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1 System Description

The Equi-pF Automated Moisture Release Curve Apparatus is designed to obtain soil water content-soil water tension relationship at the wetter end of the pF curve (0-100 cm tension). Once the soil sample is placed on the instrument all the measurements are done automatically. 
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A full description of how Equi-pF works is provided in Appendix A.

2 Operating Conditions 

Safety:
The unit should be firmly secured to the floor or wall to prevent the risk of it toppling over. If required a solid stool or step-ladder should be used to enable access to the water reservoir.

Temperature and humidity:
Operating conditions should not exceed 40° C or 90% humidity.

Environment:
Do not immerse or spray with water.

Cleaning:
Wipe clean with a soft, damp cloth using a weak
detergent solution.  Never use cleaning fluid, alcohol, petrol (gas) or other chemicals.

3 Unpacking the Unit

Carefully remove the Equi-pF unit from the packing crate and stand it up.  The crate should contain the following items:

· Equi-pF Unit

· This Manual

· CD with PC Software

· Cable to connect Equi-pF to the PC Serial Port

· 3 Sample rings (50 mm, 35 mm and 20 mm high)

· Spares and maintenance kit

Remove protective packing (by Measurement Head etc).


Check for any damage in transit or missing parts and in the unlikely event of either report these immediately to Streat Instruments or their representative.

4 Power Supply for the Equi-pF

The primary source of power for Equi-pF is the mains supply.  However, because the experiment can often take several days to complete, battery backup is provided in case the mains power fails during the experiment.
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Name:  Accusand 60/50 Feb 30

Saturation time limit:  60  min

Sample Height:  50mm

Status:  Drying

Step: 3 of 5

Sequence:  1 of 2

Because this type of battery cannot be shipped internationally, it must be purchased locally.  The battery is a 1.2 amp-hour sealed lead acid type, with dimensions of approximately 95 x 40 x 50mm.

To install the battery, first locate the battery connections near the on-off switch (see photo).  Push the connections onto the battery, taking care to connect the red wire to the positive battery terminal.  The battery can then be put in its place or behind the power supply block.

[image: image9.jpg]


[image: image10.jpg]


[image: image11.jpg]



[image: image12.jpg]



Equi-pF will operate correctly if there is no battery installed, (though this is not recommended) but the experiment will be interrupted if the mains power fails. Data will not be lost in this case,  and can be downloaded after power is restored.

If the mains power does become disconnected at any time, Equi-pF will beep every 5 seconds to alert you of this.

5 Equi-pF PC Software Installation

The Equi-pF PC Software provides the operator interface for the system and transfers all data to Microsoft Excel for graphing.

5.1 Install the Microsoft.NET Environment

The Microsoft .NET runtime environment must be installed on your PC before installing the Equi-pF software.  Simply double-click on the file dotnetfx.exe in the Microsoft .NET folder on the Equi-pF PC Software CD and follow the prompts.

5.2 Install the Equi-pF PC Software

After the .NET framework has been installed, you can install the Equi-pF PC software. In the folder Equi-pF PC Software on the Equi-pF PC Software CD, double-click on Setup.exe, and follow the prompts.

5.3 Connecting Equi-pF to the PC

Use the cable supplied to connect Equi-pF to the serial port on the PC.  The connector on Equi-pF is under the front panel. To keep the cable clear of the sample, run the cable over the hook provided (see photo below).

If your PC does not have a serial port you will need to use a USB to Serial adapter to provide your computer with a virtual serial port.  These are generally available from computer supply shops. 
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6 Making a Measurement of a Soil Sample
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The Equi-pF Automated Moisture Release Curve Apparatus system is shown in the schematic below. 

Operation of the system is a simple four step process:

· Set up the Equi-pF to make it ready for the experiment

· Prepare and load the sample

· Set the test parameters on the PC

· Start the test

6.1 Set up the Equi-pF

· Water Level. The tank must be filled so that the ball in the sight glass is at the "Minimum" level or above before the experiment begins.

