








Evaluation

- The relatively uniform decrease in the water content with increasing pF and
the drop of the relatively flat K data is characteristic of clays having a wide
pore size distribution.

- The addition of the data point on the bubble point of the ceramic tip (po-
wer users only) fits very well with the independent, measured WP4 data
points, and extends the range considerably.

- As a model to describe the data a bimodal function is needed.
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Clayey silt (Ut3)
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Site: GroB-Gleidingen near Braunschweig; soil type: clayey silt (S: 1%, U: 82%, T:17%); measurements: Prak-
fikum Bodenphysik at TU Braunschweig, 2010. Evaporation: 14 mm/d using a fan. Temperature: 20°C

Description of the measuring process
The measurement process is typical of a very fine grained substrate.

The water tensions rise spontaneously immediately after the start of mea-
surement, steeply and continuously. This reflects a very small proportion of
coarse pores. pF 2.0 is reached (under the given conditions with fan) after
a few hours. The loss of water to pF 2 is only about 4%.

The "spikes" at the beginning of the measurements shows the discontinuous
access of air penetrating into the sail.

From 100 hPa (pF 2.0), the first parallel tensio shafts are far enough away to
allow for the determination of hydraulic conductivities.

- Both tensio shafts rise unabated with the passage of time and failed relatively
soon. The clayey silt has few large middle pore, the finer middle pore region is
in the time of failure sfill filled with water, the water content is therefore high.
The spread of the tension values is moderate over the entire measuring
process, which indicates a relatively high unsafurated conductivity.

The measurement is completed due to the failure of the upper tensio shaft
after less than one day. At this fime the sample has lost about 20% water.
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Evaluation
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- The inifially flat and then gefting steeper drop down in the water water
content with increasing pF is characteristic of very fine grained and clay

substrates.

- The hydraulic conductivity at pF 2 is very high, but the curve then is even
more steep than in the case of clay.
- The description of the data with models is not a problem, however in dry
areas completely unsure. Suitable models are e.g. the van Genuchten
model, or Kosugi model.
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Slightly loamy Sand (S12)

Site: METER, soil type: slightly loamy sand (S: 1%, U: 82%, T: 17%), measurements at METER Soillab,
Evaporation: 5.7 mm/d, temperature: 23°C

Description of the measuring process
The measurement process is typical of sand with low fines
The water tensions rise spontaneously immediately after the start of measu-
rement, until they reach a level that corresponds to the bubble point. In this
case it is about 30 cm (pF 1.5).
Small "spikes" at the beginning of the measurements indicate that the airis not
uniform but occur in the system in jerks. This will be shown in the evaluation of
the retention curve.
The fensio shafts run for a long time completely in parallel, and differ only
around a hydrostatic pressure difference of 2.5 hPa .
Only after the main pores are being drained, the upper tensio shaft value
initially rises exponentially. The tensio shaft failed very quickly, and the air entry
point of the ceramic tip is reached shortly, while the lower tensio shaft is still in
the regular measuring range.
The difference of the fensions is suitable only after reaching the exponential
rise, that hydraulic conductivities can be calculated.
The measurement is completed due to the failure of the upper tensio shaft
after aloss of almost 30% water.
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The additional data in the dry zone were measured by Lisa Heise within their thesis at TU Braun-
schweig /METER Munich using a device made by Decagon (WP4C). They are documented in Heise's
thesis (http://www.soil.tubs.de/mitarbeiter/dipl_detail.php? id=78).

- The pronounced air entry point and the steep drop down of the retention
curve after reaching the air entfry point is characteristic of the sand.

- The hydraulic conductivity can be determined only from pF 2.0, and then
drops down steeply.

- Suitable models for data description are the Fayer-Simmons model, or the
bimodal model to describe the subsequent drop of the retention values
towards dehydration.

94 | Addendum



Pure fine and middle sand (Ss)
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Material: packed quartz sand particle size: 0.1 bis 0.3 mm, soil type: sandy sand (S: 100%, U: 0%, T:
0%). site: Bodenphysikalisches Labor, TU Braunschweig, evaporation: 1.4 mm/d, temperature: 22°C

Description of the measuring process
The measurement process is typical of sand with narrow particle size distri-
bution and without fines

- The tension rise spontaneously immediately after the start of measurement,
unftil they reach a level that corresponds to the bubble point. In this case it
is about 50 cm (pF 1.7).
The tensio shafts run for a long time completely in parallel, and differ only
around a hydrostatic pressure difference of 2.5 hPa.
After draining the main pore portion the fensio shaft value of the upper fen-
sio shaft rises extremely steep. The failure of the tensio shaft is now very quick.
The lower tensio shaft is at the end of the measurement still completely
unaffected by the extreme dehydration front, the difference of water ten-
sions is very high.
Hydraulic conductivities can be calculated only for a short period of fime.
The measurement is completed due to the failure of the upper tensio shaft
after removal of 35% water
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- The very sharply defined bubble point and the extremely steep drop in
the retention curve after reaching the air entry point is characteristic of
pure sand with a uniform grain size.

