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1. INTRODUCTION
Thank you for choosing PARIO® from METER Group.
Please verify all instrument contents (see 1.3) shipped and appear in good condition.

This “Short Manual” is intended as a quick start-up for users that are familiar with the
sedimentation method, and used it so far as pipette method or hydrometer method.
Users that are inexperienced in performing sedimentation experiments for particle-size
analysis should refer to the respective operation protocols that are described in text-
books and method books, and to the extended PARIO® manual (which will be available
2018).

1.1 THEORY

Soil is subdivided in fine soil (< 2000 um) and gravel (> 2000 um). Fine soil again is
subdivided in sand, silt and loam. The limits of the particle fractions are defined
by equivalent diameters of the particles. These values vary depending on national

classification systems.

E.g. German classification:

Particle fraction Sand Silt Clay

Equivalent diameter [pm] 2000 - 63 63 -2 <2

E.g. American classification:

Particle fraction Sand Silt Clay

Equivalent diameter [pm] 2000 - 50 50-2 <2

PARIO® is an automated system for the particle-size analysis (PSA) for soils and
sediments. The particle-size distribution (PSD) of granular materials is obtained by the
sedimentation method, which identifies specifically the silt fractions with hydrodynamic
diameters between 63 pm (upper size limit) and 2 um (lower size limit). The clay fraction
is calculated by subtracting the externally measured sand fractions and the silt fraction
from the total amount of material used in the analysis. Data for sand fractions are
provided by a sieve analysis. Preferable, this analysis is obtained independently and
before PARIO® analysis from a splitted sample.

1.2 MEASUREMENT PRINCIPLE

PARIO® uses the PSD to derive the particle-size distribution (PSD) from the pressure
decrease at a measuring depth in a suspension. The theory of the method is published
by Durner et al. (2017). The article is open access and available here. The sedimentation
methodology follows the requirements of 1SO 11277,2009;1S0 13317,2001; ASTM,
2007 and is based on Stokes’ law. Stokes’ law indicates that particles of spherical shape
settle in a suspension with a characteristic velocity which is given by the fluid viscosity,


http://onlinelibrary.wiley.com/doi/10.1002/2016WR019830/epdf

the density difference between the particle material and the suspension fluid, and the
diameter of the particle.

The preparation of the suspension with the particles to be analyzed involves destruction
of organic matter and possibly binding agents, and dispersion of the material. This is
not described here, because the user does it in exactly the same way as he/she is used
to in the traditional methods. First-time users that are inexperienced in performing
sedimentation experiments for PSA are referred to the respective operation protocols
that are described in textbooks (e.g. Tan, 2005), methods monographs (e.g., Gee and Or,
2002), or normative documents (e.g., 1SO 13317-1,2001; ASTM, 2007), or to the extended
PARIO Manual.

1.3 SCOPE OF DELIVERY AND SYSTEM OVERVIEW
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The PARIO® measuring system consists of

« one PARIO® device,

« two glass sedimentation cylinders,

« oneplug,

« one download card for PARIO Control software.

The PARIO® device consists of a pressure sensor at the tip of a shaft, which is connected
to a measuring head. The shaft is submerged in a suspension with settling particles.

At the side of the pressure transducer is a temperature sensor. The pressure and
temperature signals are processed in the measuring head on top of the sedimentation
cylinder. The signals are transferred in digital format via an USB connection to a PC. In

data sampling mode, one data triple (time, pressure, temperature) is recorded every 10
seconds to the PC.



2. INITIAL OPERATIONS
2.1 INSTRUCTIONS FOR USE

The device must only be used in laboratories.

The device must be placed on a horizontal, vibration-free and solid surface.
Avoid direct sunlight exposure at any time!

Avoid placing below air-conditioning or a window with falling cold air.

Samples, device and suspension fluid must be equilibrated at room temperature.
Room temperature should be constant at + 1.5 °C. If possible, use a temperature-
controlled room or place sedimentation cylinders in a temperature-controlled
water bath.

oo~

temperature fluctuations. Temperature fluctuations will strongly affect the accuracy

I IMPORTANT: Points 2, 3, and 4 are all strictly required to avoid uncontrolled
of measurement results!