· Check the porous plate. If the instrument has not been used recently, or is new, the porous plate must first be wetted thoroughly. See the first item in Appendix B for details.

· Empty the drip tray. This is the drawer right at the bottom of the instrument, which catches water that is used to purge the tubing, and removed from the sample. Carefully remove this and empty it into a container before starting the experiment.

6.2 Prepare and Load the Core Sample

As with any soil core sample extreme care needs to be taken when taking the sample in the field to ensure it is a representative sample.  Standard procedures should be followed for this.

Depending on the soil type different height Sample Rings can be used.  Equi-pF is supplied with three different height rings:

· 50 mm for coarse sand

· 35 mm for sandy or silty loams

· 20 mm for clay soils

Once the sample has been taken in the field, the Sample Ring complete with sample can be loaded onto the Equi-pF Sample Table.

A perfect seal between the Sample Ring and the porous plate is essential.  Make sure the soil is very flat at the bottom of the Sample Ring and that no air cavities are present.
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Place the Sample Ring on a level surface, and slip the rubber Sealing Ring around the tube, with the thin edge of the ring uppermost.  Push the ring down evenly so that it is right down on the surface.
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Now transfer the Sample Ring (with Sealing Ring in place) to the Sample Table.  Make sure it is centred on the porous plate.
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Slip the Clamping Ring over the rubber Sealing Ring, rotate the four Locking Dogs into position, and tighten the four Locking Screws until the Clamping Ring is pushed right down onto the Sample Table.

Finally, place the plastic cover plate on top of the sample to prevent evaporation of water from the sample surface during the experiment.

6.2.1  Using Sample Rings with Diameter Less than 100mm
If it is necessary to use sample rings of a smaller diameter than 100mm, please see Appendix C for details
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Set the Test Parameters from the PC

The Equi-pF PC software allows the parameters for the experiment to be chosen, and then uploaded into the instrument.  Up to 12 suction steps can be programmed, between 1 and 100 cm.  In addition, each of these has an independent time limit associated with it.  

If there has been no water movement (ie less than 0.1ml) within the time limit for this suction step, the system is considered to be at equilibrium, and the measurement head moves on to the next suction step in the sequence.

The simplest experiment will consist of 1 sequence, which will be a series of suctions steps which progressively remove moisture form the soil sample. However, if the hysteresis of the release curve is to be studied, a wetting sequence can also be programmed, so that after the final drying step, the measurement head is raised to lesser suctions, and the soil absorbs water again. 

The most complex experiment will consist of 6 sequences, 3 drying and 3 wetting. In most normal circumstances, however, an experiment will consist of just 1 or 2 sequences.

In addition to the suction steps and timeout limits, the following must also be set for the experiment:

· A name for this experimental run, to uniquely identify the data produced by this experiment. This can be any combination of characters, maximum length 20.

· Sample height. This is the height of the Sample Ring in cm. The Sample Rings supplied with Equi-pF are 2, 3.5 and 5cm high

· Saturation time limit. Similar to the step time limits, this is the time limit that is applied during the saturation phase of the experiment

A "Defaults" button can be clicked to initialise the experimental parameters to sensible values. However, the choice of time limits will be determined to a large extent by the soil type. Coarse, sandy soils will reach equilibrium faster than fine, clay-rich soils. If in doubt, make the time limits longer, rather than shorter - you can always use the bypass button to end a suction step if the graph indicates that the system has come to equilibrium (see the section on Equi-pF displays, below)

The parameters are uploaded into the instrument by clicking the Program button. 

If desired, the existing parameters can be downloaded from the instrument to the PC by clicking the Get Settings button. These can also be used as the basis for a new set of parameters by clicking the Current >> New button.

6.3 Start the experiment

After the parameters have been uploaded into Equi-pF, the instrument will wait until the Start key is pressed.  Equi-pF will then begin its purging regime, then saturate the sample, then perform the drying and wetting sequences.

