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Figure AS.1. Location of the test field.
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AS.1 Location, ownership and earlier cultivation and use

The test field at Faardrup is located on Zealand, 8.5 km south of the city of Slagelse
(Figure AS5.1) and approx. 3 km from the Danish Institute of Agricultural Sciences
(DIAS) research centre at Flakkebjerg. It is privately owned and leased by DIAS. The
site characteristics are summarized in Table AS.1.

Table A5.1. Site characteristics.

Length and width of the test field 164 mx 152 m

Total area of the site, incl. buffer zone 3.3 ha

Area of the test field 2.33 ha

Municipality Hashgj

County Vestsjaelland

Land registry no. 6a, Fardrup By, Fardrup
Ownership Private, leased by DIAS

Earlier use

The area is leased from a private farmer and has previously been farmed as a normal
field. As is apparent from Figure A5.2, the field has been farmland at least since 1940.
A 1944 map of the drainage system indicates the presence of a dirt road in what is now
the southern buffer zone (Figure A5.4). This road is no longer visible on the surface, and
no traces have been encountered during the field work. However, the field work re-
vealed a tapwater pipe that intersects the southeastern corner of the field. Cultivation
and pesticide application history at Faardrup from 1995 to 1999 is summarized in Ap-
pendix AS5.1.

AS.2 Technical installations

All installations are numbered according to the code described in Section 3. In the pres-
ent description, however, the site-specific code for Faardrup, i.e. “5”, has been omitted
for the sake of simplicity. The locations of all installations are shown in Figure A5.4.

Buffer zone

The width of the buffer zone is >11 m along the northern border, 12 m along the western
border where the road adds a further 4 m to the buffer zone, 17 m along the eastern bor-

der and >11 m along the southern border.
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Figure AS5.2. Topographic map 1:20.000 from 1940. The test field is marked as a red
square.

Suction cups, TDR and Pt-100 sensors

The suction cups at Faardrup were installed as described in Section 3.3 except for the

following deviations:

e The distance from the corner of the test field to the first suction cup was approx. 10
m rather than 20 m as stated in Section 3.3.

e The suction cups installed 1 m b.g.s. were placed at a horizontal distance of 1.0 m
from the edge of the field rather than 2 m as stated in Section 3.3.

e The suction cups installed 2 m b.g.s. were placed at a horizontal distance of 1.5 m
from the edge of the field rather than 2.5 m as stated in Section 3.3.
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Figure AS5.3. Potential head (m a.s.l.) at the site measured in November 1999 and the

P3

direction of the eround water flow.

e The installation holes were drilled manually with a hand auger.

e A %" garden hose was sliced open and used as cable duct.
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Figure A5.4. Sketch of the field showing the test and buffer zones and location of in-
stallations.
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Wells

Horizontal sampling wells

Two horizontal sampling wells were installed at Faardrup from June 1 to 10 1999 (Fig-
ure A5.4). Both wells were intended to consist of five 18 m screens separated by 1 m
long bentonite seals, total length 96 m including a 1 m bentonite seal at each end.

Well H2 intersects the southwestern corner of the field. The overall drilled length of the
well is 158 m, of which 110 m lie under the test field. The first filter is located 1 m from
the edge of the field and 8 m from the sampling site.

H1 was drilled under the northeastern corner of the field. It intersects the northern edge
of the test field 104 m from the northwestern corner and intersects the eastern edge 90 m
from the northeastern corner. The overall drilled length is 160 m, of which 120 m lie
under the test field.

Due to technical difficulties, however, H1 only consists of three 18 m long screens sepa-
rated by 1 m bentonite seals. During installation, two 18 m screens — H1.4 and H1.5 —
and two bentonite seals got stuck in the casing, and had to be removed. As a result, H1
only consists of the remaining three 18 m screen sections. The functioning screens are
the three northernmost screens designated H.1.1, H.1.2 and H.1.3. The first filter is lo-
cated approx. 10 m along the horizontal well from the border between the buffer zone
and the test field and 14 m from the sampling site.

According to the drilling company’s log, the screens and bentonite seals are located 3.35
to 3.70 m b.g.s. The target was 3.5 m b.g.s. The samples are taken from the northern end
of the H1.

Installation of piezometers and monitoring wells

All wells at Faardrup were drilled as cased wells with a 6" (152 mm) solid stem auger

except for some sandy intervals below the groundwater head, where a bailer was used.
To monitor the groundwater head, four wells each containing three piezometers were

placed in each corner of the test field (Figure A5.4). The depth of each piezometer is
given in Table A5.2.
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Table AS5.2. Location of the piezometers.

Piezometer DGU no. Upper Middle Lower
screen screen screen
mb.g.s. mb.g.s. mb.g.s.
Pl 215.920 2.5-3.0 6.5-7.0 10.5-12.0
P2 215.963 3.0-3.5 5.5-6.0 9.3-9.8
P3 215.964 2.5-3.0 6.2-6.7 12.7-13.2
P4 215. 965 3.0-3.5 5.5-6.0 11.6-11.9

Monitoring wells

The monitoring wells are grouped in seven clusters of four, numbered clockwise from
the northwestern corner of the field: M1.....M7. The exact location of each monitoring
well cluster is shown in Figure A5.4. All screens are @ 63 mm, 1 m screens.

The monitoring well screens of all seven clusters are located at the following depths:
Mx.1: 1.5-2.5 m b.g.s.
Mx.2: 2.5-3.5 m b.g.s.
Mx.3:3.54.5mb.g.s.
Mx.4:4.5-5.5mb.g.s.

Two different monitoring well cluster designs are in use at Faardrup. Well clusters M1,
M2, M6 and M7 are installed pair-wise in two separate @ 60 cm, 1 m tall concrete man-
hole rings with electroplated steel covers. Well clusters M3, M4 and M5 are installed as
four wells in one @ 60 cm, 1 m tall concrete manhole ring.

The monitoring wells were drilled from the surface to a depth of 1.5 m b.g.s. using a 6"
(152 mm) solid stem auger. Casing was used if necessary. In a few wells, a bailer was
used to clean the bottom of the borehole before installation of the screen. When drilling
from a depth of 1.5 m b.g.s. downwards, A-tubes were used to obtain intact samples for
a high-quality geological description. After the A-tube was retrieved, the interval was
drilled again with the 6" solid stem auger in order to open the borehole to the desired
diameter. Coring with A-tubes is a time-consuming drilling method, as every interval
cored with an A-tube has to be re-drilled using the auger.

Even relatively small stones and pebbles will stop the A-tube after perhaps only 5 cm of
penetration. After each failed attempt, the interval has to be drilled first with the auger
and thereafter with the A-tube. Because of the difficulty involved, the A-tubes were only
used at Faardrup.
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Drainage system

The existing drainage system.

The basis for the work was a map made by Hedeselskabet on April 1% 1944. The map
indicates the presence of a traditional systematic drainage system. The elevations on the
map are assumed to still apply.

The whole system drains to an inspection chamber at the northern boundary of the area,
from where the water flows in an 18 cm main drainpipe to the village of Faardrup. The
conditions further downstream were not investigated.

The drainage water from the test field and the adjacent fields is collected in a 15 cm
main drain, running along the western border of the area. The drainage system in the test
field is a “herringbone system” with a collector drain that runs down westwards from
the hills in the east, crosses the middle of the field and into the 15 cm main drain. All
the drainpipes are clayware — @ 5.5 cm i.d. laterals and © 6.5 cm and 10 cm i.d. collec-
tor drains. The slope decreases down through the system and is only 1.8%o in the 15 cm
main drain.

It was decided that the flow measurements should be made using Thompson weir placed
in chambers comprised of @ 125 cm rings. This construction design requires a level
difference of at least 20 cm through the structure, as well as a permanent free flow
downstream. As these conditions were not met, pumps were installed in connection with
the measuring chamber.

Measuring chamber and pumps

The water from the test field is collected by interception of the 6" pipe, from where it is
led to a @ 125 cm chamber with a 30° Thompson notch. From here the water flows to a
similar @ 125 cm chamber equipped with two 0.75 kW submerged pumps each with a
capacity of 4-5 1 sec” ha™'. The water is pumped to a third chamber (& 100 cm) with its
outlet connected to the old @ 15 cm main drain. An initial (a few metres) section of the
latter between the inlet and the outlet connections was removed to ensure that the water
is properly cut off and runs through the measuring structure.

The two pumps run alternately when discharge is low, and simultaneously when one
pump is insufficient. Two pumps were chosen rather than one in order to increase reli-
ability in the event of pump failure, ensure the possibility of maintenance without ces-
sation of operations, and in view of the limited capacity of the main pipe downstream of
the measuring chamber.
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The pipes used in connection with the measuring chamber/pump chamber are smooth
PVC pipes. Although PVC might contain chemical impurities, it was agreed to never-
theless use it since only a few metres of the pipes are included in the system upstream of
the measuring chamber, where sampling takes place.

Dimensions of drainage system

According to diagrams of water flow in pipes, the capacity of the main pipe downstream
of the measuring chamber is around 1 1 sec”’ ha™ estimated for the catchment as a whole
provided there is free flow and that the pipes are in good condition and free of sediment.
A capacity of 1 I sec” ha™' is commonly used for agricultural drainage systems in Den-
mark.

In extreme situations, in particular when surface runoff has accumulated in depressions
on the field, runoff can be several-fold greater than 1 1 sec” ha™!. The installed pumps
thus have a maximum capacity of approx. 3 1 sec”’ ha™.

Since the capacity of the pumps exceeds that of the drainpipe downstream of the meas-
uring chamber, there is a risk of ponding. If the water level rises above the soil surface,
it will flow over the top of the 100 cm inspection chamber and run along the surface in a
northerly direction away from the test field. The test field drainage system is only iso-
lated from the above-mentioned downstream main drainpipe by a soil column, however.
Thus if there is a difference in water head for longer periods, water will flow back to-
wards the test field through the soil layers.

The cut-off drainpipe.

To isolate the test field drainage system, cut-off drainpipes were installed.

The neighbouring drains, south of the test field, constitute a smaller, independent drain-
age system. Prior to the study, it exited in the top end of the 15 cm main drain in the
southwestern corner of the test field. This system was disconnected at this point, and the
water led downstream in a new pipe installed along the western boundary, parallel to the
old main. As the purpose is to convey the water around and away from the test field, a
watertight pipe was used consisting of a 113/145 mm corrugated PVC pipe. The slope is
only 1.0%o.

A second cut-off drain was installed to the north and the east of the test field. In this
case, the purpose was to prevent water from running into the test field from its upstream
side. We therefore used perforated, corrugated pipes with an envelope of gravel. Any
existing drains intersected were closed with a brick towards the test field, and their up-
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stream parts were connected to the new pipe via a T-junction. The slope of this second
cut-off pipe is 5%o or more.

Both cut-off drains exit to the 100 cm inspection chamber, which receives the pump

outlet from the new measuring chamber and pump chamber.

Comments

All of the construction work was carried out during April and May 1999.

AS.3 Geology

Regional geology

Over the past decade a research programme focusing on pesticide leaching in fractured
till has been carried out at the DIAS research centre at Flakkebjerg, 3 km from Faardrup.
Considerable data are therefore available concerning the regional geology of the area.
As Faardrup is situated only 3 km from Flakkebjerg and is assumed to have a similar
geological setting to Flakkebjerg, the present description is partially based on the Flak-
kebjerg data.

The area around Faardrup and Flakkebjerg is dominated by an undulating clayey till
plain 30 m a.s.l. that is dotted with smaller hills up to 45 m a.s.l. The till plain is cut by
erosional valleys. To the west and south the landscape drops relatively abruptly towards
the two streams Lindes A and Bjerge A (10 m a.s.l.). To the north the area drops to-
wards the upper reaches of Lindes A.

The surface geology is dominated by clay till deposits covered by 30—40 cm of topsoil.
The surface geology varies locally and detailed surface mapping in the Flakkebjerg area
has revealed smaller areas with sandy till deposits and glaciofluvial sand, clay and
gravel deposits, as well as Post Glacial peat and gyttja (personal communication; Knud
Erik Klint, GEUS). As the geomorphology at the Faardrup site is comparable to that of
the Flakkebjerg area, it is reasonable to expect the same features at Faardrup (Klint and
Gravesen, 1999).

A regional model of the area has been presented based on well and field studies (Hen-
riksen et al., 2000) according to which the majority of the area is covered by a 5-20 m
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Figure AS5.5. Topography at the site and location of soil cores, test pit and monitoring

thick clay till deposit except where it is cut by erosional valleys. In the valleys glacio-

fluvial and Post Glacial limnic sediments dominate. The clayey till cover consists of a

young Baltic till unit, possibly a Belt Sea Till, of varying thickness, deposited by a Bal-
tic ice advance in the Upper Weichselian. Under the Belt Sea till lies a Mid Danish till
deposited by the N-E advance (Houmark-Nielsen 1987). The Mid Danish till was de-
tected in most but not all wells in the area separated by a relatively thin, 0.5-5 m thick,

glaciofluvial sand unit.
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Figure A5.6. Location of the test field (red square) superimposed on: A) The soil type
map. JB 5/6: Sandy loam. B) Map of Quaternary sediments in Denmark, ML: Clay till.
C) An aerial orthophotograph (Kampsax Geoplan, DDO1999).
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Beneath this till cover there is a 2—15 m thick glaciofluvial sand deposit. This was
probably deposited as a proglacial sandur corresponding to the N-E advance and is re-
garded as a regional aquifer. Under the sand, a number of older till units with related
sand deposits are found. The age of these older units is uncertain, but they could be of a
Middle Weichselian or possibly Saalian age.