2.2 INSTALLING THE PARIO SOFTWARE AND HARDWARE

PARIO® requires an installation of the software PARIO Control and the PARIO® USB driver.
This installation package can be downloaded under www.metergroup.com/downloads/

pario

Install the software by selecting the “setup.exe” and following the installation routine
that guides you through the process. During this installation process the PARIO Control
Software and the PARIO® USB driver will be installed.

The PARIO® instrument must be connected to a computer with a Windows (at least
Windows 7) operating system, and the PARIO Control software during the whole
measurement period.

Multiple PARIO®s can be used simultaneously by connecting them to an USB hub (min.
USB 2.0, 500 mA per port).

2.3 BASIC SETTINGS

With the PARIO® instrument(s) connected to the PC, start the PARIO Control software by
double clicking on the respective icon. Upon connection to the PC, the LED rings of the
PARIO®s will shortly flash in white color. Connected PARIO®s will show a permanent white
light.

The PARIO Control software will pop up in a new window. In this window, first open the
menu point “settings” at the top right.

In the settings window, you can set various parameters, which will be applicable for all
subsequent individual measurements. The settings are categorized into three registries:
<General>, <Default Parameters>, <Sieve Classes>.

Duration and particle density are given as default values but can be changed for
individual configuration of the measurement.


http://www.metergroup.com/downloads/pario
http://www.metergroup.com/downloads/pario

Settings

General Sample Data

Measurement Data
Default Parameters

Duration 6 n
Sieve Data
Suspension Data
Admin Volume of suspension 10 L
Particle density 285/ ket
Mass of particles 305 ¢
Mass of dispersant 20[2] mg

Use default parameters for new measurements

Use changed parameters as default

[7] Start first time

Zmeas = cm

=N

2.4 ADVANCED SETTINGS

B IMPORTANT: These are settings which should not be changed by unexperienced users.

Settings Help

PARAMETERS

Status SAMPLE DATA ~
o

SIEVE DATA *

META DATA *

ADVANCED SETTINGS ~

Data Evaluation Parameters

TCRIT i s

Liguid expansion Pa/cC

103-GG-e-3 @ Pressure e fjt



relWeight P

Default: 1

Relative weight of pressure data class in
object function.

relWeight F

Default: 1

Relative weight of sieve data class in object
function.

Explanation:

In determining the particle-size distribution
by inverse modeling, the deviations between
measured and simulated pressure data

and between measured and simulated

sand fraction data must be simultaneously
minimized. The resulting object function

that is to be minimized contains thus data
with different units, magnitude and number.
PARIO® weights the individual data by an
internal weighing scheme. The user can
modify this default weighing by increasing the
importance of pressure data (relWeight P > 1)
or the importance of the sand fraction data
from sieving (relWeight F > 1). Increasing the
weight of one data type may improve the fit to
the respective data, but possibly worsen the
fit to the other data type.

TCRIT

Default 60 s

Time of first data point to be used in the
evaluation of the pressure time series.

Explanation:

PARIO® records data normally from 20 s on.
This early pressure decrease is affected by
particles of all sizes, including sand particles.
Using these earliest data thus contains
information from sand particles, which fall
very quickly, possibly in a turbulent manner,
which cannot be described by Stokes law.
Thus, if sand is in the sample to a considerable
part, the very first pressure data should not be
used in the PARIO® analysis.




Liquid Default: 1.3 Pa/°C  Explanation:

expansion The temperature during a sedimentation
analysis should be kept a constant as
possible. However, under some circumstances,
moderate temperature drift might occur
in a lab environment, which is recorded by
PARIO®. The PARIO® pressure sensor itself
is temperate compensated, but different
thermal expansion of liquid and solid parts
of the experimental setup will cause a
temperature drift of the pressure signals in
a certain depth. To compensate for thermal
expansion, PARIO® uses an experimentally
determined value of 1.3 Pa/°C (i.e., pressure
head change of 0.13 mm/°C).



