
1 M-1681E

Eijkelkamp Smart Lysimeters

Eijkelkamp Soil & Water
P.O. Box 4, 6987 ZG Giesbeek, 
the Netherlands

T +31 313 880 200
E info@eijkelkamp.com
I www.eijkelkamp.com © 2017-04

Meet the difference

User manual



2

Contents
1. Information on this manual .............................................................................................................................. 3
2. Introduction ........................................................................................................................................................ 3
3. Safety instructions ............................................................................................................................................. 4
4.	 Regular	inspection	and	field	maintenance ...................................................................................................... 4
 4.1 Typical maintenance actions ....................................................................................................................... 4
 4.2 Checking settings and actual values ........................................................................................................... 4
 4.3 Main menu ..................................................................................................................................................... 6
 4.4 Measurements menu .................................................................................................................................... 6
 4.5 Installation menu ...........................................................................................................................................7
 4.6 Factory menu ................................................................................................................................................. 8
 4.7. Calibration menu .......................................................................................................................................... 8
5. Tensiometer service ........................................................................................................................................... 9
	 5.1	Tensiometer	refilling ..................................................................................................................................... 9
 5.2 Tensiometer protection ...............................................................................................................................10
 5.3 Tensiometer installation .............................................................................................................................10
  5.3.1 Tensiometer replacement without drilling ..................................................................................... 11
  5.3.2 Tensiometer replacement drilling ................................................................................................... 11
6. Data visualisation ............................................................................................................................................. 12
7.	 Data	specification ............................................................................................................................................. 13
Appendix: Lysimeter site acceptation form .........................................................................................................14
Appendix: Degassing water ................................................................................................................................... 15

Disclaimer 
Nothing	from	this	document	may	be	copied	and/or	made	public	by	means	of	printing,	photocopy,	microfilm	or	in	any	other	way	without	
the	prior	written	approval	of	the	publisher.	Technical	data	can	change	without	prior	notification.	Eijkelkamp	Soil	&	Water	is	not	responsible	
and/or liable for any damage and/or personal injury due to (incorrect) use of this product. Eijkelkamp Soil & Water would be pleased to 
receive your reactions and comments about this product and the user instructions. 
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1. Information on this manual
If the text follows a mark (as shown on the left), this means that an important instruction follows.

If the text follows a mark (as shown on the left), this means that an important warning follows 
relating to danger to the user or damage to the apparatus. The user is always responsible for its 
own personal protection.

Italic indicated text indicates that the text concerned appears in writing on the display or the 
apparatus (or must be typed).

2. Introduction
This manual describes the Eijkelkamp Smart Lysimeter operational aspects and user interface communication. 
This manual covers user service for both moisture controlled as percolating lysimeters. 
The Eijkelkamp Smart Lysimeter is an integrated weighing lysimeter concept. It is weighing a soil column and 
the differences in weight correspond to both evapotranspiration and precipitation. 

The moisture controlled lysimeter is	equipped	with	a	reference	tensiometer	for	measuring	the	field	soil	water	
tension and a moisture suction plate to control the moisture in the lysimeter soil column. A reservoir is used 
both for active percolation and wetting.

The percolating lysimeter passively extracts the surplus of water using a percolation plate into the reservoir.

For both types lysimeters the maximum reservoir water is automatically controlled and emptied. 
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3. Safety instructions
For extended service i.e. disassembling and lifting the lysimeter, qualified and experienced staff is 
demanded. Eijkelkamp Soil & Water provides training for safe and efficient lysimeter installation 
and service. 

Users/Field workers should have a good physical and mental condition that is consistent with due 
diligence and duty.

The work must be carried out in safe environmental conditions in order to avoid risk of accidents. 

Users/Field workers must take into account the environmental and weather conditions and must 
be equipped with personal protection tools.

4. Regular inspection and field maintenance
The interval of field maintenance depends on the individual 
circumstances. Recommended service interval is 4 times per year. 

