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NOTICE

The information contained in this document is subject to change without notice.

LI-COR MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS MATERIAL,
INCLUDING, BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE. LI-COR shall not be liable for errors
contained herein or for incidental or consequential damages in connection with the
furnishing, performance, or use of this material.

This document contains proprietary information which is protected by copyright. All rights
are reserved. No part of this document may be photocopied, reproduced, or translated to
another language without prior written consent of LI-COR, Inc.

© Copyright 2010, LI-COR, Inc.

Publication Number 984-11123
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2nd Printing July, 2012
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new edition is printed. (Minor corrections and updates which are incorporated at reprint do
not cause the date to change).

The LI-8100A is covered by U.S. Patent #7,509,836; 7,568,374; 7,748,253; 7,856,899,
China Patent #Z7L200580042074.0 and other foreign equivalents.

Microsoft® and Windows® are registered trademarks of Microsoft Corporation. Eurofast® is a
registered trademark of Turck Inc.” Apple®, iPod® iPod Touch®, and iTunes® are registered
trademarks of Apple, Inc. All other trademarks or registered trademarks are the property of
their respective owners.
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Note on Safety

LI-COR products have been designed to be safe when operated in the manner described in this manual. The safety of
this product can not be guaranteed if the product is used in any other way than is specified in this manual.

Equipment markings:

The product is marked with this symbol when it is necessary for you to refer to the manual or accompanying
documents in order to protect against damage to the product.

The product is marked with this symbol when a crush hazard is present.

The product is marked with this symbol for a Chassis Ground connection.

A The product is marked with this symbol when a hazardous voltage may be present.

WARNING Warnings must be followed carefully to avoid bodily injury.

CAUTION Cautions must be observed to avoid damage to your equipment.

Manual markings:
WARNING Warnings must be followed carefully to avoid bodily injury.
CAUTION  Cautions must be observed to avoid damage to your equipment.

NOTE Notes contain important information and useful tips on the operation of your equipment.

NOTE: This equipment has been tested and found to comply with the limits
for a Class A digital device, pursuant to Part 15 of the FCC Rules. These
limits are designed to provide reasonable protection against harmful
interference when the equipment is operated in a commercial environment.
This equipment generates, uses, and can radiate radio fequency energy and,
if not installed and used in accordance with the instruction manual, may
cause harmful interference to radio communications. Operation of this
equipment in a residential area is likely to cause harmful interference in
which case the user will be required to correct the interference at his own
expense.
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T  Getting Started

What is the LI-8100A?

The LI-8100A is a fully automated system dedicated to making measurements of
soil CO; flux. The Analyzer Control Unit powers either a Survey or Long-Term
measurement chamber, and houses the system electronics and the infrared gas
analyzer (IRGA) used to measure the change in CO; and H,O concentrations in
the soil chamber.

An Auxiliary Sensor Interface attaches to the Analyzer Control Unit to allow for
connection of an external power source and your choice of sensors, such as soil
temperature and/or soil moisture probes.

Data collected by the LI-8100A can be stored to the instrument's flash memory, to
an internal compact flash (CF) card, or transferred to a personal computer.

Data collection protocols are defined in either Windows® software or interface
software for iOS on an Apple® iPod® Touch® or other iOS device such as an iPad®
or iPhone®. The LI-8100A is a Wi-Fi ("wireless fidelity") enabled device that allows
for wireless communication with compatible PDAs or personal computers. Data
collected by the LI-8100A can be output to your Windows® computer; data
analysis software (FV8100) is also included to allow further examination and/or
recomputation of your data.

What's What

If you have just taken delivery of your LI-8100A check the packing list to verify that
you received everything ordered, including the following items:
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Analyzer Control Unit

The Analyzer Control Unit is the yellow
enclosure that houses the LI-8100A
electronics and infrared gas analyzer.
The interior of the Control Unit contains
the indicator panel, brackets for the
optional 6400-03 Rechargeable Battery,
and an access panel for inserting or
removing the wireless and compact flash
cards. The left side of the Control Unit
has a mount for the Auxiliary Sensor
Interface (below), as well as connections
for the soil flux chambers and RS-232
cable.

Auxiliary Sensor Interface (p/n 8100-
663)

The Auxiliary Sensor Interface attaches
to the side of the Analyzer Control Unit,

- N
Figure 1-1. Analyzer Control Unit,

as showr] at right, and aollows for with 6400-03 Rechargeable Battery,
connection of your choice of sensors, or Auxiliary Sensor Interface, and
an alternative power source. The shoulder strap.

Auxiliary Sensor Interface is described in

more detail in Section 2, Initial Setup.

The Auxiliary Sensor Interface (right)
uses “gland” type plugs to seal the wire
connections against moisture and
insects. As many as five different
sensors, or four sensors and an external
power supply can be connected to the
Auxiliary Sensor Interface.