The Pre-Quaternary surface consists of Paleocene limestone located 10-20 m b.s.1., that
is regarded as a regional aquifer.

Geomorphology

As seen in Figure A5.1, the test field is situated close to the top of the hill on which the
village Faardrup lies. The field slopes gently towards the west with an average gradient
of approx. 1.7%. The slope is slightly greater in the eastern part of the field. In the west-
ern part of the field, there is a small oval 50 m x 30 m depression with a negative relief
0f 0.5-1.0 m (Figure AS.5).

The test field is shown superimposed on the Soil Classification map, the map of Quater-
nary sediments in Denmark and an orthophotograph in Figure A5.6. The field is placed
in an area dominated by sandy loam soil (JB 5/6). The map of the Quaternary sediments
indicates that the dominant sediment type is clay till. Based on the orthophotograph, the
field appears to be homogenous.

Geology of the monitoring wells and piezometer wells

As seen in the geological cross sections based on the information from the wells (Fig-
ures AS5.7 and A5.8), clay till (ML) is the dominant sediment at Faardrup. Minor varia-
tions in the cross sections include sandy till and minor components of glaciofluvial sand
and gravel. The geology found in well M6 differs from the other wells at Faardrup in
that alternating layers of glaciofluvial sand and glaciolacustrine clay dominate.

Colour changes in the till indicate variations in the redox conditions. Grey colours indi-
cate reduced conditions whereas brown colours indicate oxidized conditions. Based on
colour changes, three different zones can be recognized. In most wells, an upper zone
with yellowish brown and brownish yellow colours is found from below the topsoil to a
depth of 2.5-5 m b.g.s. Below this, a suboxic zone with greyish brown till is present to a
depth of 46 m b.g.s. This zone is typically 0.2 to 0.5 m thick. Below this there is a
lower zone with olive grey and grey-coloured till.
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Figure AS5.7. NW-SE cross sections based on wells at the site. The location of the wells
is shown in Figure A5 .4.
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Figure AS5.8. N-S cross sections based on wells along the eastern and western ends of
the test field. The location of the wells is shown in Figure A5.4.

Geology of the test pit and drainage ditch excavations

A test pit was excavated to 5.5 m b.g.s. using a backhoe in the buffer zone of the north-
eastern corner of the test field for lithological description, fracture descriptions and
characterization, fabric analysis and field vane tests.
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Samples were collected for grain size analysis, CaCOj; content, total organic carbon
(TOC), clay mineral analysis, porosity/permeability, and exotic stone counts.

Lithological description

The depths given in Table A5.3 are average depths determined from the test pit, and
correspond to the log in Figure A5.9-AS5.11. The descriptions follow Larsen ef al.
(1995).

Table AS5.3. Lithological descriptions from the test pit at Faardrup.

Depth Description Sample no.
mb.g.s.
0-0.4 Topsoil. Sand mixed with clay silt and gravel, numerous burrows, DIAS

root channels and desiccation cracks, visible organic material, non-  Profile 3089
calcareous, very dark greyish brown.
0.4-1.1 Clay till with sand veins and bodies. Clay strongly mixed with sand, DIAS
clay mixed with silt, gravel and boulders, noncalcareous. Numerous  Profile 3089
fractures and desiccation cracks, the latter decreasing with depth.
Numerous burrows and root channels that decrease in number to-
wards the bottom of the unit. Clay skins and root traces on fractures.
Light olive brown.
1.1-2.4 Clay till with some sand veins and lenses. Clay mixed with silt, 10929
strong mix of sand and weak mix of gravel and few cobbles. Fissile, 10930
i.e. heavily fractured horizontally and subhorizontally on a 0.5-1.0
cm scale. Brownish yellow with grey colouring around fractures and
haloes around roots. Calcareous (16-20% weight), wet, water-
bearing.
2.4-4.0 Clay till with folded sand veins and lenses. Clay mixed with silt, 10907
strong mix of sand and weak mix of gravel and cobbles, olive brown 10886
with iron and manganese oxide coating on and around fractures and
sand veins. Some sand veins have weak red colouring as well as iron
oxide, calcareous, moist.
4.04.3 Clay till with numerous sand lenses, veins and gravel. Clay strongly 10885 (sand-
mixed with sand, clay mixed with silt, gravel and a few cobbles. vein)
Calcareous; the matrix has a CaCO; content of approx. 20% while
more significant sand veins contain approx. 3% CaCO; The matrix
colour changes in this interval from olive brown to dark olive grey.
Sand lenses and some fractures are coloured weak red and rust-
coloured, moist.
4.3-5.7 Clay till, with few sand veins and lenses. Clay with strong mix of 10883
sand, mix of silt, gravel and few cobbles. Dark olive grey, calcareous
(20%), moist.
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Figure AS5.9. Lithology, fracture orientation, clast fabric data and interpreted ice move-
ment direction.

Fracture description
In order to make a conceptual model of the fracture systems and macropores in the test
field, fracture orientation at various depths and fracture position and frequency were

measured in the test pit.

Four different fracture systems are distinguished and described with regard to spacing,
orientation and occurrence, the data are presented in Figure A5.9 and the main fracture
systems identified. Besides the fracture analysis, fabric in the till and fold axis in folded
sand veins were measured in order to describe the stratigraphic relationships in the test

pit excavation.

In the upper meter, agricultural processes, bioturbation and desiccation cracks dominate
to a degree that obscure the systematic fracture systems. Four fracture systems has been

recognized at Faardrup (Figure AS5.9).
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Figure A5.10. Lithology, fracture trace frequency and shear strength in the test pit.

System 1: Vertical fractures with orientation strike/dip 123°/80° SW indicating defor-
mation from the northeast. This fracture system can be recognized from 1 m to 5.5 m

b.g.s. The spacing of system 1 fractures, the most prominent fracture system, was 3540

cmat 2 mb.g.s. and 3.5 m b.g.s. Fracture system 1 was visible throughout the excava-

tionto 5.5 mb.gs.

System 2: Vertical fractures with orientation strike/dip of 37°/89° NW indicating a de-
formation from southeast and/or desiccation. This fracture system occurred between 1.0

mand 3.0 mb.g.s.

System 3: Horizontal and subhorizontal fractures with orientation strike/dip of

106°/1° E indicating a shear-related deformation or possibly a freeze-thaw process, as

described by Washburn (1979). This fracture system is most intensive at 1.8-2.3 m

b.g.s., where the till becomes fissile due to the large number of fractures.
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Figure AS5.11. Lithology, grain size distribution and CaCOj; and total organic carbon
(TOC) content in the test pit. Grain size fractions larger than 2.0 mm are not included in
the grain size analysis.

System 4: Consist of nearly vertical fractures with orientation strike/dip of 99°/80° N.
The spacing was 35-40 cm, it was regular and the fractures reached well in to the re-
duced till. The orientations of fracture system 1 and 4 is approximate equal and it is

likely that the formation of the two fracture systems is related.

During field work it was observed that most of the water entering the test pit excavation
derived from this intensely horizontally fractured zone. This fractured zone probably

acts as a drainage system and may be present under a large part of the test field.

Fracture geochemistry

From a geochemical point of view, the fractures can be divided into 5 depth-dependent
units. These data are field observations and primarily based on the matrix colour and
colour changes from fracture surfaces into the matrix.
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L 0.3—1.5 m b.g.s. A unit in which fractures are coated with clay skins and traces
of topsoil can often be seen in large aperture fractures. Root traces are abundant
on fracture surfaces. Most of the fractures are caused by desiccation. This unit
stretches from the bottom of the topsoil 30—40 cm to approx. 1.2—1.5 m b.g.s.
The lower extent of this unit more or less coincides with the change from non-
calcareous to calcareous till.

1L 1.5-2.5 m b.g.s. The most obvious feature of this unit is a grey colouration of the
matrix around hydraulically active fractures and macropores. A zone of 1-2 cm
around the fracture is reduced-grey while this zone is in turn bordered by a 1 cm
thick zone of rust-coloured matrix. The reduced conditions are attributable to
oxygen consumption in connection with degradation of organic matter. Although
the majority of the horizontal and subhorizontal fractures show no visible geo-
chemical alteration, the intense fracture pattern indicates that the entire matrix is
probably oxidized.

ML 2.5-4.1 m b.g.s. Hydraulically active fractures are coated with iron and manga-
nese oxides. The matrix is olive brown, but shows signs of increased oxidation
in a narrow unit (5 cm) around the fractures, reflected as brownish yellow and
yellowish brown colouration.

IV.  4.1-5.0 m b.g.s. In this unit the hydraulically active fractures have a thin coating
of iron and manganese oxides. The matrix around the fractures exhibits signs of
oxidation up to 5 cm from the fractures.

V. 5.0-5.5 m b.g.s. A unit found in the bottom of the test pit excavation where there
is no coating or signs of alteration on the fracture surfaces.

Clast fabric and fold axis analysis

Clast fabric analysis was performed at four depths, 1.0, 2.0, 3.0 and 5.0 m b.g.s. (Figure
A5.9). The upper three measurements indicate deformation in southern or southeastern
direction, whereas the analysis at 5.0 m b.g.s. could be the result of a northeasterly de-
formation. All fold axis measurements made on thin folded sand veins reveal deforma-

tion from an easterly or east—southeasterly direction.

Comment on the drainage ditches

The geological variation present in the drainage ditches is well reflected in the test pit
and the profiles, except for the area near well cluster M6, where glaciofluvial sand was
encountered (see the grain size analysis, Table A5.4).
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Laboratory analyses

Grain size analysis

Grain size analysis has been carried out on 15 samples from the site (Table A5.4). The
till typically consists of 19-23% clay, 25-35% silt, 40-50% sand and 2—7% gravel.

Table AS5.4. Texture analysis of sediment from the test pit and from selected wells.

Grain size in mm

Depthand <0.002 0.002-  0.02- 0.63— 0.125- 0.20- 0.5—- Sediment

location 0.020 0.63 0.125  0.200 0.5 2.0

mb.g.s.

Test pit

1.50 22.9 25.1 7.2 17.6 11.8 10.7 4.8 Clay till, oxidized
2.00 21.9 26.2 6.2 16.4 11.6 12.0 5.7 Clay till, oxidized
2.50 22.3 23.8 6.6 18.7 12.5 10.9 5.1 Clay till, oxidized
3.00 21.1 21.8 7.0 19.1 13.0 12.1 5.9 Clay till, oxidized
3.75 21.5 233 6.8 19.2 12.8 11.5 5.0 Clay till, oxidized
4.10 18.7 16.3 8.0 14.0 12.0 17.6 13.4 Sand vein in till
5.00 21.6 23.6 8.0 18.0 12.3 11.2 5.3 Clay till, reduced
Wells

P4 (2.50) 23.7 19.5 6.1 19.9 12.7 12.0 6.1 Clay till, oxidized
P4 (4.50) 31.5 16.1 5.7 16.1 12.2 12.3 6.1 Clay till, suboxic
P4 (6.50) 23.7 24.3 6.3 16.3 12.5 11.2 5.7 Clay till, reduced
P4 (8.50) 19.6 26.6 9.1 15.3 11.2 11.7 6.5 Clay till, reduced
P4 (10.50) 24.5 20.7 5.1 16.3 12.7 13.5 7.3 Clay till, reduced
P4 (12.50) 9.2 12.4 8.5 16.3 17.7 252 10.8 Sandy till, reduced
M6 (2.50) 36.9 50.7 9.5 1.9 0.5 0.5 0.2 Glaciolacustrine clay
M7 (5.50) 16.4 23.3 11.7 16.9 12.4 12.7 6.7 Clay till
Drainage 5.1 14.2 149 231 16.7 18.0 8.0 Glaciofluvial sand
ditch west

(1.80)

Data from GEUS Sediment Laboratory. Some of the fractions were determined by linear interpolation.

Clay mineral analysis

Clay mineral analysis was carried out on three samples from the test pit. The clay frac-

tion (<2 um) in the till at Faardrup is dominated by smectite — but also contains ver-

miculite, illite, kaolinite and quartz. In one sample from 2.25 m b.g.s., chlorite was also

found. According to Ernstsen (1998), this is a normal clay mineral composition for this

region.
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Figure AS5.12. Fine gravel analysis from two levels in the test pit. n is the number of
grains count.

