
Median grain size:

Total organic matter:

. Total carbonate (CaC0s):

. Total porosity:

Hydraulic conductivity (K):

\iRemark(s)'

Ve e

@

Attributed to trench sampling section 4

fine sand
183 pum

0.22%

0.15%

37.5%

2.0 m d (Ky) with permeameter

. General lithology (USDA):
Median grain size:

. Total organic matter:
Total carbonate (CaCOs):

. Total porosity:

Hydraulic conductivity (K):
Remark(s):

NowmswN e

ﬂabom(ory sample 152 (14-19 cm - Appendix 1) \

Attributed to trench sampling section 3

fine sand

201pm

031%

0.16%

37.9%

2.3m d% (Ky) with permeameter
compact iron precipitation
layer in sample

General lithology (USDA):
Median grain size:

Total organic matter:

Total carbonate (CaCO3):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

('/.\‘.‘"\!"P!“.N!-‘

ﬂaboratory sample 153 (24-29 cm - Appendix 1) \
Attributed to trench sampling section 3

fine sand
194 pm

0.37%

0.14%

39.4%

0.2m d% (Ky) with permeameter
compact iron precipitation

layer in sample /

General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCOs):

. Total porosity:

Hydraulic conductivity (K):

l( Remark(s):

vewN e

o

Kaboratcry sample 154 (34-39 cm - Appendix 1) \

Attributed to trench sampling section 4

fine sand

214 um

0.16%

0.17%

37.7%

43 m d* (Kn) with permeameter
gravel in sample

General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCO3):

. Total porosity:

Hydraulic conductivity (K):

\7\: Remark(s):

vewN e

I

/Laboratnry sample 155 (42-47 cm - Appendix 1) \

Attributed to trench sampling section 4

fine sand
198 pm

0.19%

017%

37.4%

3.7 m d* (K.) with permeameter
gravel in sample

General lithology (USDA):
Median grain size:

. Total organic matter:

. Total carbonate (CaCO3):
. Total porosity:

il
2.
3
4.
5.

Hydraulic conductivity (K):
Remark(s):

ﬂaboratcry sample 156 (52-57 cm - Appendix 1) \

Attributed to trench sampling section 4

fine sand

165 pm

0.23%

0.22%

37.2%

2.2 m d* (K,) with permeameter
gravel in sample
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Field sample DL36

vU AMSTERDAM
DL-36 VERTICAL

X 169,415 UDEN (NL)
'Y 407752 1023 +NAP

0-
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/Laboratory sample 157 (3-8 cm - Appendix 1) \

Attributed to trench sampling section 4

. General lithology (USDA):
. Median grain size:

. Total organic matter:
Total carbonate (CaC0s):

. Total porosity:

Hydraulic conductivity (K):
Remark(s):

cuvswN R

<

fine sand

165 um

0.25%

0.21%

37.0%

2.8m dt (Ky) with permeameter

gravel in sample /

1. General lithology (USDA):

2. Median grain size:

3. Total organic matter:

4. Total carbonate (CaC0s):

5. Total porosity:

6. Hydraulic conductivity (K):
(Remark(s]:

/Laboratory sample 158 (10-15 cm - Appendix 1) \
Attributed to trench sampling section 4

fine sand

167 pm

0.25%

0.21%

36.9%

1.8 m d (K.) with permeameter
gravel and thin compact layer
in samole

. General lithology (USDA):
. Median grain size:

. Total organic matter:

. Total carbonate (CaCOs):

. Total porosity:

. Hydraulic conductivity (K):

1
2
-
4.
&
6.
( Remark(s):

fLaboratory sample 159 (20-25 cm - Appendix 1) \

Attributed to trench sampling section 4

fine sand
199 pm

0.25%

0.22%

34.0%

4.5 m d* (Ky) with permeameter

gravel in sample /

. General lithology (USDA):
Median grain size:

. Total organic matter:
Total carbonate (CaC0s):
Total porosity:

Hydraulic conductivity (K):
Remark(s):

avAwn e

=

/Labcratory TR )|

Attributed to trench sampling section 4

fine sand
146 pm

0.35%

0.24%

37.1%

2.7 m d* (Kn) with permeameter

gravel in sample /

. General lithology (USDA):
. Median grain size:

. Total organic matter:

. Total carbonate (CaCOs):

. Total porosity:

. Hydraulic conductivity (K):
Remark(s):

ans WP e

ﬂabcramry sample 161 (5156 cm - Appendix 1) \

Attributed to trench sampling section 4

fine sand
149 pm
034%
0.22%
36.0%
2.6 m d* (K,) with permeameter

4
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