Extreme	weather	periods	can	be	a	trigger	for	a	field	inspection	i.e.	
flooding	or	draught	or	temperature	both	cold	and	hot.	

Data from the lysimeter is a good indicator for a need of additional 
maintenance. Abnormal or sudden changes of measurement values 
can	 indicate	 the	need	 for	 a	 service	 visit.	 In	 case	 of	 undefined	
problems please consult your supplier for advice.

4.1 Typical maintenance actions

1.	 Checking	and	refilling	the	reference	tensiometer	with	degassed	water	(see	Chapter	8.1)
2. In case of leak water in the underground housing it shall be pumped off. At the surface there is a connection 

to the pump line to the bottom of the housing. Connect an external pump to remove water. In case of 
serious amount of water i.e. more than 3 liter a leak inspection of the silicon collar sealing by lifting the 
Lysimeter is to be considered. 

3. As the vegetation grows it must be pruned regular, not interfering with the surrounding. Take care that the 
silicon collar sealing around the Lysimeter is not damaged as this will lead to leakage.

4. In case of disturbance by human or animals precautions can be taken i.e. signs and fence as precaution.

4.2 Checking settings and actual values

The Eijkelkamp Smart Lysimeter is equipped with an integrated autonomous controller for measuring and 
controlling. The controller has 2 communication ports:   
- SDI-12 for communication with dataloggers or modems inclusive the Lysimeter power supply,  
- USB 2.0 for user communication i.e. a laptop to view data and setting controller parameters

1.	 Make	sure	that	the	lysimeter	sufficient	power	supply	is	available,	typically	12	volt	DC.
2. Connect the lysimeter USB cable to the laptop using an USB hub (due to the 10 meter cable length not 

supported by newer laptops).
3. Check and register the settings and actual values of measurements using the USB connection.
4.	 The	proper	USB	port	number	can	be	found	using	Windows	configuration,	Device	manager.
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5. In Device manager Ports(COM&LPT) the recognized USB ports are listed (in this case USB serial Port 34).
6. Start the communication programm PuTTY. 
7. Select Serial mode. 
8. Fill in the proper port number (in this case USB serial Port 34).
9. Start communicating pressing the Open button.

Now the communication screen will open and the Lysimeter will start communicating.
After some seconds the Main Menu will appear:

Booting LYSIMETER ….

After some seconds the Main Menu will appear…
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4.3 Main menu

The Main menu showing the software version and the 4 main menu options:

* Only available by technician password 

4.4 Measurements menu

The measurement menu shows the actual values of the connected sensors.
By selecting option 1 Refresh measurements the measurement values are refreshed, option 2 Auto refresh 
measurements refreshes the measurements automatically where the refresh rate is equal to the measurement 
interval in the installation menu.
Generally sensor signals are integrated by a Gaussian formula using the past 10 measurements. For a fast 
update of sensor signals at least 10 measurement refreshments should be performed i.e. performing 10 times 
option 1. The Gaussian parameter is only available for technicians. If for a sensor or parameter no values are 
displayed the sensor is either not installed or defective.

Lysimeter V1.1.120

1. Measurements
2. Installation Menu
3. Factory Menu*
4. Calibration Menu*

Select: ..

MEASUREMENTS

Weight Lysimeter (gram)      : -1159961 [ADC = -524288]
Weight Reservoir (gram)       : +168035 [ADC = -524288]
Tensiometer Reference (kPa)     : +13.12
Tensiometer Temperature (C)     : +22.98
Tensiometer Supply Voltage (Vdc)    : +12.1
Tensiometer Filling state      : +0
Pressure Plate (kPa)        : -0.4  [ADC = +1183]
Lysimeter Temperature (C)      : +24.8  [ADC = 541]
Soil Moisture Top (E)        :
Soil Moisture Top Conductivity (dS/m)   :
Soil Moisture Top Temperature (C)    :
Soil Moisture Bottom (E)      :
Soil Moisture Bottom Conductivity (dS/m) :
Soil Moisture Bottom Temperature (C)   :
Tensiometer Top (kPa)       : -7207.9
Tensiometer Top Temperature (C)    : +23.9
Tensiometer Bottom (kPa)      :
Tensiometer Bottom Temperature (C)   :
Pump Time (mS)         : +10
Supply Voltage (V)        : +3.97 [ADC = 265]