Fine gravel analysis

Exotic stone counts have been performed on two samples from Faardrup using the
Dutch method (Figure A5.12) — one from the sandy till 1 m b.g.s. and one from the clay
till 4.75 m b.g.s. Because of dissolution, the content of calcareous gravel particles is
lower in the sample from 1 m b.g.s. than in that from 4.75 m b.g.s. The composition of
the samples was otherwise more or less similar, and there is no justification for subdi-

viding the till based on the fine gravel analyses.

Total organic carbon (TOC) and CaCOj; content

With most samples the calcium carbonate content was 19-21% by weight, which is
normal for the region (Table A5.5 and Figure AS5.11).

Two samples deviate from this pattern: The CaCOj; content of the sample from 1.5 m
b.g.s. is 16%, probably due to dissolution caused by meteoric water, while that of the
sample from 4.1 m b.g.s. in a sand layer is 3.0%. The latter can be explained in two
ways: either the sand layer is a palaco-surface with a shallow weathering zone, possibly
connected to an interstadial, or it is hydraulically active with resultant dissolution of
CaCoO:s.
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As would be expected, the total organic carbon (TOC) of the samples from Faardrup
was low (Figure A5.11), ranging from 0.06% to 0.23 % by weight. The TOC content is
highest in the topsoil near the surface and decreases rapidly with increasing depth. The
TOC content increases slightly moving from the oxidized zone to the reduced zone,
reflecting the slower degradation rate associated with reduced conditions (Ernsten et al.
1998).

Table AS5.5. CaCOs; and total organic carbon (TOC) content of sediment from the test
pit and selected wells.

Locality Depth TOC CaCO; Sediment
mb.g.s. % %

Test pit 0.15 1.38 0 Top soil
Test pit 0.50 0.26 0 Clay till
Test pit 0.95 0.12 0 Clay till
Test pit 1.5 0.06 16 Clay till
Test pit 2.0 0.07 20 Clay till
Test pit 2.5 0.10 20 Clay till
Test pit 3.0 0.08 20 Clay till
Test pit 3.75 0.09 19 Clay till
Test pit 4.1 0.17 3.0 Sand
Test pit 5.0 0.23 21 Clay till

Data from GEUS Sediment Laboratory.

Porosity and permeability

For determination of porosity and permeability 100 cm® samples were collected from
the test pit horizontally using stainless steel cylinders (Table A5.6).

Table AS.6. Special core analysis data from the test pit.

Depth Plug type Liquid Saturated hydraulic Porosity Grain
permeability conductivity density

mb.g.s. mD 107 m/s cm’/em’ g/em’

2 2 0.147 1.42 0.24 2.685

3.5 2 0.059 0.57 0.23 2.679

5 2 0.065 0.63 0.22 2.686

Data from GEUS Core laboratory.
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Field vane tests

The field vane tests revealed slightly increasing undisturbed shear strain (Cv) values
with increasing depth (Figure A5.10), ranging from 50-90 kN/m? at the top of the pro-
file to 10—190 kN/m? at the bottom. According to Harremoés et al., (1984), this charac-
terizes the till units as a soft till (<150 kN/m?) at the top and as a “normal” clay till
(>150 kN/m?) at the bottom.

AS5.4 Pedology

Pedological field work

The pedological fieldwork at Faardup was carried out from April 26 to 28 1999. Three
soil profiles were excavated and described, two of them in detail (Figure A5.5). Two of
these were located beside each of the two groups of suction cups. 24 soil cores were
collected to a depth of 120 cm in the buffer zone (Figure AS.5). Inside the test field, 36
samples were collected from the topsoil (0-25 cm).

Profile description

The pedological descriptions of the three profiles are summarized in Table A5.7 to
AS5.9. The profile horizons are shown in Figure A5.13. The profile laboratory data (grain
size, texture, organic matter, nutrients and major cations) are summarized in Table
AS5.10 and AS5.11.

In Table A5.12 the profiles are classified according to both ”A Pedological Soil Classi-

fication System Based on Danish Soils” (Madsen and Jensen, 1985) and USDA Soil
Taxonomy (Soil Survey Staff, 1999).
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Table AS5.7. Description of profile 1 (Faardrup West).

Soil classification, DK | Degralessive Soil classification, USDA | Haplic Vermudoll
Parent material Clay till Profile depth 210 cm
UTM 32U UB Drainage class Moderately well
Easting 648671 drained
Northing 6132852
Landform Moraine plain Groundwater level > 400 cm
Map sheet 1412 INV Vegetation None
Elevation 28 m DNN Maximum rooting 110 cm
Topography Flat Authors Seren Torp
Slope 1-3° Date of description 26.04.99

Profile description

Ap (0-33 cm)

Clay 5-10%, containing humus, some stones of all sizes, condition and type — lumps
of lime, a few small roots, 1-10 wormholes and root channels per dm?, clear smooth
boundary.

BEv (33-60 cm)

Clay content 5—10%, the horizon consists almost solely of humus filled with worm-
holes, here between pale eluvial material, some stones of all sizes, condition and type
— lumps of lime, thick coatings of clay minerals and humus in root channels and on
aggregate peds, diffuse wavy boundary.

Bvt (60-105 cm)

Clay content 10—15%, still many wormholes filled with humus material, clay skins on
aggregate peds, humus poor, some stones of all sizes, condition and type — lumps of
lime, a few small roots, clear smooth boundary.

Cc(g) (110-200 cm)

Clay content 15-20% with bands of coarse sand, lots of vertically striped pseudogley
(20%) in the upper 70 cm of the horizon, thereafter pseudogley stripes (5%), humus
poor, limy (lumps of lime), matrix reacts with 10% hydrochloric acid, a clay-free sand
lense is water—bearing.

Remarks

The Bvt horizon: Just beneath the plough layer, the soil contains numerous worm-
holes. The wormholes stop at the chalk border.
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Table AS5.8. Description of profile 2 (3090 Faardrup North).

Soil classification DK Pseudogleytypilessive Soil classification, USDA | Oxyaquic Hapludoll

Parent material Clay till Profile depth 180 cm

UTM 32U UB Drainage class Moderately well drained
Easting 648678
Northing 6132859

Landform Moraine plain Groundwater level >180 cm

Map sheet 1412 INV Vegetation None

Elevation 28 m DNN Maximum rooting 140 cm

Topography Flat Authors Seren Torp

Slope 1-2° Date of description 28.04.99

Profile description

Ap (0-31 cm)

Dark brown (10YR 3/2 f) clayey silty sand, containing humus, many stones of all
sizes, form, type and degree of weathering, very few fine roots, 1-10 wormholes and
root channels per dm?, moderately coarse subangular structure, weak sticky consis-
tency, clear smooth boundary.

Ap2 (31-43 cm)

Dark greyish brown (10YR 4/2 f) clayey silty sand, containing humus, lots of stones
of all sizes, form, type and degree of weathering, a few fine roots, 1-10 wormholes
and root channels per dm? moderately coarse angular structure, nonsticky consis-
tency, continuous thick coatings of clay minerals and humus in root channels and on
aggregate peds, diffuse wavy boundary.

BEv (43-70 cm)

Dark yellowish brown (10YR 4/4 f) with spots of strongly brown (7,5YR 5/6 f) clayey
silty sand intermixtured with yellowish brown (10YR 5/4 f) loamy sand, humus poor,
many stones of all sizes, form, type and degree of weathering, some fine roots, 1-10
wormholes and root channels per dm?, moderately coarse subangular structure, weak
sticky consistency, mottled moderately thick coating of humus in root channels and on
aggregate peds, clear wavy boundary.

Bv (70-140 cm)

Brown (10YR 5/3 f) clayey silty sand with spots of light brownish grey (10YR 6/2 1),
humus poor, many stones of all sizes, form, type and degree of weathering, a few
small soft rounded nodules of Fe and Mn oxide and hydroxide, a few fine roots, 1-10
wormholes and root channels per dm?, moderately coarse subangular structure, weak
sticky consistency, mottled moderately thick coating of clay minerals and humus in
root channels and on aggregate peds, clear irregular boundary.

Cc(g) 140-180 cm)

Yellowish brown (10YR 5/4 f) clay with lots of vertically striped conspicuous big
light brownish grey (10YR 6/2 f) spots with diffuse boundary, secondary stain colour
yellowish brown (10YR 5/8 f), humus poor, lots of stones of all sizes, form, type and
degree of weathering, a few small soft rounded nodules of Fe and Mn oxide and
hydroxide, limy mainly as lumps, moderately coarse angular structure, sticky consis-
tency, thin mottled coating of clay minerals on aggregate peds.

Remarks

None
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Table AS5.9. Description of profile 3 (3089 Faardrup East).

Soil classification, DK | Pseudogleytypilessive | Soil classification, USDA | Oxyaquic Argiudoll

Parent material Clay till Profile depth 200 cm

UTM 32U UB Drainage class Moderately well
drained

Landform Moraine plain Groundwater level > 400 cm

Map sheet 1412 INV Vegetation None

Elevation 30 m DNN Maximum rooting 110 cm

Topography Undulating Authors Saren Torp

Slope 1-3° Date of description 26.04.99

Profile description

Ap (0-33 cm)

smooth boundary.
Bvt (33-70 cm)

Very dark greyish brown (10YR 3/2 f) clay, containing humus, some stones of all
sizes, condition and type — lumps of lime, a few small roots, 1-10 wormholes and
root channels per dm?, weak subangular structure, weak sticky consistency, clear

Yellowish brown (10YR 5/4 f) clay, humus poor, some stones of all sizes, condition
and type — lumps of lime, a few small roots, 1-10 wormholes and root channels per
dm?, moderately coarse angular structure, weak sticky consistency, mottled moder-
ately thick coatings of clay minerals and humus in root channels and on aggregate
peds, clear wavy boundary.

Bvt(g) (70-110 cm)

Yellowish brown (10YR 5/4 f) clay, lots of vertical stripes of large clear spots of
pale olive (5Y 6/3 f), secondary stain colour light brownish grey (10YR 6/2 f),
humus poor, some stones of all sizes, condition and type — lumps of lime, a few
small roots, 1-10 wormholes and root channels per dm?, moderately coarse suban-
gular structure, sticky consistency, mottles moderately thick coatings of clay miner-
als and humus in root channels and on aggregate peds, clear irregular boundary.
Cc(g) (110-200 cm)

Light yellowish brown (10 YR 6/4 f) sandy heavy clay with bands of coarse sand,
lots of vertically striped big clear spots of pale olive (5Y 6/3 f), secondary stain
colour yellowish brown (10YR 5/8 ), humus poor, very calcareous, sticky consis-
tency, continuous very little thick coatings of sesquioxides on aggregate peds.

Remarks

The Bv horizon: Just under the plough layer, the soil contains numerous wormholes.
C(g) horizon: In the upper 10—-15 cm of the horizon there are a few scattered roots.
The wormholes stop at the chalk border. The upper 25-30 cm has a moderately
thick, horizontal plate structure with aggregates covered with iron oxides.
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Table A5.10. Soil texture analysis from the pedological profiles.

Pro. Hor. Horizon  Depth Soil texture (mm) % CaCO; OM'
no. no. % %
cm <0.002 0.002— 0.02— 0.63— 0.125- 02— 0.5-2
0.02 0.63 0.125 0.2 0.5
2 1 Ap 10-20 148 132 11.8 214 134 164 6.4 - 2.6
2 2 Ap2 33-42 133 113 13.0 17.6 159 16.1 11.7 - 1
2 3 BEv 48-59 145 125 106 154 106 124 3.6 200 0.1
2 4 Bv 90-100 12.6 124 13.6 17.6 164 156 114 - 0.4
2 5 Cec(g) 153-163 249 161 13.0 162 12.0 132 44 - 0.2
3 1 Ap 10-20 157 133 124 21.8 134 164 4.6 2.4
3 2 Bvt 45-55 23,6 134 128 168 140 134 56 0.4
3 3 Bvt(g) 85-95 175 125 138 19.6 124 172 638 0.2
3 4  Cc(g) - 125 120 128 136 128 11.3 37 21.0 0.1
1) OM: Organic matter, OM = 1.72 x TOC. Analysed by DIAS.
Table AS5.11. Soil chemistry of samples from the pedological profiles.
Pro. Hor. Ny C/N Py le K Na Ca Mg Total H" CEC Base Fe Al
no. no. bases sat. (Ox) (Ox)
% mg/kg cmol/kg % mg/kg
2 1 016 9 759 639 051 0.07 991 061 11.1 - 10.5 100 2320 700
2 2 007 8 424 7.05 0.17 0.11 9.73 044 105 - 7.6 100 2336 706
2 3 003 2 433 773 0.1 0.12 198 042 204 - 52 100 788 403
2 4 005 5 332 691 011 0.13 579 04 643 - 58 100 2500 732
2 5 004 3 252 7.06 0.17 0.13 134 0.77 144 — 11.8 100 1640 1040
3 1 016 9 617 6.6 058 007 103 072 11.7 - 102 100 2324 730
3 2 005 5 262 691 017 03 119 0.62 13 — 10.8 100 1488 936
3 3 003 4 348 749 0.12 0.14 11.7 051 124 - 79 100 980 714
3 4 002 3 411 776 0.1 0.11 193 04 199 - 48 100 3568 360

1) pH determined in CaCl, solution. Analysed by DIAS.
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Figure AS5.13. Schematic drawings of profiles showing horizon distribution. Rectangu-
lar boxes indicate sampling points for soil texture and soil chemistry. Triangular boxes
indicate sampling points for hydrological analysis.
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Table AS5.12. Classification of the profiles.