2.5 LEDINDICATORS

The connected PARIO®s can be individually and simultaneously used to perform particle-
size analysis experiments. The status of the instrument is indicated by the LED light ring:

White flashing, 3x PARIO®has been detected by the computer

White permanent PARIO®has been detected by the PARIO Control
Software. The device can be configured for
measurement.

White flashing PARIO®is ready for measurement

Blue pulsing PARIO® measurement is in progress

Blue permanent PARIO® measurement is finished

Red permanent during firmware update

Red flashing Hardware error. Please contact vendor.

If the device does not flash white 3 times when it is connected to the computer please

skip to point 5.3 “Trouble shooting”.

10



3. PERFORMING A PARIO® MEASUREMENT

3.1 SOIL SAMPLE PREPARATION

Prepare the sedimentation experiment in a sedimentation cylinder in exactly the same
way as usually done for a pipette or hydrometer analysis. Preparation of the material
follows the user’s needs.

Typical steps encompass
o sievingto 2 mm,
« destruction of kitting substances,
« destruction of organic carbon,
« dispersion of the material,
« transfer of the dispersed slurry into a standard sedimentation cylinder (provided as
part of the PARIO® system by METER).

The amount of sediment to be used in a PARIO® experiment should be in the range 25 g
(material without sand) up to 50 g (material with much sand). If nothing is known about
sand content, we recommend to use 30 g dry weight. Be precise with respect to the dry
weight of the sedimenting material — the accuracy of the analysis depends on it!

Fill one cylinder with 1 liter of distilled room tempered water and cap it.

Give the soil sample into the second cylinder and use distilled room tempered water to fill
it up to the one liter mark.

11



3.2 SOFTWARE CONFIGURATION

Connect all used PARIO®s to the computer and start the software.
The devices should flash white. If not, reconnect and connect them again.

Select “New measurement”.

Following parameters are defaulted and can be changed manually if desired:
“Duration”:6 h
« “Particle density”:2.65 g/cm?

Following parameters have to be entered:

“Sample Name” -> file name will be automatically generated and can be changed
manually

“Volume of suspension”
« “Mass of particles”
“Mass of dispersant”

The values you have entered are saved as default settings for all following measurements.
Still they can be changed manually in the parameters or directly in the default settings at
any time. They can also be deactivated under “Settings”, “Use default parameters for new
measurement”.

When all necessary parameters are entered the status changes to green, a check mark
appears and the “start” button is selectable.

12



3.3 SETUPOVERVIEW

5

For performing a sedimentation analysis with PARIO® you need to place one cylinder
with the prepared soil sample and the other one with distilled room tempered water on a
plane surface. Insert the PARIO® in the distilled water for temperature equilibration and

connect it to the computer.

NOTE: Be sure that the suspension as well as the part of the device which is inserted
in the suspension have the same temperature.

13



3.4 STARTING AMEASUREMENT

-

To start a measurement, press the “start” button for the selected sample in the
“preparation window” of PARIO Control.

This initializes the Countdown for mixing. The countdown should be set to 60 sec
minimum time and can be configured in the general settings. During the countdown, mix
the suspension thoroughly. This can be done either by continued upside-down turning

of the cylinder (which must be covered with the included water tight plug) or by vigorous
vertical stirring with a suitable stirrer (typically a plate with openings at the end of a bar).

IMPORTANT: Be absolutely sure to prepare a homogeneous initial suspension because
the whole measurement depends on it. Any error in the homogenization will propagate
through the analysis and give wrong values.

IMPORTANT: Take particular care before the start of the mixing that no slurry is stuck
to the base of the cylinder. To bring this into suspension, use very vigorous shaking
and/or stirring and check it visually. This must be done before the countdown starts.