1 Refresh measurements
2 Auto Refresh Measurements    : OFF
0 Return

Select: ..
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4.5 Installation menu

The	installation	menu	is	used	for	manual	operation	during	installation	and	service	and	sensor	configuration.

Description of the options:

1 SDI-12 Lysimeter address
This address number is set for the datalogger or modem connected to indentify the lysimeter. 
default =0

2 Sample interval (sec)
At every sample interval the lysimeter measures the sensor values, depending on these values the suction 
plate pump or reservoir pump can be controled. This is an autonomous controll proces for the lysimeter.
The minimum sample interval = 10 seconds. In this mode  the lysimeter will use more energy due intensively 
controlling the pumps. The maximum sample interval is 900 seconds (15 minutes). 
If the datalogger or a modem requests measurement data from the lysimeter automatically a measure- and 
control cycle is initiated. A practical sample interval could be 300 seconds (5 minutes)

3 Pump reservoir on treshold (gram)
As the reservoir has reached this maximum value the reservoir pump will start emptying the reservoir untill the 
off treshold is reached. The maximum reservoir value is 25 liters (25000 gram), a typical value is 20000 gram

4 Pump reservoir off threshold (gram) 
As the reservoir has reached this minimum value the reservoir pump will stop emptying the reservoir. The 
typical minimum reservoir value is 15000 gram

5	 Suction	plate	fill	(vacuum)
This	option	is	used	for	filling	the	suction	plate	with	degassed	water	during	installation.	After	installation	the	
pump action pumps water out of the soil monolith. Pumping will lower the suction plate pressure measured. 
Do not use this option longer then 10 seconds for testing.

6 Suction plate empty (pressure)
This option is used for emptying the suction plate during installation. After installation the pump action 
pumps water into the soil monolith. Pumping will increase the suction plate pressure measured. Do not use 
this option longer then 10 seconds for testing.

INSTALLATION MENU

1 SDI-12 lysimeter address                      : 0
2 Sample interval (sec)    : 10
3 Pump reservoir on threshold (gram)       : 20000
4 Pump reservoir off threshold (gram)                  : 15000
5	 Suction	plate	fill	(vacuum)	 	 	 	 :	OFF
6 Suction plate empty (pressure)   : OFF
7	 Reservoir	fill		 																							 	 	 :	OFF
8 Reservoir empty                        : ON
9	 SDI	Sensor	address	configuration									 							
0 Return

INFO: No SDI sensor found witrh address 0

Select: ..
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7	 Reservoir	fill
The	reservoir	can	be	filled	using		this	option.

8 Reservoir empty
The reservoir can be emptied using  this option.

9	 SDI	Sensor	address	configuration
In case of connecting a new SDI-12 sensor i.e. the reference tensiometer. The new sensor should have a SDI-
12 address = 0 (mostly default for new sensors). Selecting this option the new sensor is recognized and the 
user is asked for the function of the new sensor. Select the proper item: Reference Tensiometer. The reference 
tensiometer will now be recognized and values displayed in the measurement menu.