Danish Soil Classification

USDA Soil Taxonomy

acteristics a Typilessive. With pseudogley
in a depth from 40 to 80 cm, the soils will
be Pseudogleytypilessive.

1 Has an illuvial Bt horizon, the order is The profile has a Mollic epipedon. Because
(West) Lessive. The BEv horizon may be de- of the numerous wormholes, the BEv hori-
scribed as degraded as it contains eluvial | zon is an Agric. The order is Mollisol and
material and thus is Degralessive. the suborder Udolls. Given the numerous
wormholes (Agric), the great group is Ver-
mudolls. Because it is a Mollic epipedon,
the soil is a Haplic Vermudoll.
2 Because there is an illuvial Bt horizon the | The profile has a Mollic epipedon. Diag-
(3090 North) | order is Lessive. With no further charac- | nostic subsurface horizons: The difference
teristics it is a Typilessive. With pseu- in the clay contents is too small to classify
dogley at a depth of 40—-80 cm, the soil is a | the B horizons as Argillic and they are thus
Pseudogleytypilessive. Gambic. With a base saturation of 100%
until a depth of 125 cm, the soil is a Molli-
sol. The suborder is Udoll and the great
group is Hapludoll. Having periodically
saturation, the soil a Oxyaquic Hapludoll.
3 Because there is an illuvial Bt horizon the | The epipedon is Mollic. The subsurface
(3089East) order is Lessive and with no further char- | horizon, Bvt, is Argillic with clayskins and a

high clay percentage. The order is therefore
Mollisols and the suborder Udolls. Because
of the Argillic horizon the great group is
Argiudolls. The soil is perodically saturated
is therefore a Oxyaquic Argiudoll.

Total carbon mapping

The total organic carbon content ranges from 1.2 to 1.8% (dry weight), with an average
of 1.4% £0.14%. The concentration is highest in the northwestern part of the test field
(Figure A5.14).
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Figure AS5.14. Map showing total organic carbon (TOC) content within the test field.
Sampling points are indicated by A.

Pedological development

The clay content of the plough layer is approx. 15% in all three profiles. The grain size
distribution beneath the top soil exhibits considerable spread, with the fine sand fraction
being dominant. Compared to the soil cores, the EM-38 measurements indicate that the
topsoil varies from sandy areas with approx. 5% clay to areas with approx. 15% clay. At
various depths below this there are horizons containing 20-25% clay, e.g. a Bt horizon
without chalk or a calcareous C horizon.
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Figure AS5.15. A) Retention curve based on values for the soil-water potential deter-
mined on the small soil core samples (100 cm®). The data are the mean values from all
three profiles. B) The unsaturated hydraulic conductivity (Kyns,t) as a function of soil
water potential in cm H,0O and the saturated hydraulic conductivity (K;) determined on
the large soil cores (6,280 cm”).

As mentioned, the CaCOj; has been leached to depths varying from 70—120 cm, and in
some places even deeper. The pH is generally around 7 (CaCl,), and a little less in the
topsoil. The base saturation is 100%. The C/N ratio indicates good turnover in the soil.

Signs of clay eluviation are present in all of the profiles as thick clay coatings on aggre-
gate surfaces and wormholes. In the texture analysis, this is reflected as an enhanced
clay content in the Bt horizon of profile 3, but not in profile 2. The subsurface has a
strong and coarse columnar structure. Clear pseudogley stripes are a sign of a temporary

water table over the illuvial horizon in moist periods.

Soil hydrology

Soil cores (100 cm® and 6,280 cm® ) for the measurement of hydrological properties (soil
water characteristics and hydraulic conductivity) were sampled at three levels corre-
sponding to the A, B and C horizons.

The soil water characteristic of the nine small cores (100 cm®) from each horizon are
shown together with bulk density and porosity in Table A5.13 and Figure A5.15.
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Table AS5.13. Soil water characteristics determined on the small cores. pF = logo(-h).

Profile Hori- Depth Water content at pF values Bulk Porosity’'
zon cm cm’/em’ density  cm’/cm’
g/em’

1.0 1.2 1.7 20 22 30 42

I (West) Ap 15 037 036 032 030 028 021 0.08 1.42 0.46
Bvt 75 032 031 028 026 025 020 0.13 1.60 0.40
Ce(g) 120 027 027 025 023 023 021 0.10 1.84 0.31
2(3090) Ap 15 032 031 029 028 027 022 0.09 1.73 0.35
Bv 80 032 031 029 027 026 022 0.10 1.70 0.36
Ce(g) 130 029 028 027 026 025 023 0.09 1.78 0.33
3(3089) Ap 15 038 037 033 032 030 024 0.08 1.52 0.43
Bvt(g) 80 032 030 027 025 024 020 0.15 1.70 0.36
Ce(g) 130 029 028 026 025 024 022 0.10 1.83 0.31

1) Assuming a particle density of 2.65 g/cm?.

The soil water content gradually decreases as a function of pF due to the relatively uni-
form pore size distribution, which is typical for a clayey/loamy soil. The majority of
pores are about 0.6 um (tube-equivalent diameter) (Figure A5.16). The percentage of
pores >12 pum is particularly low in the C horizon.

The saturated and unsaturated hydraulic conductivity determined on the large cores
(6,280 cm’) is shown in Figure A5.15. Unsaturated conductivity was low, especially in
the C horizon. The marked difference between near-saturated hydraulic conductivity and
saturated hydraulic conductivity indicates a high degree of direct piping (preferential
flow) through macropores when the soil is fully saturated.

The measurements of saturated hydraulic conductivity and air permeability made using
small (100 cm®) or large (6,280 cm”?) soil samples differed markedly (Figure A5.17).
This difference is probably related to the structure of the soil leading to a high depend-
ence on sample size. With the large soil samples, infiltration takes place through a much
larger soil area than is the case with the small soil samples and a greater number of mac-
ropores and other soil heterogeneities are therefore included.
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Figure A5.16. Pore size distribution measured (A, B, and C horizon) calculated from
water retention data assuming the unity D=3000/10pF (D = pore diameter equivalent
diameter, pm). A cubic spline interpolation procedure is used to yield discrete interpo-
late values on the sum curve obtained from the water retention curves. Abscissa:
pF=log10(-h) in which h is the soil water potential in cm H,0. D = pore diameter, um.
Ordinate: percentage of pore volume per 1/10 pF-values, % v/v.
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Figure AS5.17. Air permeability at a water content of —50 cm H,0 (k, 50) and saturated
hydraulic conductivity (K;) measured on large (6,280 cm’) samples (@ ) and small (100
cm’) samples (m).
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Figure AS5.18. Resistivity maps of the area. Map D shows the relative difference be-
tween map B and C and provides an idea about the homogeneity of the electrical prop-
erties to a depth of approx. 6 m b.g.s.
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AS.5 Geophysical mapping

Since destructive mapping methods are not accepted in the test field, it was decided to
use EM-38, CM-031 and ground-penetrating radar. The EM-38 measurements were
made in spring 1999.

EM-38

The EM-38 map (Figure A5.18A) indicates that the area is rather homogenous and that
the resistivity of the upper meter is 60—-160 Qm. Two larger areas of elevated resistivity
stand out — the southeastern corner of the test field and an area stretching from just east
of well M1 south-southwest towards the southwestern corner. In these areas, the upper
meter is interpreted as havning a higher sand content.

CM-031

The CM-031 maps are shown in Figures A5.18B, C and D. The resistivity is high for
clay till, but most of the area lies within the range for clay till and sand till (Skov- og
Naturstyrelsen, 1987). In some areas, for example the southeastern corner, resistivity
exceeds that for sand till, but the pedological, GPR and well data reveal shallow glacio-
fluvial sediments that correlate with the resistivity data.

The resistivity ranges from 60 to >320 Qm. It must be emphasized, though, that the val-
ues are relative. The maps show that the area is homogenous with a layer of high resis-
tivity overlying a layer of relatively low resistivity, and that the resistivity decreases as
the depth increases (Figure A5.18D).

Ground-penetrating radar (GPR)

In order to map the geological variability of the site, GPR mapping was carried out on
16 April 1999. Cross sections were laid out as shown in Figure A5.19. In areas where
the penetration was higher than average, the distance between the cross sections was
decreased in order to obtain better resolution. In most of the area mapped, penetration of
the radar was poor (less than 1.5 m), as is apparent from the profiles. Based on the well
logs and test pit excavation data, the areas with poor penetration are interpreted as areas
with a clay till just below the topsoil. According to the penetration map (Figure A5.19),
enhanced penetration of up to 2.5 meters is seen in two areas at the site indicating a
higher content of coarse-grained material. These areas coincide well with the geoelectri-
cal data. The coarse-grained material is either a more sandy till, or the presence of shal-
low glaciofluvial clastic sediments. One of the areas stretches in a northeasterly direc-
tion from the oval topographic depression (Figure A.5.5), widening from approx. 25 m
at its southwestern end to approx. 80 m at the northern edge of the test field. This struc-
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Figure A5.19. Ground penetrating radar profile.

ture could be a channel filled with glaciofluvial sediments draining into the depression.

Another area with increased penetration is located in the southeastern corner and along

the southern border of the test field coinciding with distinct bedding and disorderly re-

flection patterns. Experience from other sites indicates that penetration of up to 8 m can

be obtained in glaciofluvial sand and gravel (Annexe 4). There is no reason to believe

that the sand bodies mapped at Faardrup reach any deeper than 2—3 m.
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Appendix AS.1. Cultivation and pesticide appli-

cation history at Faardup.

Year Crop Date Pesticide brand Dose per ha
1995 Winter wheat 01.05.95 DLG-Flux 1.751
20.05.95 Tilt Top 031
10.06.95 Tilt Top 031
1996 Sugar beet 20.04.96 Goltix 1.01
20.04.96 Betanal 1.01
30.04.96 Goltix 1.01
30.04.96 Kemifam 1.01
07.05.96 Betasana Flow 1.51
07.05.96 Ethosan 021
20.05.96 Betanal Progress 1.51
20.05.96 Matrigon 041
1997 Spring barley 20.05.97 Ariane Super 0.751
20.05.97 Manganese sulphate 2.5kg
07.06.96 Tilt Top 031
07.06.96 Manganese sulphate 2.5kg
25.06.97 Tilt Top 031
25.06.97 Pirimor G 0.15kg
1998 Winter wheat 01.05.98 Ariane Super 1.51
01.05.98 Tilt Top 0251
01.05.98 Manganese sulphate 2.5kg
01.06.98 Tilt Top 0251
20.06.98 Amistar 031
20.06.98 Tilt Top 031
11.08.99 Roundup 2000 201
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Site Characterization and Monitoring Design

Annexe 6.

Site 6: Slaeggerup
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Figure A6.1. Location of the test field.
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A6.1 Location, ownership and earlier cultivation and use

The test field is located on Zealand near the village of Slaeggerup NE of the city of Ro-
skilde (Figure A6.1).). It is leased by the Danish Institute of Agricultural Sciences
(DIAS). Site characteristics are given in Table A6.1.

Table A6.1. Site characteristics.

Length and width of the test field 156-178 mx 130 m

Total area of the site, incl. buffer zone 3.8 ha

Area of the test field 2.17 ha

Municipality Gundsg

County Roskilde

Land registry no. Se, Marbjerg By, Flong Sogn
Ownership Private, leased by DIAS

Earlier use

The area has been used as farmland for at least the past 50 years (Figure A6.2). Cultiva-
tion and pesticide application history of the field during the five years prior to the pres-
ent investigations are summarized in Appendix A6.1.

A6.2 Technical installations

All installations at Slaeggerup are numbered according to the code described in Section
3. In the present description, however, the site-specific code for Slaeggerup, i.e. “6”, has
been omitted for the sake of simplicity. The location of all installations were selected on
the basis of the drainage system and the groundwater flow pattern (Figures A6.3) and
and are shown in Figure A6.4.

Buffer zone

The width of the buffer zone at Slaeggerup is >12 m along the northwestern and north-
eastern borders and >10 m along the southwestern and southeastern borders.

Suction cups, TDR and Pt-100 sensors

The suction cups, TDR and Pt-100 sensors at Slaeggerup were all installed as described
in Section 3.3 except suction cup (1.5) intended to be placed at 2.0 m b.g.s. was in-
stalled approx. 1.7 m b.g.s. because it was not possible to penetrate a gravel layer occur-
ring in this level. The suction cups installed 2 m b.g.s. are located in clay till whereas
those installed 1 m b.g.s are in glaciofluvial sand, locally containing thin lenses of clay.
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Figure A6.2. Topographic map 1:20.000 from 1939. The test field is marked as a red
square.