6.4 Equi-pF Displays

During the saturating, drying and wetting steps, the Display key can be used to view a range of information on the screen.  The Display key is used to select one of three possible screen displays.

Screen 1:  Current Suction Step

This screen gives information about the flow of water during the current suction step.
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As the experiment progresses, the curve will get flatter and flatter until equilibrium is reached.  If this suction step has not completed as a result of the Time Limit being exceeded, and you believe equilibrium has been reached, you may press the Bypass key to move on to the next suction step. This applies to the saturating stage as well as the drying and wetting suction steps.

Screen 2:  Cumulative outflow curve for this sequence
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This screen shows the outflow (or inflow, if it’s a wetting sequence) curve for all suction steps completed so far in the current sequence.

Screen 3:  Information Screen

The information screen displays the parameters and the progress of the experiment.
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Note that the Information screen is automatically re-written at the beginning of each suction step.  The two graphing screens do not however automatically update - they must be redrawn manually as needed, using the Display button.

6.5 Bypassing a Suction Step

The Bypass key can be pressed at any time during saturating, drying or wetting, to cause the experiment to move on to the next suction step.  Be sure that the system has come to equilibrium before you do this.

6.6 Aborting the experiment

The experiment may be terminated before it has completed all of the sequences that were programmed.  To guard against this being done accidentally, this can not be done from the front panel keys – it must be done from the PC software, by clicking the Abort button

6.7 Downloading the data

After the experiment has been completed, the data can be downloaded to a PC using the Equi-pF PC software.

Use the "Download Release Curve Data" button at the top left of the window to download the release curve data. You will be asked for a filename and location for this data, which will be stored in .csv (comma-separated variable) format.

Make a copy of the spreadsheet Equi-pF Moisture Release Curve Master.xls to use for this experiment. This Master spreadsheet can be found in c:\ProgramFiles\Streat Instruments\Equi-pF, in My Documents\Equi-pF, and also on the Equi-pF PC Software CD.  The Master is a read-only file to protect it from inadvertent alteration. You will need to write-enable your copy (right-click, choose Properties, and uncheck Read-only). Open your copy of this spreadsheet

Now open the .csv file you created after the download by double clicking on it - this should open the file in Excel. Highlight the entire worksheet by clicking in the top left corner, and copy the contents to the clipboard. Switch to the Equi-pF Moisture Release Curve spreadsheet and select the worksheet "Experimental Data". Put the cursor in the cell A1, and paste the data from the spreadsheet
If you want to study the hydraulic conductivity of your soil sample, click on the Download Hydraulic Conductivity Data button. This will create another .csv file, which records the time in seconds it has taken for each 0.1ml unit of water to be extracted for each suction step.  From this data you may derive the hydraulic conductivity using various methodologies currently available.

Obtaining the Final Moisture Content of the Sample

When the experiment is completed, the final volumetric moisture content of the sample must be measured, so that the Equi-pF Release Curve.xls spreadsheet can calculate the moisture content that was present at the end of each suction step.

Carefully remove the sample from the sample table, taking care not to lose any of the soil. Weigh the sample accurately, and then dry it in a suitable oven until all the moisture has been driven off. The end point should be determined by weighing the sample, then returning it to the oven for a further period, and weighing it again. Repeat this process until the last two weights are the same. (This will indicate that there is no more water to be driven off).

Enter the wet and dry weights into the appropriate cells on the "Enter Final Weights Here" worksheet in the Equi-pF Moisture Release Curve.xls spreadsheet.

After this step has been completed, the moisture release curves will appear on the "Chart" worksheet of the Equi-pF Moisture Release Curve Spreadsheet.

Appendix A    How Equi-pF Works

Equi-pF completely automates the Moisture Release Curve process as follows:

· A hanging water column (refer to Fig A-1) applies tension to the soil sample through a porous ceramic plate.