4.6 Factory menu

(For documentation only)

4.7. Calibration menu

(For documentation only)

FACTORY MENU

1 Reservoir pump max speed (%)                     : 100
2 Lysipump max speed (%)                          : 100
3 Lysipump minimum on time (msec)                 : 10
4 Lysipump maximum on time (sec)                  : 5
5 Lysipump time direction change in to out (min) : 10
6 Lysipump time direction change out to in (min) : 60
7 Lysipump pump time power                        : 2
8 Lysipump pump time divider                      : 100
9 Pump enable minimum temperature                 : 5.0
A Gaussian Enable Status                         : DISABLED
B	 Datafilter	Sigma	of	Gaussian																			 	 :	11
C Extended HMI information                        : ENABLED
D SDI-12 Terminal
E SDI-12 Lysimeter Serial Number                   :
F Set Settings factory defaults
G Set Calibration factory default 

CALIBRATION MENU

1 Temperature High                [  100.0][    537]
2 Lysi Weight High Temp High
3 Resv Weight High Temp High
4 Lysi Weight Low Temp High
5 Resv Weight Low Temp High
6 Temperature Low
7 Lysi Weight High Temp Low      [     10][ -49048][    538]
8 Resv Weight High Temp Low      [     10][ -99157][    538]
9 Lysi Weight Low Temp Low       [      0][ -49053][    538]
A Resv Weight Low Temp Low      [      0][ -99156][    538]
B Suctionplate Pressure Low       [    0.0][-135091]
C Suctionplate Pressure High      [   10.0][-135094]
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5. Tensiometer service
  

The	moisture	controlled	lysimeter	is	equipped	with	a	reference	tensiometer	for	measuring	the	field	soil	water	
tension	at	a	depth	of	50	cm	beneath	the	soil	surface.	It	is	filled	with	degassed	water	and	should	be	refilled	
regularly.	If	the	soil	gets	drier	than	-85	kPa,	the	tensiometer	runs	dry	and	must	be	refilled	as	soon	as	the	soil	
is	sufficiently	moist	again.	The	tensiometer	can	operate	in	the	temperature	range	of	-30	to	+	70°C.	It	should	
be protected from direct sunlight to prevent heating errors.

5.1 Tensiometer refilling

The	tensiometer	can	be	refilled	using	the	filling	tubes,	without	tensiometer	replacement.	The	use	of	the	filling	
syringe kit as delivered is advised. 
1.	 Remove	the	rubber	tube	from	the	black	marked	metal	refill	tube.	
2.	 Connect	the	open	end	rubber	tube	to	a	seringe	number	1	filled	for	3/4	degassed	water.
3.	 Connect	the	black	marked	metal	tube	to	the	rubber	refilling	tube	at	syringe	number	2	filled	for	1/4		with	

degassed water.
4.	 Keep	both	syringes	during	the	refilling	process	vertical	to	prevent	air	into	the	tubes.	Pull	the	syringe	number	

2	plunjer	to	suck	the	water	out	of	syringe	number	1	trough	the	tensiometer	to	fill	it.
5.	 No	air	bubbles	should	appear	anymore	in	syringe	number	1	when	the	tensiometer	is	filled	completely.
6.	 Disconnect	the	syringes	and	reconnect	the	rubber	tube	between	both	metal	filling	tubes.
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5.2 Tensiometer protection

Refilling	tubes	must	be	protected	from	heating	up	and	solar	radiation.
Preventing	expansion	of	possible	air	bubbles	resulting	in	a	variation	of	the	reading.	Therefore,	refilling	tubes	
should be thermally protected by providing an insulating protection. Keep a distance of approx. 5 cm to the 
soil surface to avoid ant population inside the tube.

 

5.3 Tensiometer installation

• Plastic	bottle	protecting	the	ceramic	cup	(must	be	filled	to	half	with	water	to	keep	the	cup	wet).

• Do not leave the cup in air for more than 5 minutes as tensiometer water will evaporate and the tensiometer 
will	need	to	be	refilled.

• Ceramic	cup:	Do	not	touch	the	cup	with	your	fingers.	Grease,	sweat	or	soap	residues	will	influence	the	
ceramic’s hydrophilic performance.

• Excess pressure: The maximum non destructive pressure is 300 kPa. 
	 Higher	pressure,	which	might	occur	for	example	during	insertion	in	wet	clayey	soils	or	during	refilling	will	

destroy the pressure sensor!