- The hydraulic conductivity can be determined only within a very narrow

tension intervall, and drops down very steeply.

- Suitable models are the data description Brooks Corey model, the van
Genuchten model of free parameter m or the Simmons-Fayer model.

Standard pF curves

pF-WC/Retention curve
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Standard pF curves
(courtesy of Dr. Uwe Schindler,
ZALF Muencheberg)



Sample treatment for WP4 measurements
after a HYPROP measurement

Prepare four WP4 cups as well as the
related lids.

Push the soil sample - similar to a plunger
—in half inch steps out of the sample ring
and cut off the protruding soil piece. Let it
drop intfo an aluminum fray.

Fill the first WP4 cup with sample material
—maximum half of the cup. Close the cup
immediately.

Repeat these steps for cup 2, 3 and 4.
Seal the cups carefully with duck tape.

Dry the remaining soil from the fray in a
drying chamber. Take it out and let it cool
down in a desiccator. Weigh it.

Measure the samples in the WP4 device
according to its manual.

Weigh the wet samples immediately after
measuring in the WP4.

Put the WP4 samples into an oven and

let them dry several hours at 105 °C until
equilibrium is achieved. Take it out and let
it cool down in a desiccator. Weigh it.
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Add the dry mass of the WP4 samples to ﬁ Information ﬁ Measurements @ Evaluation

the dry mass of the remaining sample and Calouiation of water content 2dd
enter this fotal mass in HYPROP-FIT in the culation of waler contents T "

i "Ryeliusiian® @) From dry soil weight [g]: |
(EGSISTEEORAHon™s () From given initial water contert [Vol %]

() Estimation of initial water content

pFH

Add WP4 data poirts

Enter the WP4 value of pF, gross wet mass GO gy T Weightng WAter  water
(wet soil + cup), gross dry mass (dry soil PFH  wetmess ool PO facor e comen
+ cup) and tare mass (cup only) in the ‘ ‘ [ [ ‘ [ |
register “Evaluation” and the table “Add
WP4 data points”. This can be done by

cut and paste from a spreadsheet.

The gravimetric water contents are
calculated automatically, converted into
volumetric water contents, and added
to the graphics. When fitting the hydraulic
properties these data have the same
weighing factor as the HYPROP data.
Power user may change this factor.

Units for soil water and matrix potentials

pF  hPa kPa=J/kg MPa bar psi ol F

1 -10 -1 -0.001 | -0.01 -0.15 99.9993
FC field capacity 1.8 |-62 -6.2 -0.006 | -0.06 -0.89 99.998

2 -100 -10 -0.01 |-0.1 -1.45 99.9926
Standard measuring range 2.9 | ca. 850 -85 -0,085 | -0.85 -12.3
of tensiometers

) -1,000 -100 -0.1 -1 -14.5 99.9261

4 -10,000 -1,000 -1.0 -10 -145.0 99.2638
Permanent wilting point 4.2 |-15,000 -1,500 -1.5 -15 -219.5 98.8977

-100,000 -10,000 -10 -100 -1450.4 | 92.8772

Air dry, 6 -1,000,000 |[-100,000 |-100 |-1,000 |-1450.4 |47.7632
depending on air humidity
Oven-dry 7 -10,000,000 | -1,000,000 | -1,000 |-10,000 | -1450.38 | 0.0618

Note: 0.981 kPa corresponds to 10 cm water column
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Facts and figures

Technical data

Sensor unit

Material
Dimensions

Fiber glass reinforced Polyamide
Height 60 mm, @ 80 mm

Tensio shafts
Ceramic
Shaft material
Total length

AlLQO, sinfer, bubble point > 200 kPa; @ 5 mm
Acrylic glass; @ 5 mm

Small tensio shaft: 31 mm

Big tensio shaft: 56 mm

Measuring range
Pressure tfransducer

-3.0 ... 3000 hPa (-0.3 ... 300 kPa), electronic

Temperature -30...70°C

Accuracy

Pressure +2,5hPa/d=0,05hPa (+100 ... -500 hPa)
Temperature +0,2K (at-10...30°C) /d=0,01 K

Power supply

Voltage
Current

6...10V DC
6 mA nominal, 15 mA max.

Chemical resistance

pH range pH3 ... pHI10,
Limited to media that do not affect silicon,
fluorosilicone, EPDM, PMMA or polyetherimide
Protection

Housing with covered plug

IP65 splash water proof

Sensor units

Number of sensor units 20
supported by tensioLINK

HYPROP balance

Connection to computer usB
Weighing range 2200 g
Readout 0.01g
Reproducibility 0.01 g
Linearity 0.01g
Adjustment internally
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