RS-232 Cable (p/n 392-10587)

The RS-232 Cable is a 1 meter cable
with a round connector on one end that
mates to the RS-232 port on the left side
of the Analyzer Control Unit. The other
end of the cable has a 9-pin female DB-
9 connector for attaching to your
computer.
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A Serial-to-USB Adapter (p/n 6400-27) is provided to facilitate data transfer
between the LI-8100A and computers lacking an RS-232 connector. Note that this
does not convert the RS-232 serial connection into a USB connection. It simply
allows the USB port to receive data via a standard RS-232 serial connection.

Ethernet Cable (p/n 392-09436)

The Ethernet Cable is a 2 meter cable with a round connector on one end that
mates to the Ethernet port on the left side of the Analyzer Control Unit. The other
end of the cable has an RJ-45 connector for attaching to your computer or to a
network wall socket.

Ethernet Card (p/n 6400-26)

The Ethernet Card fits into one of the two internal PCMCIA (PC) card slots in the
Analyzer Control Unit. The Ethernet adapter card is connected internally to a short
cable that extends to the Ethernet connector on the Analyzer Control Unit side

panel, where it can be connected to a computer or network using the Ethernet
Cable (above).

Compact Flash Memory Card (p/n 8100-554)

The compact flash memory card included is a Type | industrial grade card with
adapter sleeve that is rated for high temperature use. Other commercially available
cards are compatible with the LI-8100A, however, we cannot guarantee their
stability under high temperatures. Type Il compact flash cards can also be used
with the LI-8100A, with the appropriate adapter sleeve.

NOTE: Type Il Compact Flash cards are
slightly thicker than Type | cards; as a
result, the adapter sleeve is also thicker,
and may be more difficult to remove from
the LI-8100A Analyzer Control Unit case
when inserted in tandem with a second
wireless card adapter.

Shoulder Strap Kit (p/n 604-07467)

The shoulder strap can be attached to the Analyzer Control Unit, if you prefer to
use it to carry the instrument case. Simply slide the strap ends over the two button
heads attached to the Analyzer Control Unit, on either side of the handle, as shown
below.
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Attach shoulder
strap here

Contains the LI-8100A Windows® and interface
software for Apple iOS, the LI-8100A Data Analysis
(File Viewer) software, this instruction manual, the
Data Analysis and PDA/LI-8100A Configuration
manuals in PDF format.

Automated Soil

CO, Flux System NOTE: The latest version of the LI-8100A instrument

LrcoR (embedded) software is available on LI-COR's web
site at http://www.licor.com.

8100-104 Long-Term Chamber

Contains the chamber, spares kit (p/n 8100-613), and a replacement gasket kit (p/n
8100-612).

8100-104C Clear Long-Term Chamber

Contains the chamber, spares kit (p/n 8100-613), and a replacement gasket kit (p/n
8100-612).

8100-102 10 cm Survey Chamber
Contains the chamber, spares kit (p/n 8100-621), replacement gasket kit (p/n 8100-

622), and the 8100-201 Soil Temperature Probe.

8100-103 20 cm Survey Chamber
Contains the chamber, spares kit (p/n 8100-631), replacement gasket kit (p/n 8100-

632), and the 8100-201 Soil Temperature Probe.
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Spare Parts Kit

This box contains replacement parts for your LI-8100A. As you become familiar
with the system you will learn which items to keep close at hand and which items
can be stored away. Additional spares kits are packaged with their respective soil
chambers, as well. An optional bellows kit (p/n 8100-623) is also available from
LI-COR that can be used to replace damaged bellows on either the 10 cm or 20 cm

Survey Chambers.

The spares kits include these commonly used items:

Description Qty. LI-COR Part No.
Analyzer Control Unit Spares Kit 1 9981-032
O-rings 20 192-02597
Bev-a-line Tubing 10' 222-01824
Balston Disposable Air Filters 2 300-01961
Quick Connect Straight Union 1 300-03123
Quick Connect Right Angle 2 300-03125
Quick Connect Plug 2 300-07124
Quick Connect Coupling 1 300-07125
Quick Connect Union “Y” 2 300-03367
Quick Connect Port Plug 1 9981-118
3 Amp Fuse 1 439-04215
Auxiliary Sensor Interface Spares Kit 1 9981-028
Strain Relief 5 198-07221
EPDM Plugs 10 610-08324
Santoprene 1 222-08325
3 Amp Fuse 1 439-04215
Optical Bench Cleaning Kit 1 9981-029
O-rings 4 192-00226
Bev-a-line Tubing 1 222-01824
Wrapped Point Cleaning Swabs 5 610-05314
Sock Tip Swab 5 610-05315
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Description Qty. LI-COR Part No.
8100-102 Survey Chamber Spares Kit 1 8100-621
Cable Ties 10 218-08499
Bev-a-line Tubing 11 222-01824
Thumb Nut 4 165-00140
10 cm Soil Collars 6 6581-157
8100-103 Survey Chamber Spares Kit 1 8100-631
Cable Ties 10 218-08499
Bev-a-line Tubing 11 222-01824
Thumb Nut 4 165-00140
20 cm Soil Collars 6 6581-044
8100-104/CLong-Term Chamber Spares Kit 1 8100-613
Cable Ties 9 218-08499
Urethane Tubing 6' 222-00303
Thumb Nut 4 165-00140
20 cm Soil Collars 2 6581-044
Bumpers 4 191-08069
Cap Plugs 5 620-08297
Description Qty. LI-COR Part No.
10 cm Survey Chamber Gasket Kit 1 8100-622
Foam Seal Gaskets 20 6560-229
Survey Collar Gaskets 2 6581-065
Chamber Flange Gaskets 2 6581-066
Manifold Gaskets 2 6581-057
Seal Washer 4 167-07255
Chamber Gasket Trim 2.2 226-07390
Loctite Adhesive 1 208-05786
10-32 x 1/2" screws 4 122-00014
4-40 x 3/8" screws 18 122-01578
8-32 x 1/2" screws 4 122-04328
20 cm Survey Chamber Gasket Kit 1 8100-632
Cap Nuts 4 163-02618
Foam Seal Gaskets 20 6581-107
Manifold Gaskets 2 6581-057
Soil Collar Gaskets 4 6581-108
Chamber Gasket Trim 6' 224-07606
Loctite Adhesive 1 208-05786
10-32 x 1/2" screws 4 122-00014
4-40 x 3/4" screws 2 158-07847
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Flat washer, #10 4 167-00154
Seal washer, #10 4 167-07255
8100-104/C Long-Term Chamber Gasket Kit 1 8100-612
Loctite Adhesive 1 208-05786
Collar Gasket 2 6581-060
Chamber Gasket Trim 6' 224-07606
6-32 x 3/8" screws 4 122-00009
4-40 x 3/8" screws 18 122-01578
Description Qty. LI-COR Part No.
LI-8100A Bellows Kit (optional) 1 8100-623
Silicone Lubricant 1 210-01958-1
10-32 x 1/2" screws w/o-ring 4 138-07470
Manifold Gasket 1 6581-057
Bellows, 3" 1.D. x 4.25" O.D. 1 254-7219

Calibration Sheet

This data sheet is a copy of the calibration information entered into the LI-8100A
by LI-COR. Keep it in a safe place for future reference. LI-COR also retains copies
of calibration information for your soil CO, flux system; contact us if yours is
misplaced.

Optional Accessories

6400-03 Rechargeable Battery

(12VDC). The 6400-03 Rechargeable Batteries are tested and fully charged before
they leave the factory, but may discharge during shipping. It is a good idea to test
your batteries to make sure they are charged. See "Recharging the 6400-03
Batteries" in Section 12 for instructions about charging batteries. The 6400-03
batteries require the LI-6020 Battery Charger for recharging. One 6400-03 battery
provides approximately 3-4 hours of battery life, depending on pump usage,
wireless card usage, etc., at 25 °C. A mounting bracket and connectors are present
in the LI-8100A Analyzer Control Unit case for use with the 6400-03.
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NOTE: There are 2 battery connectors in
/ / the case; you can attach a second, fully

/ charged battery before removing the
discharged battery to provide
uninterrupted operation.

-

*

e

LI-6020 Battery Charger (115/230VAC)
The LI-6020 can charge up to four 6400-03 batteries at a time.

Soil Temperature Probes (p/n 8100-201, 8150-203, and 8100-203)

The 8100-201 Omega soil temperature probe is a T-handled Type E thermocouple
with 6.4 mm (0.25") diameter and 250 mm (10") immersion length. The probe
contains a 2-wire adapter cable for connection to the Auxiliary Sensor Interface.
Alternatively, the connector can be cut off or unscrewed for permanent installation
via the resulting bare wire leads. The 8150-203 thermistor probe has a plug for
direct connection to the 8100-104/C Long Term Chambers. The 8100-203 is a
bare wire thermistor used in single chamber long term mode.

Soil Moisture Probes (p/n 8100-202, 8150-202, 8150-204, and 8100-204)

The 8100-202 ECH,O Model EC-5 soil moisture probe (Decagon Devices, Inc.,
Pullman, WA) is a 5 cm (2") dielectric sensor that measures volumetric water
content of the soil. The probe contains a 3-wire adapter cable for connection to
the Auxiliary Sensor Interface (see Section 2, Connecting the Soil Moisture Probe to
the Auxiliary Sensor Interface). The 8150-202 probe has a plug for direct
connection to the 8100-104/C Long Term chambers.