Wells

Horizontal monitoring wells

Two horizontal monitoring wells each containing three 18 m screen sections separated
by 1.0 m bentonite seals were installed on October 18-21 2000. Well H1 that intersects
the northern corner of the field was installed as described in Section 3.1.3.

During the process of drilling well H2, upward transport of drillwater was recorded in
two places — one located 32 m from the drill rig and 5 m east of the well trajectory and
the other located 48 m from the drill rig and 9 m east of the well trajectory. When the
PVC liner was drawn out of the well, a far larger force than usual was needed, thus indi-
cating the presence of a gravel/boulder bed with hydraulic contact to the surface in the
well path.
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Figure A6.3. Potential head at the site measured in April 2000 and the direction of the
ground water flow.

Piezometers

All wells at Slaeggerup were drilled as cased wells with a 6" (152 mm) solid stem auger.
Four piezometers were drilled first in order to enable the direction of groundwater flow
to be determined. P1 and P3 were drilled in July 1999 while P2 and P4 were drilled in
October 1999. The depths of the piezometer screens are summarized in Table A6.2.
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Figure A6.4. Sketch of the field showing the test and buffer zones and location of in-

stallations.
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Table A6.2. Depth of the piezometer screens.

Well DGU no. Upper Upper Lower Lower

no. screen Middle Middle screen
mb.g.s screen screen mb.g.s

mb.g.s mb.g.s

Pl 199.1168 5.1-5.6 7.8-8.3 Not installed 11.0-12.0

P2 199.1169 2.0-2.5 3.84.3 6.7-7.2 10.6-11.8

P3 199.1170 2.5-3.0 5.5-6.0 9.2-9.7 12.5-13.5

P4 199.1171 6.5-7.0 8.8-9.3 Not installed 11.8-12.8

Monitoring wells

A total of seven monitoring well clusters (M1-M?7) each consisting of four individual
wells were installed at Slaeggerup on October 613 1999. The technical specifications
are described in Section 3.

The monitoring well screens of all seven clusters are located at the following depths:
Mx.1: 1.7-2.7 m b.g.s.
Mx.2:2.7-3.7 m b.g.s.
Mx.3:3.74.7mb.g.s.
Mx.4:4.7-5.7 m b.g.s.

Drainage system

The drainage system was planned by the Agricultural Extension Service in Roskilde.
The exact year is unknown, but the system is shown on a 1963 map of several other
drainage systems. The systems all exit to a ditch running 30-40 m from the eastern
boundary of the test field. The drainpipes used are traditional clayware. The laterals are
5.5 cm i.d. while the main drains are 8 cm and 10 cm i.d.

The field is systematically drained. The spacing between the laterals is 20 m. Since the
field has a hilltop in the middle, the field drains are connected to the main drains on
either side of the hill. A preliminary investigation revealed that the western of the two
main drains was located somewhat differently than indicated on the map. Apart from
that, the drains were in good condition and located as indicated on the map.

New collector pipes and measuring chamber

The @ 125 cm measuring chamber with a 30° Thompson notch was placed in the north-
ern corner of the test field. The outlet runs to the ditch via a 36 m long @ 160 mm o.d.
PVC pipe.
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On the upstream side a new PE tube, welded in situ, connects the two main drains to the
measuring chamber. The pipe runs along the northwestern border of the test field. The
stretch upstream from the measuring chamber to the first of the two main drains consists
of'a 13 m long @ 160 mm pipe while the stretch from there to the second main drain
consists of a 145 m long @ 110 mm pipe. The slope of the long stretch is 5%o, with
greater slope at each end.

Cut-off drains

The main pipe on the southwestern side of the hill has side drains attached from both
sides. Eight drains approaching from the west were cut off along the western border of
the test field by a new main drain placed 8 m away from and parallel to the old main. A
standard corrugated and perforated tube covered with filter cloth was used. The remains
of the eight pipes, attached to the old main pipe, were plugged at their distal ends.

Dimensions of the outlet

The outlet from the measuring chamber has sufficient capacity to carry the drainage
water from the approx. 2.4 ha of the test field. The risk thus exists that water could pond
in the measuring chamber under conditions of high water level in the ditch as the crest
of the notch is just 50 cm above the bottom of the ditch. Although no information is
available concerning peak water level in the ditch, it appears to be regularly maintained
and such conditions should not arise.

The work was carried out during October 1999.

A6.3 Geology

Regional geology

The test field is situated in a weakly to moderately undulating moraine landscape inter-
sected by small valleys with local pitting due to dead ice formation. The ground surface
is generally 20-30 m a.s.l., but hills may reach heights of about 40 m a.s.l. The hills
commonly have a NNE-SSW orientation (Jacobsen, 1984). The Quaternary deposits are
10—40 m thick. In the eastern part of the area they rest on Danian limestone. Towards
the west they rest on Selandian marl, clay, sand and limestone with a characteristic
green colour due to the presence of glauconite. The lithostratigraphic difference in the
pre-Quaternary surface is due to differentiated subsidence along a mainly N-S orientated
fault occurring east of Roskilde (Jacobsen, 1984). A schematic regional profile made by
Jacobsen (1984) based on information from water wells and observations from gravel
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Figure A6.5. Topography at the site and location of soil cores, test pit and monitoring
wells.

pits describes the regional geology. The oldest Quaternary deposits consist of thin melt-
water deposits and clay till formed during the Saalian time or earlier. These are overlain
by the Himmelev Formation, a up to 17 m thick layer consisting of alternating beds of
meltwater sand and gravel interpreted as formed in connection with the Norwegian ice
advance in Weichselian time. This in turn is overlain by the Hedeland Formation, a 6—
25 m thick layer consisting of a lower and upper part of alternating beds of meltwater
sand and gravel separated by clay till. The two formations comprise a source of raw
materials and are extensively commercially mined. This formation is also interpreted as
having been formed in connection with the Norwegian ice advance. Above the Hedeland

Formation, there are deposits from two Young Baltic ice advances and their deglacia-
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tion. During each of the ice advances a thin clay till was deposited, followed by a period
of deglaciation and dead ice formation where fine-grained sand, silt, clay and occasion-
ally gravel was deposited in ice lakes. The geology of the abstraction wells nearest to the
site (DGU no. 199.14; 778; 82; 83 and 85) reveals approx. 15-20 m of Quaternary clay
till resting on Danian limestone.

Geomorphology

The test field is located on a moraine surface limited by the Maglemose A river system
towards west, north and east. Within the test field the ground surface slopes slightly
towards NE, the difference in altitude between the lowest and highest levels being about
4.5 m (Figure A6.5).

The test field is shown superimposed on the map of Quaternary sediments in Denmark
(Hermansen and Jacobsen, 1998), the Soil Classification map and a 1999 aerial ortho-
photograph in Figure A6.6. As is apparent, the field is located on a loamy soil (JB7).
This is in good agreement with the fact that the map of the Quaternary sediments in
Denmark places the field in an area of clay till. The freshwater sediments marked on the
map of Quaternary sediments are not present in the test field, and are an inaccuracy on
the map. Based on the orthophotograph, the field appears homogenous.

Geology of the monitoring wells and piezometer wells

The geological layers were described during the drilling of piezometers P1-P4 and
monitoring wells M1-M7. The location of the wells is indicated in Figure A6.4. The
penetrated sediments are subdivided into three informal lithological units described be-
low. The units are shown on cross sections based on wells in the test field in Figures
A6.7 and A6.8.

Upper unit (0-2.5 m b.g.s.)

The unit is up to 2.5 m thick and reaches the ground surface in all the wells except P3. It
develops upwards from gravely meltwater sand or sandy meltwater gravel in the lower
part to meltwater clay in the upper part. In a few wells it consists of meltwater clay
alone (P4 in Figure A6.7) or meltwater sand (M1 and M2 in Figure A6.8).

The basal meltwater sand and gravel is up to 1.8 m thick and erosively overlies the de-

posits of the middle unit. Locally it is bedded and contains thin clay lenses. The colour
is light yellow brown or yellow brown indicating oxic conditions.
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Figure A6.6. Location of the test field (red square) superimposed on: A) The soil type
map. JB 5/6: Sandy loam soil, JB 7: Loamy soil. B) Map of Quaternary sediments in
Denmark, ML: Clay till, FS: Postglacial freshwater sand. C) An aerial orthophotograph,
(Kampsax Geoplan, DD0O1999).
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Figure A6.7. NE-SW cross sections based on wells at the site. The location of the wells
is shown in Figure A6.4.
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Figure A6.8. Cross sections based on wells along the eastern and western ends of the
test field. The location of the wells is shown in Figure A6.4.
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The overlying meltwater clay is up to 1.8 m thick. Sand laminae may occur in the lower
part of the clay, giving a gradual transition from the underlying meltwater sand. The clay
is commonly laminated and becoming increasingly finer towards the surface as evi-
denced by the fact that it is sandy and strongly silty in its lower part, but weakly sandy
and silty in its upper part. Generally the colour of the clay changes upwards from grey
below 1.5 m b.g.s. to light olive grey from about 1.5-1 m b.g.s. From about 1-0.5 m
b.g.s. it is mainly light grey, light olive or light olive brown. Below the topsoil layer, the
colour is commonly yellow brown indicating that oxic conditions only occur within the
clay down to approx. 0.5 m b.g.s.

The depth to which calciumcarbonate has been dissolved within the upper unit generally
ranges from 0.45 to 0.9 m b.g.s., although a maximum depth of 1.5 m was recorded in
well M1, where the unit consists entirely of meltwater sand.

Middle unit (-7 m b.g.s.)

This unit is 3.5-6 m thick and its upper boundary occurs 0—2.7 m b.g.s. It consists of
clay till, locally with lenses of sand till and meltwater sand, up to 1.3 m thick. The clay
till only reaches the ground surface in P3, where it is developed as a dark grey brown
topsoil layer, approx. 0.35 m thick. The clay till is generally silty, sandy and gravely
with scattered stones. The lower part may be strongly sandy and gravely, however. Thin
sand lenses occur in places. The clay till is calcareous except in P3, where it occurs
close to the ground surface and is noncalcareous down to 0.5 m b.g.s.

The colour of the till depends on the distance below the ground surface and the topogra-
phy. Below 3 m b.g.s. it is light olive grey or grey. Between 3 and 1.5 m b.g.s. it is light
brown grey or olive grey and between 1 and 1.5 m b.g.s. it is light grey brown or light
yellow brown. Below the topsoil layer, the colour is grey brown. The overall colour
change reflects a downwards change from oxidized conditions close to the ground sur-
face to reduced conditions in the deeper parts. In piezometers P3 and P4, however,
which are situated on the topographically highest level within the test field, the down-
wards colour changes of the clay till show that oxidizing conditions are present to
deeper levels than in the other wells (down to 4.7 m b.g.s.). Moreover, where thick
lenses of sand till and meltwater sand occur in the reduced zone of the clay till, these
have a light yellow brown or yellow brown colour indicating local areas of oxidized
conditions.

Lower unit (5-13.7 m b.g.s.)

The unit is at least 8.5 m thick with the upper boundary located about 5 m b.g.s. It con-
sists of clay till overlain by sand till locally topped by meltwater clay. Well P3 was
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stopped by stones 13.7 m b.g.s. This could reflect either the top of the Danian limestone
or the top of the meltwater deposits of the Hedeland Formation.

The clay till which forms the lowest part of the middle unit is strongly sandy, silty and
gravely, in places with thin sand laminae. The clay till has a grey or olive grey colour,
indicating reduced conditions.

The sand till consists mainly of fine-grained sand. The lower part of the till is clayey or
strongly clayey, silty and weakly gravely, while the upper part is weakly clayey and
weakly gravely, locally containing stones and clay lenses. The sand till is calcareous
with a grey colouration indicating reduced conditions. The boundary between the clay
and sand tills is gradual, making it difficult to distinguish the tills around the boundary.
The only deep drill hole in which the sand till has not been found is P2. This is probably
because the sand till lateral to this place has changed into the clay till (Figure A6.7 and
A6.8).

The meltwater clay forming the upper part of the lower unit is 0.3—0.7 m thick. It only
occurs in the wells P1 and P3 (Figure A6.7). The clay is weakly sandy and weakly silty
or silty. It has a grey colouration indicating reduced conditions.

Geology of the test pit and drainage ditch excavations

A test pit was excavated to 5.3 m b.g.s. using a back hoe in the buffer zone of the south-
ern part of the test field for lithological description, fracture description and characteri-
zation, fabric analysis and field vane tests. Samples were taken for grain size analysis,
CaCOs; and total organic carbon content (TOC), clay mineral analysis, exotic stone
counts and porosity/permeability analysis.

Lithological description

The depths in the following descriptions (Table A6.3) are average depths from the test
pit, and correspond to the log in Figures A6.9—A6.11. A lithological description fol-
lowing Larsen ef al. (1998) is given in Table A6.3. The sediments in the test pit can be
grouped into three units corresponding to the geological units described in the well data.
The units are described briefly below:

Upper unit (0—1.8 m b.g.s.)