• Frost:	Tensiometers	are	filled	with	water	and	therefore	are	sensitive	to	frost!	
 Protect tensiometers from frost at any time. Tensiometers normally are not damaged when the cup is 

installed in a frost free soil horizon (in general below 20 cm).

• Keep the cable connector clean and dry i.e. using a plastic bag. 

• Cables are preferable buried in the soil using a protective sleeve or tubing.

The tensiometer can be replaced in case of failure. The watertight screwable M12 cable connector connects 
the tensiometer to the lysimeter. 
The Tensiometer reference atmospheric air pressure is conducted to the pressure transducer via the air 
permeable	(white)	Teflon	membrane	and	through	the	cable.	The	membrane	does	not	absorb	water.	Water	will
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not pass through the membrane into the cable, but condensed water inside the cable will leave the cable 
through the membrane.

• The white membrane on the cable must always have contact to air and should never be submersed into water.

5.3.1 Tensiometer replacement without drilling

If possible make use of the previous drilled tensiometer hole. Take care inserting the new tensiometer specially 
in loamy, clayey soils a high pressure can occur just by inserting it into the borehole.

To	prevent	overpressure	 the	 insertion	 should	be	 very	 slowly	with	 the	 rubber	 refill	 tubing	 removed.	 The	
tensiometer	has	to	be	refilled	after	the	installation	as	described	in	chapter	5.1.

5.3.2 Tensiometer replacement drilling

An	 installation	position	would	be	 ideal	 if	 the	 typical	water	flow	 is	not	disturbed	by	 the	 tensiometer.	No	
preferential	water	flow	along	the	shaft	should	be	created.	Water	will	not	run	along	the	shaft	if	the	tensiometer	
is installed in an angle because the water will drain into the soil before it reaches the cup and ideal for the 
optimal removal of air from the cup.
 
1.	 Drill	 the	borehole	 for	a	 length	of	 73	 cm	at	an	angle	of	 45°	 resulting	 in	 the	

reference depth of 50 cm. Mark the required drilling depth on auger and on 
the tensiometer shaft. 

2. Slurrying the cup is only recommendable in clayey soils and only if the bore 
hole	is	larger	than	24	mm.	In	coarse	sand	or	pebbly	soils	fine	pored	slurry	might	
create a water reservoir which slows down the response. 

3. Take off the protective plastic bottle from the tensiometer cup. Tilt and pull 
the bottle off carefully. The yellow sticker with the dot on the shaft’s top end 
that	marks	the	position	of	the	exit	opening	of	the	external	filling	must	exactly	
face up!

4. Insert the Tensiometer into the hole to the depth mark without using force, if  
you feel a light resistance at the last few cm indicating proper soil contact of 
the ceramic.

Do not use any force. Do not hit the tensiometer - this may damage cup 
and pressure sensor.

5. In clayey soils a dangerous overpressure might develop. To prevent overpressure the insertion should be 
very	slowly	with	the	rubber	refill	tubing	removed.	The	tensiometer	has	to	be	refilled	after	the	installation	
as described in chapter 5.1

6. Press the soil surface gently to the shaft to close the gap.

7. Push the shaft water retaining disk down to cover the soil surface. This prevents water from running down 
into the borehole along the shaft.
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8. Connect the signal cables to the Lysimeter 

9.	 Slide	the	supplied	thermal	insulation	tube	over	the	shaft	end	and	the	refilling	tubes.	Bend	the	signal	cable	
and lead it back through the thermal tube.

10. Protect the cables against rodent bites. Lead the cables through plastic pipes or use the plastic protection 
tubes.

 
6. Data visualisation
Using the Eijkelkamp telemetry and web portal, lysimeter evapotranspiration, precipitation and sensor values 
can be visualized.
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7. Data specification
Receiving	data	by	the	backoffice	portal	the	following	identification	is	used.	
Channel Lysimeter channel name Range min. Range max.