Stop the mixing exactly when the countdown reaches 0 seconds. In the case of overhead
shaking, place the sedimentation cylinder now at its final position for the measurement.
Now move the PARIO® from its parking position to the measuring cylinder. Before
inserting the PARIO® into the suspension, bring it for a moment to a horizontal orientation
(approx. 45°) which activates the automatic device detection in PARIO Control. Then
insert it into the suspension and make sure that the rim of the sedimentation cylinder is
in the nut of the PARIO®. The time from the end of the mixing until the final insertion of
the PARIO® should not exceed 30 s.

14



3.5 MEASUREMENT PROCESS

/N

From now on, PARIO Control will record a measurement data triple (time, pressure,
temperature) each 10 sec and depicts the recorded data graphically. The status line of
the running measurement is moved automatically from the list “Preparation” to the tab
“In Progress”.

For the operator, there is nothing to do now until the end of the measurement.
If multiple PARIO®s are used, the operator can now proceed with mixing the next

suspension. Switching windows in the PARIO® software will not affect the running
measurements.

15



3.6 END OF MEASUREMENT

FINSHED D) —\

/N

A measurement finishes automatically when the entered duration is over. Alternatively, a

user can stop a measurement any time by clicking on the respective button in the PARIO®
software.

When the measurement is stopped, it is listed in the tab “Finished”.

For short time storage (next measurement within a couple of days), just remove the
PARIO® from the suspension and place it again in the cylinder with distilled water. If
necessary, rinse the shaft of the PARIO® with a soft jet of water. Also, you might clean the
shaft with a soft cloth. For long term storage please mind outline point 5.1.

B IMPORTANT: Never touch the pressure sensor, which is shielded at the tip of the shaft.

16



3.7 DATA EVALUATION AND EXPORT

The evaluation of the measurement data follows the theory outlines in section 1. It is
performed at any time during the measurement or finally at the end after data recording
stopped.

PARIO Control provides for each measurement four output screens:
MEASURED DATA

Shows the recorded data of pressure and/or temperature versus time. Time axis
can be toggled between linear and logarithmic. Data can be shown either all,orin a
reduced amount (“logarithmic”, “power”).

After fitting the pressure decrease, additionally the fitted line is shown in
superposition to the data.

‘‘‘‘‘‘‘‘‘‘

PARTICLE DISTRIBUTION

This window shows the result of the analysis in form of the cumulative PSD, which
is available after fitting the data. IMPORTANT: The total cumulative PSD is only
correct, if the proper sieve fractions have been inserted to the respective data
window ahead of the fitting.

17



TEXTURE CLASS

Mensured Data Particle Distribution Texture Classes Soil Triangle a

ppppp Mom] Maxfur] Voo [ Weig[]

SOILTRIANGLE

Sand 2% . peicksed Wnlal Vel Vo[ Weigt

SANDY
cLay

SANDY
CLAY LOAM

20
LOAM

0 SANDY LOAM

LOAMY
SAND  SAND

The recorded measurement data and test results are automatically saved and stored
after each measurement run on the specified directory in the specified files. File names
are composed by the user-specified main name and a generic file name ending (“.den”) in
a binary format.

These can be exported by spreadsheet programs such as MS-Excel®. Diagrams can be
exported as an image in the .jpg format.
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4. TYPICALMEASUREMENT RESULTS

4.1 EXAMPLE SILT LOAM

Typical measurement of silt loam sedimentation.