The unit is 0.75-1.8 m thick and coarsens towards the surface from gravely sand with
scattered stones overlying the lower boundary followed by alternating beds of sand, silt
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Figure A6.9. Lithology, fracture orientation, clast fabric data and interpreted ice move-
ment direction.

and clay and finally clay in the upper part. The lower boundary is erosional and gener-
ally occurs around 0.75 m b.g.s. In the SW corner of the excavation, however, it cuts
down to a level of 1.8 m b.g.s. Here the unit seems to form a channel fill deposit with a
NE-SW orientation. Macropores made by roots and burrowing organisms occur down to
1.3 m b.g.s. The generally yellow brown and light yellow colours of the unit indicate
oxic conditions. Below 0.65 m b.g.s., however, reduced conditions occur locally as evi-
denced by the grey colour of some of the clay beds.

Middle unit (0.6—4.7 m b.g.s.)

The unit consists of a clay till, up to 4 m thick, which is sandy to strongly sandy, weakly
silty and gravely. The boundary to the underlying sand till of the lower unit is a sharp
undulating surface. Stones and a few boulders up to 80 cm in size occur scattered in the
clay till. Slightly deformed silt and sand lenses up to 2 m long are common from
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Figure A6.10. Lithology, fracture trace frequency and shear strength in the test pit.

2 m b.g.s. down to the lower boundary, approx. 4.7 m b.g.s. The clay till has a light

yellow brown colour down to around 3.5 m b.g.s. where it gradually changes into a light
brown grey colour. In the vicinity of major vertical fractures the light yellow brown col-
our commonly extends deeper, however, down to about 3.8 m b.g.s. The colour changes
mark a downward change in the chemical environment from oxidized to reduced condi-

tions.

Lower unit (4.7-5.3 m b.g.s.)

Only the uppermost 0.6 m of the lower unit is exposed in the excavation. It consists of
sand till equivalent to that in the upper unit in most of the wells. The till is dominated by
fine-grained sand which is clayey, silty, weakly gravely to gravely and contains scattered
stones. The sand till has a light yellowish brown colour indicating oxidized conditions.
This indicates a return to oxidized conditions over the clay till-sand till boundary, i.e. a

reversed geochemical profile.
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Figure A6.11. Lihology, grain size distribution and CaCOj; and total organic carbon
(TOC) content in the test pit. Grain size fractions larger than 2.0 mm are not included in
the grain size analysis.

Fracture description

In order to develop a conceptual model of the fracture systems and macropores at the
test field, fracture orientation at various depths and fracture position and frequency were
measured in the test pit for calculation of fracture parameters. The data are presented in
Figure A6.9 and A6.10 and the fracture systems described according to Klintand Grave-
sen (1999). The fracture analysis was supplemented by till fabric measurements in order
to clarify the stratigraphic relationships in the test pit. Down to about 2 m b.g.s., the
systematic fracture systems have been obscured by agricultural processes, bioturbation
and desiccation cracks. At 0.3 m b.g.s. there were an estimated 1900 biopores/m”.

Vertical and horizontal fractures are abundant in the clay till of the middle unit. In the

southwestern corner of the pit, however, vertical fractures are less common below the
upper unit and down to approx. 3 m b.g.s. (east-facing profile in Figure A6.9) compared
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to the remainder of the pit where the clay till is exposed. This is probably because the
upper unit is thickest in the southwestern corner of the pit and because the sand and
gravel in the unit has attenuated the formation of fractures by desiccation and freeze/
thaw processes into the underlying clay till. The largest vertical fractures intersect the
whole clay till, stopping at the boundary of the underlying sand till of the lower unit.

Table A6.3. Lithological descriptions from the test pit at Slaeggerup.

Depth Description Unit
mb.g.s.
0.0-0.3 Topsoil, clayey, brown, numerous biopores, noncalcareous h

0.3-0.65 Clay, sandy, weakly silty, locally thin silt lenses, abundant desiccation
fractures and biopores, small roots on fracture surfaces and in biopores,
yellow brown and brown, noncalcareous.

0.65-1.8 Sand, silt, clay and occasionally gravel, alternating beds, the sand is com- UpPer
monly cross-laminated whereas the clay and silt is horizontally laminated. Unit
Small vertical and horizontal fractures are abundant in the clay and silt.
The clay has a light grey, white or light yellow colour whereas the silt and
sand is olive yellow in colour and strongly calcareous. _/
1.8-3.5 Clay till, sandy to strongly sandy, weakly silty, gravely, stones, lenses of
silt and sand are common, fractures, light yellow brown, calcareous. Middle
3.5-4.7 Clay till, sandy to strongly sandy, weakly silty, gravely to strongly Unit

gravely, stones, lenses of silt and sand are common, fractures, light brown
1 .
grey, c.a care.ous . Lower
4.7-5.4 Sand till, mainly fine, weakly gravely to gravely, few stones, light yellow } Unit
brown, calcareous.

It is possible to subdivide the fractures of the clay till into two fracture systems:

e System 1. These fractures consist of vertical/subvertical fractures that can be subdi-
vided into 1*' and 2™ order fractures. The 1* order fractures extend from the lower
boundary of the clay till (approx. 4.7 m b.g.s.) and up to approx. 2 m b.g.s. The 2™
order fractures are cut by the 1* order fractures or by horizontal fractures of system 2
fractures and consequently have a smaller extent than the 1 order fractures. The
system 1 fractures are mainly oriented N-S or NE-SW (Figure A6.9). They are at-
tributable to glaciotectonic forces in connection with an ice advance from the south-
east or west.

e System 2. These fractures consist of subhorizontal/horizontal fractures. In the lower
part of the clay till some of the fractures dip slightly towards east or south. The sys-
tem 2 fractures are attributed to a horizontal stress component of the ice advance that
formed the system 1 fractures.

A6-19



No fractures were recognized in the sand till of the lower unit.

Fracture geochemistry

Five depth-dependent types of coatings could be observed on the fracture surfaces in the
test pit. There was generally less precipitate on the fracture surfaces in the southwestern
corner of the pit, where the overlying upper unit is thickest, than on fracture surfaces
exposed elsewhere in the clay till.

L. 0-2 m b.g.s. The surfaces of the fractures are generally light grey in colour,
probably reflecting locally reduced conditions in an otherwise oxidized chemical
environment. The reduced conditions are probably caused by oxygen depletion
due to decomposition of organic matter.

1L 2-2.3 m b.g.s. The surfaces of the fractures are either slightly rust-coloured or
light yellow brown corresponding to the colour of the matrix.

II. 2.3-3.7 m b.g.s. The surfaces of the fractures are rust-coloured and commonly
have black areas due to manganese precipitation. The matrix has a light yel-
lowish brown colour down to around 3.5 m b.g.s., whereafter it gradually
changes into a light brownish grey colour indicating a downward change from
oxidized to suboxic conditions.

IV.  3.7-4 m b.g.s. Similar coating to the fractures as from 2.3-3.7 m b.g.s. except
that there is less manganese precipitate.

V. 4-4.7 m b.g.s. The surfaces of the fractures are mainly rust-coloured.

Clast fabric analysis

Two clast fabric analyses were performed on the clay till of the middle unit, 2.5 and 4.7
m b.g.s. A further analysis was performed on the sand till of the lower unit, 4.75 m
b.g.s. The clast fabric analysis of the clay till revealed an average clast fabric orientation
of 110° while that of the sand till was 145° (Figure A6.9), thus indicating that the tills
were formed by an ice advance from an easterly-southeasterly direction.

Field vane tests

Field vane tests were performed in the test pit at 25 cm intervals from top to bottom
(Figure A6.10). Down to a depth of 1 m b.g.s. the undisturbed shear strength (Cv) in-
creases from approx. 90 to approx. 290 kN/m”. At depths from 1 to 2.5 m b.g.s. the
shear strength is generally 250-280 kN/m” while from 2.5 to 3.5 m b.g.s. it is 320-370
kN/m? and from 3.5 to 5.25 m b.g.s. it is 160-250 kN/m”.

A6-20



Laboratory analysis

Grain size analysis

Grain size analysis has been carried out on 15 samples from the site (Table A6.4 and
Figure A6.11). The analyses show that the meltwater clay within the upper unit has a
clay content of 40-55% while that of the clay till of the middle unit is 13-26%. Two
grain size analyses of the sand till of the lower unit revealed a clay content of 12—16%,

Table A6.4. Texture analysis of sediment from the test pit and from selected wells.

Grain size in mm, %

Depthand <0.002 0.002—  0.02- 0.63— 0.125- 0.20- 0.5~ Sediment

location 0.020 0.63 0.125 0.200 0.5 2.0

mb.g.s.

Test pit

1.0 55.1 33.0 1.9 7.4 1.9 0.5 0.2 Meltwater clay (upper
unit), oxidized

1.2 25.1 24.6 4.6 14.6 12.3 134 5.5 Clay till (middle unit),
oxidized

22 18.5 21.7 9.7 14.8 12.7 14.5 8.2 Clay till (middle unit),
oxidized

3.0 25.4 23.8 11.0 12.3 10.4 11.1 6.0 Clay till (middle unit),
oxidized

3.5 20.3 22.6 9.7 13.6 11.9 14.0 7.9 Clay till (middle unit),
suboxic

4.2 25.8 22.6 9.6 12.9 11.2 11.7 6.3 Clay till (middle unit),
reduced

4.8 16.3 17.5 9.2 19.6 14.1 16.5 6.8 Sand till (lower unit),
oxidized

Wells

P4(2.8) 13.4 14.4 9.0 20.6 17.3 16.8 8.4 Clay till (middle unit)

P4(10.0) 13.2 22.0 59  20.0 14.8 16.9 7.2 Clay till (lower unit)

P4(13.8) 18.2 24.6 14.4 16.1 10.2 10.6 5.9 Clay till (lower unit)

P2(4.5) 26.4 443 11.9 7.2 3.9 4.1 2.2 Clay till (middle unit)

P2(7.0) 13.1 14.5 13.1 24.5 14.5 15.0 5.3 Claytill (lower unit)

P1(7.1) 43.7 441 4.8 3.8 1.8 1.3 0.5 Meltwater clay (lower
unit)

P1(8.5) 11.6 13.5 120 228 16.5 174 6.2 Sand till (lower unit)

Ditch

0.7 41.1 44.7 11.3 2.6 0.1 0.1 0.1 Meltwater clay (upper
unit)

Data from GEUS Sediment Laboratory. Some of the fractions were determined by linear interpolation.
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0% 60 80 190 0% 2|0 4|0 6|0 8.0 I(I)O
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0% 20 40 60 8|0 190 0% 2|O 4|0 6|O 8|0 190
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Non-Calcareous  Limestones

Flint .

Quartz
Crystalline
Sediments

Mesozoic + Cenozoic

Figure A6.12. Fine gravel analysis from four levels in the test pit. n is the number of
grains counted.

although the latter value is not representative for the matrix of the sand till, as the sam-
ple was taken close to the upper boundary of the till where clasts and lenses of silt and
clay are abundant. The clay content of the clay till in the lower unit is 13—19% (Table
A6.4: P4 (10.0 m b.g.s.) and P4 (13.8 m b.g.s.)).
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Clay mineral analysis

Two samples of the clay till of the middle unit collected 1.3 and 4.0 m b.g.s. reveal that
the clay fraction (<2 pm) is dominated by smectite. Other minerals present are vermicu-

lite, illite, kaolinite and quartz.

Fine gravel analysis

Exotic stone counts were performed on four samples from the test pit. As shown in Fig-
ure A6.12, the content of sediment and Palaeozoic limestone grains is slightly lower in

the sand till of the lower unit (sample from 4.8 m b.g.s.) than in the clay till of the mid-
dle unit.

Total organic carbon (TOC) and CaCOj; content

The TOC and CaCOs; data are shown in Figure A6.11 and Table A6.5. The CaCOs; con-
tent of the clay till at Slaeggerup is 21-28% by weight, while that of the meltwater clay
1s somewhat higher at 51%.

The TOC values from the test pit range from 0.06 to 0.21%, the highest values generally
occurring in the reduced zones of the sediments.

Porosity and permeability

Three samples were collected for determination of the hydrogeological characteristics of
the sediments. In the clay bed of the upper unit the porosity was 46% and the saturated
hydraulic conductivity was 7.3 x 107 m/s. These values are relatively high compared to
the porosity and saturated hydraulic conductivity of the underlying clay and sand till
(Table A6.6), probably due to the presence of horizontal sand lamina and fractures in
the clay. Analysis of two samples of the clay till of the middle unit revealed a porosity
of about 28% and a saturated hydraulic conductivity of 7.3 x 10 m/s and 3.9 x 10® m/s,
respectively. In the sand till of the lower unit the porosity was 26% and the saturated
hydraulic conductivity was 3.7 x 10™® m/s. The samples were collected horizontally.
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Table A6.5. Sediment CaCOj; and total organic carbon (TOC) content in the test pit and
selected wells.