0 Weight lysimeter (g) 0 300.000

1 Weight reservoir (g) 0 30.000

2 Tensiometer reference (kPa) -85 100

3 Tensiometer temperature (°C) -30 70

4 Tensiometer supply voltage (V) 0 30

5 Tensiometer	filling	state	(0/1	=	air) 0 1

6 Pressure plate (kPa) -100 10

7 Lysimeter temperature (°C) -20 60

8 Soil moisture top (e‘) 0 80

9 Soil moisture top conductivity (dS.m-3) 0 23

10 Soil moisture top temperature (°C) -20 60

11 Soil moisture bottom (e’) 0 80

12 Soil moisture borrom conductivity (dS.m-3) 0 23

13 Soil moisture bottom temperature (°C) -20 60

14 Tensiometer top (kPA) -10000 0

15 Tensiometer top temperature (°C) -40 60

16 Tensiometer bottom (kPa) -10000 0

17 Tensiometer bottom temperature (°C) -20 60

18 Lysimeter pump (msec) 0 10000

19 Reservoir	pump	(-1	=	empty,	0	=	off	and	1	=	fill) -1 1

20 Lysimeter supply voltage (V) 0 20

21 Info1 - -

22 Info2 - -

23 Alert (code) - -

24 Error (code) - -

25* Evaporation last hour netto (mm) 0 1250

26** Evaporation last hour individual (mm) 0 1250

27 Reserve2 - -

28* Precipitation last hour netto (mm) 0 1250

29** Precipitation last hour individual (mm) 0 1250

30 Reserve4 - -

* Channel 25 and 28 are calculated values. For each hour the increment and decrement of weight of both 
lysimeter and reservoir are evaluated against each other and calculated for mm evaporation and rain using 
the lysimeter surface area.

** Channel 26 and 29 are calculated values. For each hour the increment and decrement of weight of both 
lysimeter and reservoir are individual incremental calculated mm evaporation and rain using the lysimeter 
surface area.
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Appendix: Lysimeter site acceptation form
    
Customer Project

Serial no. lysimeter Description
              

Functionality test

No. Item Remarks Acc.

1 FAT report, calibration report, documentation

2 Physical installation

3 Power supply

4 USB communication

5 Weight soil monolith

6 Weight water reservoir

7 Reference tensiometer

8 Soil moisture top sensor

9 Soil moisture bottom sensor

10 Tensiometer top sensor

11 Tensiometer bottom sensor

12 Suction plate pump function

13 Reservoir pump function

14 Lysimeter operational moisture controlling

15 User	specific	settings

16 SDI-12 communication

17 Backoffice	communication

18 Site	finish

                
Configuration Acc.
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Appendix: Degassing water
Tensiometers	should	be	filled	with	demineralized	or	distilled	water.	This	water	must	be	degassed.
The tensiometer water limits the measuring range, as can be seen from the two-phase diagram for water and 
water vapor.
 

If	the	ceramic	cup	is	completely	dry,	first	put	the	ceramic	cup	into	a	beaker	filled	with	the	degassed	deionized	
water for at least 1 hour to enable the ceramic to get saturated with water. The whole of the ceramic should 
be	below	the	water	level!	Do	not	fill	water	into	the	ceramic	cup	as	there	is	a	danger	of	trapping	of	air	in	the	
ceramic. If the tensiometer contains dissolved gases, the vapor point is raised, which restricts the measuring 
range considerably. Therefore care should be taken to degas the deionized water as completely as possible 
(e.g.	by	boiling).	To	degas,	boil	water	for	5	minutes,	then	fill	a	suitable	heat	resistant	container	completely	
without air, seal tightly and place in a refrigerator to cool.

An alternative method of de-gassing water is to heat the water to boiling, and then pull a vacuum for 15 
minutes. Without heating the vacuum process takes 4 hours or more. During vacuum inductive steering or 
ultra-sonic stimulates the process.