| a3l A New Measurement B Open Measurement Setings | Help |
> PREPARATION  {D IN PROGRESS ([ FINISHED @D PARAMETERS
Sample Name File name Status o
SAMPLE DATA ~
25BAW000S_63um_3 E\CloudStorage\DropbolUMSIUMS PARIO\Daten\UMS Sara\Tests\Sara's meas. 9
v Measurement Data
SAMPLE: 25gBAW0009_63um_3 Save
Sample name 25gBAW0009_63um_3
Measured Data Particle Distribution Texture Classes Soil Triangle || File name E:\CloudStorage\Dra I
Duration 200 n
@ Pressure Fit
1944 |
- | Suspension Data
1042 £ =
- ; Volume of suspension 1000 L
1040 £ J
F 4 Particle density 2657 kgL
e, E Mass of particles 19215 g
™ 3 =
o 1936 = Mass of dispersant 105 g
=5 =
2 = SIEVE DATA -
o 1934 4 3 &
e (B E icle size class Min[um]  MWax[um] Value [%] Weight[] *
1932 e
[= -] Jarsesand 630 2000 05 1
1930 - =
E 3 e sand 200 60 2 -
1928 -+ =
S -~ g S—8— 1 cand &2 o 15 1 >
1926 1L 1 1 e S S - TR Y s >
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 ADVANCED SETTINGS &
Time [s]
< >
Samnlinn morde Power series. v

| &l A New Measurement Bs Open Measurement
> PREPARATION (D INPROGRESS (D FinisHED (@D PARAMETERS
Sample Hame File name Status i
SAMPLE DATA &
25gBAW0009_63um 3 E\CloudStorage\Dropbox\UMSIUMS PARIO\Daten\UMS Sara\Tests\Sara's meas. . o
v Measurement Data
SAMPLE: 25gBAW0009_63um_3 Save
Sample name 25gBAW0009_63um_3
Measured Data Texture Classes Soil Triangle ] File name E:\CloudStorage\Dro fis
Duration 20 n
- — °
MAX-LIKELI P25 P97.5 CDF
: - Suspension Data
i ¢ + Volume of suspension 1.0005 L
: : : : Particle density 26515 kgl
- 3 3 E E Mass of particles 1925 g
@ i i H H
2 2
g | i i T Wass of dispersant 103 g
4 i i g s
£ : : : : SIEVE DATA ~
© | | H H
2 i | H H jcke size class Minfpml  Max[uml Value[%] Weightl] ™
£ i ] i i ]
= : H : 1 H 1
E ' ' i i i jarse Sand 830 2000 0.5 1
T ] : : i i
0.2 § ; 2 0 i 2 ddle Sand 200 630 2 -
i i k i 4 e Sand [:x) o0 15 1 M
| H | H H = 2
0.0 \ T : : T i i 7 ADVANCED SETTINGS ~
63 1o % 8 100 200 630 1000 2000
Particle diameter [um]
Samnlinn mnde Power series o
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ES Open Measurement

> PREPARATION (D INPROGRESS ([ FINISHED (@D PARAMETERS
Sample Name File name Status. A fe
SAMPLE DATA &
25gBAW0000_63um_3 E:\CloudStorage\Dropbox\UMS\UMS PARIO\DatenUMS Sara\Tests\ara's meas... 9 m
v Measurement Data

SAMPLE: 25gBAWD009_63um_3
Sample name 25BAW0009_63um_3

Measured Data Particle Distribution Texture Classes soil Triangle ] File name E:\CloudStorage\Dra fs |

Duration
Distribution:

Suspension Data
Sand: 18 %
Silt: % Volume of suspension |
Clay: 12 % Particle density

Wass of particles

Mass of dispersant

SIEVE DATA F
cle size class Minfum]  Max[um] Value [%] Weight[] ™
arse Sand 630 2000 0.5 1
ddle Sand 200 830 2 -
& Sand /3 200 96 1 ™
< >
% SAND
ADVANCED SETTINGS 2
US Soil Taxonomy e
Samnlina mnde Power series 2 v
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5. MAINTENANCE AND SERVICE

5.1 STORAGE

Short term storage (few days)

The pressure transducer of PARIO® is ultra-sensitive. Thus, it is strongly recommended
to have the PARIO® placed at all times in a sedimentation cylinder that contains one liter
volume of degassed distilled water, equilibrated to the room temperature.

Long term storage

If the PARIO® system is not used for a longer time period, it is recommended to clear all
parts of the device with water in order to prevent the formation of algae. Then store the
device in a dry state.