Locality Depth TOC CaCO; Sediment
mb.g.s. % %
Test pit 1.0 0.21 51 Meltwater clay (upper unit)
Test pit 1.2 0.06 22 Clay till (middle unit)
Test pit 2.2 0.06 22 Clay till ( do.)
Test pit 3.0 0.21 24 Clay till ( do.)
Test pit 3.5 0.13 27 Clay till ( do.)
Test pit 4.2 0.17 28 Clay till ( do.)
Test pit 4.8 0.08 12 Sand till (lower unit)
P4 2.8 0.04 19 Clay till (middle unit)
P4 10.0 0.12 11 Clay till (lower unit)
P4 13.8 0.12 26 Clay till (lower unit)
P2 4.5 0.57 33 Clay till (middle unit)
P2 7.0 0.11 11 Clay till (lower unit)
P1 7.1 0.33 33 Meltwater clay (lower unit)
P1 8.5 0.13 7 Sand till (lower unit)
Ditch (close to P2). 0.7 0.17 29 Meltwater clay (upper unit)

Data from GEUS Sediment Laboratory.

Table A6.6. Special core analysis data from the test pit.

Plug no. Depth Plug type Liquid Saturated hydraulic ~ Porosity Grain
permeability conductivtiy density

mb.g.s. mD 10° m/s cm’/cm’ g/em’

1 1.0 2 75.543 729.7 0.46 2.680
2 1.5 2 0.754 7.290 0.29 2.703
3 4.25 2 4.035 38.98 0.28 2.672
4 4.75 2 3.851 37.20 0.26 2.667

Data from GEUS Core Laboratory.
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A6.4 Pedology

The pedological field work at Slaeggerup was carried out from September 27 to Sep-
tember 30 1999. Three soil profiles were excavated and described (Figure A6.5). Two
were located beside the suction cups and one beside the test pit. In the buffer zone, 20
soil cores were collected to a depth of 120 cm (Figure A6.5). Inside the field 47 soil
samples were collected from the topsoil (0-25 cm).

Profile description

The pedological descriptions of the three profiles are summarized in Tables A6.7, A6.8
and A6.9. The profile horizons are shown in Figure A6.13, while the laboratory data
(grain size, texture, organic matter, nutrients and major cations) are summarized in Ta-
bles A6.10 and A6.11.

In Table A6.12 the profiles are classified according to “A Pedological Soil Classifica-
tion System Based on Danish Soils” (Madsen and Jensen, 1985) and USDA Soil Tax-
onomy (Soil Survey Staff, 1999).

Table A6.12. Classification of the profiles.

Profile no Danish Soil Classification USDA Soil Taxonomy

1 Because of the Bt horizon the profile is a | With a high base saturation throughout the
(3095 North) | Lessive soil. Having no special charac- | profile and a median content of organic
teristics, it is a Typilessive. Because of | matter, the soil is a Mollisol. The suborder
the Bv horizons on top of the Bt hori- is Udolls. Because there is an Argillic hori-
zons, the soil is a Brunjordstypilessive. | zon, the great group is Argiudolls. The soil
is a Typic Argiudolls a the great group

level.
2 ditto. ditto.
(3097 East)
3 ditto. ditto.
(3096 South)
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Table A6.7. Description of profile 1 (3095 Slaeggerup North).

Soil classification, DK | Brunjordstypilessive | Soil classification, USDA | Typic Argiudoll

Parent material Clay till Profile depth 260 cm

UTM 32U PG Drainage class Moderately
Easting 698904 well drained
Northing 61743307

Landform Hilly Moraine Groundwater level 400 cm

Map sheet 11131V SO Vegetation Wheat stubble

Elevation 21 m DNN Maximum rooting 70 cm

Topography On the middle of Authors Seren Torp
slope

Slope 1-3° Date of description 28.09.99

Profile description

Ap (0-27 cm)

Very dark greyish brown (10YR 3/2 f) clay, containing humus, a few small stones of
mixed form, type and condition, a few small roots, 110 pores per dm?, strong very
coarse angular structure, fast consistency, clear smooth boundary.

Bv (27-34 cm)

Brown (10YR 4/3 1) clay, humus poor, a few small stones of mixed form, type and
condition, some small roots, 1-10 pores per dm?, moderately coarse angular structure,
brittle consistency, continuous thin coatings of clay minerals and humus in root chan-
nels + aggregate peds, gradual wavy boundary.

Bvt (34—48 cm)

Yellowish brown (10YR 5/4 f) sandy clay, humus poor, a few small stones of mixed
form, type and condition, a few small soft rounded Fe and Mn oxide and hydroxide
nodules, some small roots, 110 pores per dm? moderately coarse prismatic structure,
very brittle consistency, continuous thin coatings of clay minerals and humus in root
channels + aggregate peds, clear, wavy boundary.

Bv2 (48-62 cm)

Brown (10YR 4/3 f) clayey sand, humus poor, a few small stones of mixed form, type
and condition, frequent small roots, moderately thin angular structure, brittle consis-
tency, gradual smooth boundary.

2Cc (62-150 cm)

Light yellowish brown (10YR 6/4 f) clayey, silty sand with bands of silty clay, many
big clear very pale brown (10YR 8/2) horizontally striped spots, secondary spots of
light grey (5Y 7/2 f), horizontally striped gley character, humus poor, a few small
stones of mixed form, type and condition plus lumps of lime, a few small soft rounded
Fe oxide and hydroxide concretions, structureless, loose consistency, gradual, wavy
boundary.

3Cc(g) (150-260 cm)

Brown (10YR 5/3 1) clay, spots of grey (5Y 6/1 f) reducing environment, humus poor,
a few small stones of mixed form, type and condition plus lumps of lime, a few small
soft and hard rounded Fe oxide and hydroxide concretions, strong very coarse angular
structure, very brittle consistency.

Remarks

Horizon 2C: Alternating layers of water-sedimented material, fine and sandy.
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Table A6.8. Description of profile 2 (3097 Slaeggerup East).

Soil classification, DK | Brunjordstypilessive | Soil classification, USDA Typic Argiudoll
Parent material Clay till Profile depth 260 cm
UTM 32U PG Drainage class Moderately well
Easting 698936 drained
Northing
6,174,304,21
Landform Hilly moraine Groundwater level 400 cm
Map sheet 15131V SO Vegetation Wheat stubble
Elevation 21 m DNN Maximum rooting 70 cm
Topography Undulating Authors Saren Torp
Slope 2-4° Date of description 28.09.99

Profile description

Ap (0-25 cm)

Very dark greyish brown (10YR 3/2 f) clay, containing humus, a few small stones of
varying shape and type especially unweathered, some small roots, 1-10 wormholes and
root channels per dm?, moderately coarse angular structure, brittle consistency, clear,
smooth boundary.

Bvl (25-50 cm)

Very dark greyish brown (10YR 3/2 f) clay containing humus, a few small stones of
varying shape and type especially unweathered, a few small roots, 1-10 wormholes and
root channels per dm?, moderately coarse angular structure, loose consistency, mottled
thick coatings of clay minerals and humus in root channels + aggregate peds, gradual,
wavy boundary.

Bv2 (50-76 cm)

Light yellowish brown (2.5Y 6/4 f) clayey, silty sand with many vertical stripes of
medium clear spots of yellowish brown (10YR 5/6 f), humus poor, a few small stones of
varying shape and type, especially unweathered, some small roots, 1-10 wormholes and
root channels per dm?, very weak medium subangular structure, loose consistency, very
little spotted moderately thick coatings of clay minerals and humus in root channels,
gradual, smooth boundary.

Bt (76-101 cm)

Yellowish brown (10YR 5/4 f) sandy clay with many vertically striped big clear spots of
strong brown (7.5YR 5/6 f), humus poor, a few small stones of varying shape and type
especially unweathered, a few small soft irregular Fe and Mn oxide and hydroxide
nodules, a few small roots, 1-10 wormholes and root channels per dm?, moderately
coarse angular structure, brittle consistency, spotted moderately thick coatings of clay
minerals and humus in root channels and on aggregate peds, gradual, wavy boundary.
BC (101-140 cm)

Dark yellowish brown (10YR 4/6 f) clayey sand with many vertically striped big
marked clear spots of pale olive (5Y 6/3 f) and secondary spots of dark yellowish brown
(10YR 4/6 1), humus poor, a few small stones of varying shape and type, especially
unweathered, a few small soft irregular Fe and Mn oxide and hydroxide nodules, a few
small roots, moderately coarse subangular structure, loose consistency, clear smooth
boundary.

2Cc (140-155 cm)

Light yellowish brown (2.5Y 6/4 f) light clayey sand, humus poor, a few small stones of
varying shape and type especially unweathered, weak medium angular structure, loose
consistency.

Remarks

The profile is characterized by dizzy lithology, i.e. disorder of shifting layers of sandy
pebbles and clay horizons.
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Table A6.9. Description of profile 3 (3096 Slaeggerup South).

Soil classification, DK | Brunjordstypilessive | Soil classification, USDA | Typic Argiudoll
Parent material Clay till Profile depth 150 cm
UTM 32U PG Drainage class Well drained
Easting 698909
Northing 6174136
Landform Hilly Moraine Groundwater level
Map sheet 11131V SO Vegetation Wheat stubble
Elevation 24 m DNN Maximum rooting 80 cm
Topography Undulating Authors Saren Torp
Slope 0-1° Date of description 29.09.99

Profile description

Ap (0-25 cm)

Very dark greyish brown (10YR 3/2 f) clay, containing humus, a few small stones of
mixed form, type and condition, some small roots, 1-10 wormholes and root channels
per dm?, moderately coarse subangular structure, brittle consistency, abrupt smooth
boundary.

Bv (25-42 cm)

Brown (10YR 4/3 f) clay with many vertically striped medium clear spots of very dark
greyish brown (10YR 3/2 f) with clear boundary, humus poor, a few small stones of
mixed form, type and condition, some small roots, 1-10 wormholes and root channels
per dm?, weak medium subangular structure, very brittle consistency, mottled moder-
ately thick coatings of clay minerals and humus in root channels, gradual, smooth
boundary.

Bvt (42-78 cm)

Dark yellowish brown (10YR 4/4 f) sandy clay with many horizontally striped big clear
spots of strongly brown (7.5YR 4/6 f) and secondary spots of light olive brown (2.5Y
5/4 1), humus poor, a few small stones of mixed form, type and condition, some small
roots, 1—10 wormholes and root channels per dm?, weak thin subangular structure, very
brittle consistency, strongly discontinuous plate structure fragipan, mottled thin coatings
of clay minerals and humus in root channels and on aggregate peds, diffuse, smooth
boundary.

Cc (78-150 cm)

Pale yellow (2.5Y 8/2 f) clay with lots of vertical big clear spots of light olive brown
(2.5Y 5/4 f) and secondary spots of light grey (2.5Y 7/1 f), humus poor, a few small
stones of mixed form, type and condition + lumps of chalk, a few small soft and hard
rounded Fe oxide and hydroxide concretions, calcareous, mainly as lumps, strong, very
coarse plate structure, brittle consistency.

Remarks

The Bvt horizon: Has a strongly discontinuous fragipan.
The C horizon: In the upper 15 cm there is a horizontal stripe of fine chalk bands. The
horizon has a secondary fine horizontal structure of 3—5 cm thick plates.

A6-28




Table A6.10 Soil texture analysis from the pedological profiles.

Pro. Hor. Horizon  Depth Soil texture (mm) % CaCO; OM'
no. no. cm % %
<0.002 0.002— 0.02— 0.63— 0.125- 0.2— 0.5-2
0.02 063 0.125 0.2 0.5

1 1 Ap 10-20 20.1 199 12,6 17.8 13.0 112 3.0 - 2.4
1 2 Bv 28-38 187 163 123 242 196 6.0 2.2 - 0.7
1 3 Bvt 50-60 223 57 85 262 294 64 1.2 - 0.3
1 4 Bv2 53-63 127 43 3.9 7.7 91 323 297 - 0.3
1 5 2Cc 107-117 11.5 100 11.6 142 7.8 188 12.0 139 0.2
1 6 3Ccg 200210 155 105 7.1 120 126 126 60 233 03
2 1 Ap 10-20 190 160 90 164 172 174 32 - 1.8
2 2 Bvl 28-38 180 190 10.0 158 192 132 34 - 1.4
2 3 Bv2 56-66 125 6.2 55 223 281 204 48 - 0.2
2 4 Bt 80-90 21.3 6.7 46 188 248 162 74 - 0.2
2 5 BC 105-115 11.1 24 40 244 251 274 54 - 0.2
2 6 2Cc 136-146 7.6 4.9 86 214 216 156 6.8 133 0.2
3 1 Ap 8-18 240 190 140 188 938 8.6 3.8 - 2

3 2 Bv 30-40 178 102 114 137 133 224 105 - 0.6
3 3 Bvt 53-63 253 6.7 80 170 174 174 78 - 0.4
3 4 Cc 112-123 154 9.6 7.3 13.6 112 134 52 242 0.2

1) OM: Organic matter. OM = 1.72 x TOC. Analysed by DIAS.