· A calibrated horizontal capillary tube (the Measurement Head) is attached to the end of the hanging water column.

· Water movement to and from the soil sample is measured when the water meniscus in this capillary tube travels across a series of infrared light beams as shown in Fig A-2. (one segment = 0.1 ml)

· The water meniscus moves towards the left during a drying sequence. It moves towards the right during wetting.  
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A Soil sample will go through four stages to complete a normal soil water retention curve with one drying and one wetting sequence.

1. Purging the equipment to remove air from the tubing

2. Saturating the sample

3. Drying sequence

4. Wetting sequence

A sequence is a succession of between 1 and 12 suction steps.

A.1 Purging

The purging cycle is comprehensive, to ensure that no air is trapped in the equipment. It goes through the following steps:

· Fill the main tube from the tank. 
Tank and Drain solenoids are open.  This will take about 5 minutes. Water will drip out of the Drain Flow Restrictor (underneath the bottom cover), and also flow from the end of the measurement tube and into the drain hole. The blue LEDs in the measurement head should be constantly lit (not flashing) to show that the tube is full of water. If air bubbles are still present in the measurement tube, the LEDs will appear to flash as the bubbles come past the infrared detectors.

· Clear all the air from under the sample table. 
The measurement head goes up to its highest position. The Tank,  Sample and  Air solenoids are open. This will take about 5 minutes. The progress can be watched by looking from under the sample table. All air should be purged by the time this step ends. If a few small bubbles remain, however, this will not affect the operation of the experiment.  If a lot of air remains, this may be because the plate was not properly wet at the start of the experiment.  To fix this, the purging cycle can be repeated by turning off the power at the On-Off switch, then turning the power back on and pushing the Start key again.


· Clear all air from the Measurement tube. 
Water should flow from the end of the measurement tube and drip onto the drain hole. Then, a succession of 10 empty/fill cycles will occur at the sample tube.  Finally, the tube will be filled and water will flow from its exit again.

A.2 Saturating

The measurement head will go to the top of the sample to saturate the soil. Note that because the meniscus in the glass measurement tube causes a suction equivalent to 9mm water height, the measurement tube is raised to 9mm above the level of the sample top. The measurement tube is first filled by opening the Tank valve, then the water in the tube is allowed to flow into the sample by closing the Tank valve and opening the Sample valve, until the tube is empty. 

This process is repeated until the system has come to equilibrium, ie until it takes longer than "Saturation Time Limit" minutes for one segment (0.1ml, or 1 blue LED) of the tube to be emptied.

If the Display key is pressed for 1 beep, the  screen will show the progress of the water flow against time. If this curve becomes flat, it will mean that the system is in equilibrium, and the Bypass key can be pressed to continue the experiment.

Note that under certain conditions (eg when the tube is filling), the Busy LED will light for a few seconds. Equi-pF will not respond to keystrokes or computer commands during this period.

A.3 Drying and wetting

During drying and wetting, the height of zero suction is defined to be a the top of the porous plate.  Once again, allowance is also made for the suction of the water meniscus in the measuring tube, so that for example, if the suction is set to 10cm, the measuring tube will go down to 100 - 9 mm below the surface of the porous plate.

In the drying steps, the Sample valve is opened and water is extracted from the sample into the measurement tube. When the tube becomes full, the Sample valve is closed, and the Drain valve opened to empty the tube into the drain, through the Drain Flow Restrictor.

For the wetting steps, the operation of the valves is the same as for saturating.

The system will stay at each suction step until the time taken for the water volume in the tube to change by 1 segment is greater than the Time Limit for this suction step, or until the bypass key is pressed. As for saturating, the graph of water flow against time can be viewed to determine if the system has come to equilibrium.

As the experiment progresses through the suction steps, a graph showing the water extracted at each step may be viewed by holding the Display key pressed for two beeps.