5.2 CLEANING

The exterior of the PARIO® can be wiped with a damp cloth. Avoid drying of pools of water,
since this will lead to salt precipitates. If fine soil and sand grains are deposited in socket
and sediment into the base at the end of a measuring campaign, clean the entire base
under a gentle spray of water. Take care not to hurt the pressure transducer, by avoiding
contact with hard sharp objects or a strong water jet.

5.3 TROUBLE SHOOTING

PROBLEM CAUSE / SOLUTION
No white flashing 3 times 1. PARIO®is not connected to the computer.
when connected. 2. Disconnect the USB and connect it again.

3. Check the PC’s Device Manager to see if PARIO®
PC does not recognize the USB driver is installed correctly. Install the PARIO®
device USB driver again if necessary.

4. Start the PARIO Control software again.

5. USB hub has not enough power

Start of measurement has 1. Close the countdown window

not been recognized au- 2. Place the device back into the cylinder with dis-
tomatically by inserting tilled water

the device into the sample 3. Press “Start” and homogenize the sample again.
cylinder.

Computer goes to standby 1. Deactivate the Standby mode in the settings of
mode and measurement your computer and start the measurement again.
was interrupted.
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5.4 CUSTOMER SUPPORT
Have a question or problem?

Our support team can help. We manufacture, test, calibrate, and repair every instrument
in house. Our scientists and technicians use the instruments every day in our product
testing lab. No matter what your question is, we have someone who can help you answer
it.

Contact our customer service representatives with questions, problems, or feedback:
support.environment@metergroup.com
sales.environment@metergroup.com

Phone GER: +49 126652-0
Phone USA: +1 509.332.5600

If contacting METER by email or fax, please include: name, address, phone, fax number,

instrument serial number, and a description of the problem.
For instruments purchased through a distributor, please contact them for assistance.

22



6. FACTS & DATA

6.1 TECHNICAL SPECIFICATIONS

Range of Particle Sizes 63 pumto 1 um
Approximate error in mass fraction de- +/-3%
tection

Accuracy of pressure measurement 0.1 Pa

Typical particle mass

25to 40 g/ 1 litre suspension

Typical duration of measurement

6 hours

Measuring interval

10s

Operating temperature range

15°Cto35°C

Max. tolerable temperature change du- 3°C

ring measurement

Volume of suspension 1000 cm?®
Height of sedimentation cylinder 35cm
Power requirement 1T mW
Warranty 12 months

Required external measurements

6.2 EFFECT OF TEMPERATURE

Gravimetric sand fractions

The viscosity of water is highly temperature dependent. Dynamic viscosity can be
approximated by the functiony = 0.0007 T2 - 0.0531T + 1.764 (r 2 = 0.9996), where
Tis given in °C.Table 1 lists some characteristic values of the viscosity at various

temperatures.

Temperature in °C

10 15 20 25

Dynamic viscosity of pure
water [mPa s], at 1 bar

1.518 1.306 1.137 1.001 0.894

PARIO Control records the temperature during a run and calculates additionally the mean
temperature from it. Settling velocity is calculated for a constant particle density of 2.65
g/cm?® and a viscosity and density of water that is temperature-dependent.

23



The measurement can also be stopped manually by the operator at any time before the
automatic stop is reached.

6.3 EFFECT OF GAS BUBBLES

Gas bubbles may occur when the water in the suspension is not equilibrated with the air
at ambient temperature. Gas bubbles at the pressure transducer will affect its reading,
and air bubbles somewhere else in the system that stick to liquid/solid interfaces may
led to bias in the weight of the water column above the measuring depth. Thus, gas
bubbles should be avoided. To avoid gas bubble formation, use slightly degassed water,
e.g., by heating the deionized water prior to its use in preparing the suspension.

6.4 ACCESSORIES

PARIO® plug Order code: 020651

PARIO® glass sedimentation cylinder Order code: 020650

6.5 TERMSAND CONDITION

PARIO® has a one-year warranty on parts and labor. The warranty is automatically
validated upon receipt of the instrument. Fulfillment takes place at Munich, Mettlacher
Strafle 8.
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