Table A6.11. Soil chemistry of samples from the pedological profiles.

Pro. Hor. Ny C/N Py le K Na Ca Mg Total H+ CEC Base Fe Al
no. no. bases sat. (Ox) (Ox)
% mg/kg cmol/kg % mg/kg

1 1 0.14 10 400 596 026 0.07 13.7 041 144 239 168 86 2482 1020
1 2 006 7 130 6.09 0.12 0.11 10.3 0.41 109 298 139 79 1262 814
1 3 004 4 101 7.07 0.2 0.13 123 0.79 134 263 16 8 704 932
1 4 004 4 2063 696 0.1 0.17 755 048 83 44 12.7 65 1360 780
1 5 003 4 358 7.72 0.12 0.17 19.1 0.41 198 - 82 100 786 396
1 6 003 6 364 7.74 0.18 0.13 20 0.85 212 - 94 100 638 291
2 1 012 9 421 597 028 0.06 9.53 0.21 10.1 6.62 16.7 60 3388 966
2 2 009 9 237 574 0.09 0.06 843 0.16 874 426 13 67 2920 1026
2 3 003 4 118 6.63 0.08 0.07 573 035 623 6.87 13.1 48 872 528
2 4 003 4 140 7.35 0.16 0.1 18.7 091 199 - 155 100 724 646
2 5 003 4 209 645 0.12 0.05 6.85 0.51 7.53 557 13.1 57 1266 559
2 6 002 6 321 791 0.07 0.06 174 028 17.8 - 9.9 100 544 270
3 1 013 9 483 6.26 037 0.16 14.1 0.82 154 257 18 86 2888 910
3 2 005 7 347 6.41 0.13 0.09 832 0.29 883 7.27 16.1 55 2704 730
3 3 005 5 448 6.89 024 0.17 153 098 16.7 1.19 179 93 3784 531
3 4 002 6 429 7.88 0.12 0.15 202 0.51 21 - 9.1 100 742 386

1) pH determined in CaCl, solution. Analysed by DIAS.
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Figure A6.13. Schematic drawings of profiles showing horizon distribution. Rectangu-
lar boxes indicate sampling points for soil texture and soil chemistry. Triangular boxes
indicate sampling points for hydrological analysis. White areas with + symbolise stones.
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Total carbon mapping

The total organic carbon content throughout the field ranges from 1.0 to 1.7% (dry
weight), with a mean of 1.37% £0.22%. The concentration is highest in the southwest-
ern and eastern part of the field and lowest in the northern part of the field (Figure
A6.14).

Pedological development

In the plough layer of the three profiles the clay content is 20—24% while the other parti-
cle classes are more or less evenly distributed. The total organic carbon content ranges
from 1.0 to 1.7%.

Beneath the plough layer there are horizons eluviated in clay, the Bv from 27-34 cm
(Profile 1, Slaeggerup North) and 50—76 cm (Profile 2, Slaeggerup East). The degree of
eluviation is moderate, and thin to moderate clay coatings are observed in the underlying
horizons. The laboratory analysis reveals a difference in clay content of approx. 2—7%
compared with the overlying horizon.

The soils in the area all include a clay-enriched illuvial Bt horizon containing 21-25%
clay. This horizon lies in a depth of 40 to 80 cm. Clay skins on peds were found in all
three profiles. A temporary water table seems to develop during moist periods in some
of the area since pseudogley was found in nine of the soil cores as well as in soil profiles
1 and 3. Because the pseudogley is attributable to texture and structure in the soil here,
there is no connection to topography.

From the phosphorus content it can be seen that the soil has been used for agricultural
purposes, probably for decades. The base saturation in the profiles ranges from 49 to
93% where the soil is lime-free, and increases with increasing depth. The pH generally
increases down through the profiles from approx. 6 in the topsoil to 7 just above the
chalk border. In the chalk zone, pH is around 7.7.
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Figure A6.14. Map showing total organic carbon TOC content within the test field.
Sampling points are indicated by A.

A6-32




10°

Horizons
® A
4.0
Horizons 10* 1T : (Bj)
—— A
H(Ks Kunsat
3.0 — B 10° i
e - I%t .
pF £ 10° . AN
2.0
N l l“‘*" AAA A

5 ] n
1.0 ¢
10° -4—‘1110_0%
*

A 0.10 020 030 040 0.50 B 1 10 100

Water content (cm’/cm’) h (cm)

Figure A6.15. A) Retention curve based on values for the soil-water potential deter-
mined on the small soil core samples (100 cm?). The data are the mean values from all
three profiles. B) The unsaturated hydraulic conductivity (Kyns,t) as a function of soil
water potential in cm H,O and the saturated hydraulic conductivity (Ks) determined on
the large soil cores (6,280 cm?).

The texture distribution found at Slaeggerup is typical for a clayey, moderately eluviated
east Danish moraine till. In the two profiles to the north, the texture changes because of

a change in lithology from till to fluvial deposits. Profile 1 (Slaeggerup North) is unique
with different parent materials and following discontinued horizons.

Table A6.13. Soil water characteristics determined on small soil cores, pF = log;o(-h).

Profile  Horizon = Depth Water content at pF values Bulk Porosity'
no. cm cm’/em’ density  cm’/cm’
g/em’

1.0 1.2 1.7 2.0 2.2 3.0 4.2

1(3095) Ap 15 034 034 033 032 03 027 013  1.64 0.38
Bv/Bvt 40 033 033 031 027 025 0.19 010  1.71 0.35
3Cc(g) 210 027 027 027 026 025 024 012  2.01 0.24
2(3097) Ap 15 035 035 033 032 032 027 011  1.67 0.37
Bvl 40 032 032 028 026 025 020 0.10  1.70 0.36
BC 120 037 037 033 028 027 020 006 170 0.36
3(3096) Ap 15 038 037 037 036 036 031 014  1.68 0.37
Bv 40 039 039 037 036 035 030 009  1.60 0.39
C - 2 2 2 2 2 2 2 2) 2)

1) Assuming a particle density of 2.65 g/cm’.
2) Sampling not possible.
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Figure A6.16. Pore size distribution measured (A, B, and C horizon) calculated from
water retention data assuming the unity D=3000/10pF (D = pore diameter equivalent
diameter, pm). A cubic spline interpolation procedure is used to yield discrete interpo-
late values on the sum curve obtained from the water retention curves. Abscissa:
pF=log10(-h) in which h is the soil water potential in cm H,0. D = pore diameter, pm.
Ordinate: percentage of pore volume per 1/10 pF-values, % v/v.
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Figure A6.17. Air permeability at a water content of =50 cm H,0 (k, 50) and saturated
hydraulic conductivity (Ks) measured on large (6,280 cm®) samples (@ ) and small (100
cm’) samples (m).

A6-34



Soil hydrology

Soil cores (100 cm® and 6,280 cm®) for the measurement of hydrological properties (soil
water characteristics and hydraulic conductivity) were sampled at three levels corre-

sponding to the A, B, and C horizon.

The soil water characteristics of the nine small cores (100 cm’) from each horizon are
shown together with bulk density and porosity in Table A6.13 and in Figure A6.15. The
soil in the A and B horizons gradually decreases in water content as a function of the
relatively uniform pore size distribution, which is typical for a clayey/loamy soil. The C
horizon has a high water-holding capacity until pF 3 (-1,000 cm H,0).

The majority of the pores are about 0.7 um (tube-equivalent diameter). The B horizons
and the C horizons exhibit marked bimodal pore size distribution with a second peak at
about 50 um. The percentage of pores >300 pm is particularly low in the C horizon,
thus reflecting the high water-holding capacity of the horizon (Figure A6.16).

The saturated and unsaturated hydraulic conductivity data for the large cores (6,280
cm’) are shown in Figure A6.15. Unsaturated conductivity was low in all three horizons
and highly variable, especially in the B and C horizons. Due to the high inter-
measurement variability and lack of data, it is difficult to establish a unique relationship
between soil water potential (h) and hydraulic conductivity (k) in the C horizon. The
marked difference between near-saturated hydraulic conductivity and saturated hydrau-
lic conductivity indicates a high degree of preferential flow through macropores when

the soil is fully saturated.

The measurements of saturated hydraulic conductivity and air permeability made using
small (100 cm?) or large (6,280 cm’) soil samples differed markedly (Figure A6.17).
This difference is probably related to the structure of the soil leading to a high depend-
ence on sample size. With the large soil samples, infiltration takes place through a much
larger soil area than is the case with the small soil samples and a greater number of mac-

ropores and other soil heterogeneities are therefore included.

A6.5 Geophysical mapping

Since destructive mapping methods are not accepted in the test field, it was decided to
use EM-38, CM-031 and ground-penetrating radar.
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B) Penetration depth 2.5-3 m

with power line

Figure A6.18. Resistivity maps of the area. Map D shows the relative difference be-
tween map B and C and provides an idea about the homogeneity of the electrical prop-
erties to a depth of approx. 6 m b.g.s.

The EM-38 map shown in Figure A6.18A reveals that the relative resistivity at the site
measured in the upper meter ranges from 36 to 100 Q m. In map A6.18B (the shallow
CM 031 map), a distinct area of high resistivity, i.e. 100—160 Q m, is observed from the
northern corner to the southern corner. This anomaly can actually be seen in all
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Figure A6.19. Ground-penetrating radar profile from the northern border of the test
field.

three maps (A6.18A, B and C). The areas of high resistivity probably indicate meltwater
gravel and sand of the upper unit occurring near the surface.

Another anomaly is seen close to and parallel to the well path of the horizontal well H2.
This is less pronounced with relatively low resistivity (Figure A6.18B and C). This
anomaly provides a good explanation for the upward transport of drilling fluid described

above when interpreted as a sand or gravel bed.

Figure A6.18D shows the relative difference between the two CM-031 maps. It must be
read with caution since Slaeggerup is basically a three-layer model whereas the map in
question interprets the data as a two-layer model. Nevertheless, it does highlight some of

the areas where differences in the resistivity occurs with increasing depth.

Ground-penetrating radar (GPR)

The ground-penetrating radar mapping was carried out along a 20 x 20 m grid. The
penetration depth is generally 2—3 m b.g.s. Several of the GPR cross sections are char-
acterized by continuos horizontal reflections indicating a homogeneous clayey sediment.
With the remaining cross sections the reflection pattern is more uneven, indicating a
higher content of sand and gravel. Reflectors are also present, indicating cross-bedding
or basin structures. On some of the GPR cross sections the boundary between the clay
till of the middle unit and the overlying meltwater gravel and sand of the upper unit is
apparent as a very distinct erosive surface (Figure A6.19).
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Appendix A6.1. Cultivation and pesticide appli-

cation history at Slaeggerup.

Year Crop Date Pesticide brand Dose per ha
1996 Winter wheat 09.10.95 Stomp SC 1.091
09.10.95 DLG IPU 1.091
22.05.95 Corbel 0.321
22.05.95 Manganese sulphate 1.07 kg
22.05.95 CCC extra 0431
05.06.96 Tilt Top 0351
05.06.96 Manganese sulphate 1.00 kg
28.06.96 Tilt Top 0351
28.06.96 Pirimor G 0.10 kg
1997 Winter wheat 10.06.96 Stomp SC 1.01
10.06.96 DLG IPU 1.01
12.05.97 Corbel 021
12.05.97 Manganese chelate 1.001
12.05.97 Herbanix MPD 400 1.001
12.05.97 Express 0.0019
22.05.97 Puma Super 1.001
22.05.97 Isobette 0.251
28.05.97 Tilt Top 0.151
28.05.97 Manganese chelate 1.001
28.05.97 Express 0.0038 kg
28.05.97 Oxitril 051
09.06.97 Express 0.0019 kg
09.06.97 Tilt Top 021
09.06.97 Manganese sulphate 1.5 kg
02.07.97 Tilt Top 031
1998 Field peas 09.05.98 Decis (eastern part) 0.251
Field divided 09.05.98 Stomp SC (eastern part) 0.751
through experimental 09.05.98 Basagran 480 (eastern part) 051
area W 45% E 55%
13.05.98 Stomp SC (eastern part) 0.751
13.05.98 Basagran 480 (eastern part) 051
18.05.98 Fervin 0.751
08.07.98 DLG Maneb F1 1.21
08.07.98 Pirimor G 0.151
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Year Crop Date Pesticide brand Dose per ha

1998 Spring rape 24.04.98 Roundup (western part) 1.81

1999 Winter wheat 24.10.98 Stomp SC 1.01
24.10.98 DLG IPU 1.01
05.05.99 Puma Super 3.01
05.05.99 Isobette 021
18.05.99 Mentor 021
18.05.99 Express 0.0038 kg
18.05.99 Mantrac 500 051
18.05.99 Starane 180 0.051
14.06.99 Mavrik 2F 0.051
14.06.99 Amistar 041
14.06.99 Corbel 0.051
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