At the start of each new suction step, the measurement tube will be purged again for a few seconds. Water will flow and fall into the drain hole during this time.

Appendix B  Tips for maximising performance

· The most important thing to bear in mind when setting up and using Equi-pF is to ensure that no air is trapped anywhere in the water tubing and elsewhere. Normally the purging cycle will remove any air from the tubing, but air can also be hidden within the porous plate. If this is the first time the Equi-pF has been used, or if it has been idle for some time and the plate has dried out, it is essential to fully wet the plate before beginning an experiment. This is best achieved by placing several layers of filter paper or tissue paper (standard household tissues will work well) and saturating these with clean water. Keep adding extra water as the porous plate soaks the water up. Keep the tissues wet for at least two hours. Preferably, leave the plate to soak overnight.  Only after this should the sample be loaded.  If there is still air in the plate when the experiment is in progress, you will see small bubbles appear underneath the plate.

· Observe the underside of the plate, and any visible tubing during the purging cycle. If any air bubbles are visible at the end of the purging cycle, the purging should be repeated. This is best achieved, by switching the power off, then on at the on-off switch, and pressing the Start key again.

· Occasionally, when filling the tank for the first time, or if the tank accidentally runs dry during an experiment, a bubble of air can get trapped in the tube leading to the sight glass. This will result in the ball in the sight glass indicating a higher water level than it should. It is a good idea to inspect the tube leading to the sight glass periodically. If an air bubble is noted, disconnect the sight glass tube (see appendix C for details) and clear all the water from it, before reconnecting.

· The seal between the sample ring and the porous plate must be very good, so that there is no leakage of air or water. Always make sure there are no soil particles between the rubber and the porous plate - make sure the plate and surrounding table is completely clean before lowering the sample down into place.

· There is a flow restrictor just under the tank, and another by the drain solenoid under the bottom cover. The purpose of these is to make sure the water does not travel too fast in the measurement tube during emptying or filling. If the water is not well filtered, and contains contaminating particles, these restrictors can become blocked. The condition of the flow restrictors can easily be checked during the final part of the purging cycle, when the water fills and empties the measurement tube 10 times in succession.  . The measurement tube should take between 10 and 20 seconds to empty, and between 2 and 5 seconds to fill.  If it takes considerably longer than this, the flow restrictors should be cleaned out. This is described Appendix C

· Always make sure that the tank is properly filled before the start of an experiment, because if it becomes empty, air will enter the apparatus and the data will become invalid. The ball in the sight glass should be at or above the "Minimum" mark before the experiment begins.

· Always use clean, preferably filtered water to fill the tank.

· Keep tank lid closed to stop dust getting into tank

· If one of the flow restrictors becomes blocked, or if the tank is allowed to become empty during an experiment, Equi-pF will appear to freeze in the middle of a tube-filling or tube-emptying operation. The busy light will remain on, and the only recovery in this case is to switch off the power at the on-off switch. The experiment must be abandoned at this point, but the data already logged will be available for download.

Appendix C   Using smaller diameter sample rings


Accommodating Smaller Samples than the 100mm diameter of the Ceramic plate is possible by placing the smaller diameter sample ring inside the 100mm diameter ring as shown above. 

The full-size ring is clamped onto the porous plate in the usual way, and the cover plate is in place, preventing water vapour from escaping from this chamber. The only requirement for this to work is that the smaller sample ring is shorter than the larger one. 

We can supply taller 100mm sample rings if needed.  

Appendix D   Troubleshooting & Maintenance

D.1 Disconnecting the tubing

The spares kit contains a blue plastic tool that will assist in disconnecting the tubing from any of the fittings, should this become necessary (for example, to clear a blockage etc). This is used as shown in the picture below.

D.2 Cleaning the tank filter

If dust has found its way into the water tank, or if the water has been contaminated with particles, it is possible that the filter at the tank outlet may become blocked. If this happens, the time taken to fill the measurement tube during the fill/empty cyclic part of the purging cycle (see Appendix B) will become much longer than the usual 2 to 5 seconds. The filter can be cleaned by brushing it vigorously with a stiff brush from the inside of the tank.

Clearing the flow restrictors

The spares kit contains spare flow restrictors, plus a tool for clearing each of them should they become blocked. The Tank flow restrictor can be removed by disconnecting the thicker tube from the fitting below the tank. The thin tube can then be pulled out from the short piece of thicker tube that houses the flow restrictor. The green clean-out tool can then be used to clear any blockage.

To access the Drain flow restrictor,  first remove the lower cover using the allen key supplied with the spares kit. Remove the short piece of 6mm tube from the fitting, then pull the black flow restrictor out from this piece of tubing. Pull the wire loop out from the back of the flow restrictor, and clear out the orifice using the black clean-out tool. Replace the wire, push the restrictor back into the tube, and replace the tube in the fitting.


D.3 Blockages and Airlocks

Occasionally, blockages in the flow restrictors, or air bubbles in the tubing can interfere with the operation of the instrument. The PC software has a Manual Control button which allows the valves and the measurement head to be manipulated manually.

If there is an airlock, the usual symptom is that there will be no flow of water from the measurement head during the first part of the purging cycle (ie at the point where the measurement is at its lowest point). It will usually take some time before water does flow after the start of the purging cycle, but if water is not steadily dripping by the time the measurement head starts to rise, there will either be a blockage in one of the flow restrictors, or there may be an air lock.

An air lock can be cured as follows:

· Make sure the tank is full

· Remove the lower cover from the instrument using the Allen key provided with the spares kit

· Mane sure the Equi-pf is connected to the computer, start the PC software and click on the Manual Control button.

· Open the Tank valve and the Drain valve, and wait until water drips steadily from the lower flow restrictor and into the drip tray and all air bubbles have been purged from the tubing.

If after 5 minutes or so there is still no water dripping into the drip tray, it is likely that one of the flow restrictors is blocked, or the tank filter has become clogged. Please see section D.3 for instructions on cleaning the flow restrictors.

After the air lock has been cleared, power down the Equi-pF and restart it, then start the experiment again.

Appendix E   Specifications

Power Supply
Universal Power Supply for 100 to 260 volt, 50/60 Hz Operation, 50 watts

Dimensions (mm)
1650 (height) x 350 x 350

Weight
23 kg

Operator Interface
LCD screen on instrument indicates test progress and interim results.

Main operator interface is a Personal Computer. 

Communications
RS232 link to PC for test setup and display & archiving of test results

Measurement Range
0 to 100 cm of suction

Tension increments
Up to 12 suction steps per test, each step adjustable in 1cm increments, 1 – 100 cm

Outflow measurement accuracy
0.1 ml

Number of samples per test
1

Time per test
Dependent on sample type; a coarse sand may take a few days; heavier soils several days. 

Number of wetting and drying sequences
1 to 6

Environmental
Operating temperature: 0 to 40oC

Maximum humidity: 95% RH (non-condensing) 
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IMPORTANT SAFETY INFORMATION


The equipment provided under this contract is supplied on the condition that it is the clear responsibility of the purchaser to ensure correct and safe operation of the unit. Streat Instruments does not accept liability for damage or injury arising from or associated with the equipment provided under this contract.
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Sample Ring on Sample Table with Clamping Ring in place
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The last tube segment (0.1ml) boundary was crossed 17 minutes ago 





ON – OFF Switch Location





Software version number





It took 38 minutes for the previous 0.1ml to be extracted from the soil
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Battery in place – Internal View





Sample Ring with Sealing Ring in place
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After suction step 20cm, a total of about 110 ml of water has been extracted
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Figure A-2





Pull tubing in this direction





Push tool in this direction
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Clamping�Ring





Locking�Screws





Locking �Dogs
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