The 8100-204 and 8150-204 Theta Probes differ only in the way the cable is
terminated; the 8100-204 has bare wire leads, and is for use only with the

LI-8100 Auxiliary Sensor Interface. The 8150-204 has a connector pre-installed for
direct connection to the 8100-104/C soil chambers.
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8100-104 and 8100-104C Upgrade Kits (p/n 9981-078 and 9981-160)

The 8100-104 Long-Term Chamber’s opaque “bowl” can be swapped out with the
clear bow! used on the 8100-104C Long-Term Chamber, and vice versa. Each kit
contains a bowl and all mounting hardware required.

Wireless Communications Package (p/n 8100-565)

Includes 8100-570 Apple iPod Touch (32 GB), 6PF-DBIF Eurofast Cable (p/n 392-
10587), USB-to-RS232 Adapter (p/n 6400-27), wireless card (p/n 8100-552), and
iPod Micro Case (p/n 8100-571).

8100-405 CO, Mapping Kit

The 8100-405 is an accessory for use with the LI-8100A Automated Soil CO, Flux
System, that allows spatial data (latitude, longitude, speed, direction) to be
integrated with observations of soil CO, flux or CO, concentration. The 8100-405
can be used with the 8100-102 or 8100-103 Survey Chambers to map soil CO, flux
data across the area of interest, or it can be used in a continuous measurement
mode (without a chamber) to map CO, concentrations across a transect of interest.

In continuous mode, a single measurement of up to 24 hours can be made. A user-
provided intake tube is required; tubing and fittings are provided in the spare parts
kit to aid in construction of the intake tube. Considerations and guidelines for
sampling height, intake tube construction, and concentration mapping can be
found in Application Note #135, entitled “Mapping CO, Concentrations and Fluxes
with the LI-8100A”, which is included with the 8100-405 kit, or available in
electronic format at www.licor.com/env/support.

The 8100-405 contains the GPS Receiver Assembly (p/n 9981-185), mounting
bracket (p/n 9981-211), 12-pin Eurofast splitter cable (p/n 392-12388), and spare
parts kit (p/n 9981-186).
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Cable Connections

There is a panel for connecting the RS-232, chamber, and Auxiliary Sensor
Interface cables on the left side of the Analyzer Control Unit. The panel appears as
shown in Figure 2-1 below.

AUX. SENSOR AIROUT  AIRIN

(HPVOC

CHAMBER RS-232 ETHERNET
INTERFACE BELLOWS

Figure 2-1. Analyzer Control Unit cable connection panel.

Locate and attach the RS-232 Cable (p/n 392-10587), which is a 1T meter cable with
a round connector on one end that mates to the RS-232 port on the left side of the
Analyzer Control Unit. The other end of the cable has a 9-pin DB-9 connector for
attaching to the serial interface on your computer, or to the 6400-27 RS-232 to
USB adapter, for computers that only have a USB connection.

There are three hoses connected to the Survey Chambers: air to the chamber, air
returning from the chamber to the Analyzer Control Unit, and air that drives the
bellows (Survey Chambers only). The Long-Term Chambers use only two hoses: air
in and air out. These hoses are connected to the side panel of the Analyzer Control
Unit, as shown below. The hose for Air In has a male fitting and the hose for Air
Out has a female fitting. Note that one of the hoses has a piece of black shrink
wrap; this hose attaches to the Air In fitting on the Analyzer Control Unit. The
bellows hose has a male fitting, and attaches to the port marked Bellows on the
Analyzer Control Unit. Insert the hoses until the fittings snap into place. To
remove the hoses, slide the collar on the fittings; the collar on the bellows and Air
In fittings slide toward the Analyzer Control Unit, and the collar on the Air Out
fitting slides away from the Analyzer Control Unit.
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Note that the fittings on the
side panel have fine threads.
Make sure there is no debris
on the fittings before attaching
the connectors, as the threads
can be easily damaged.

Cover the connectors with the
attached connector dust caps
whenever the connectors are
not being used.

B & 7 a

Figure 2-2. Chamber hose connections.

Note that the Bellows port is active only with the Survey Chambers. If you are
using a Long-Term chamber, only the Air In and Air Out fittings are active. When
using a Long-Term Chamber the Bellows port should be plugged with p/n 9981-
118, found in the spare parts kit.

The yellow circular connector bundled with the air hoses is attached to the
Chamber fitting. Note that this fitting is indexed; you may have to rotate it until it
slips into place before tightening.

When all of the cables are connected, the side panel should appear similar to that
shown below in Figure 2-3.

Figure 2-3. Proper cable connections.
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Note that if you swap between Survey and Long-Term chambers connected to
the Analyzer Control Unit you must power the instrument off and then back
on, as the type of chamber attached to the Analyzer Control Unit is recognized
during system startup.

The Analyzer Control Unit

Using Batteries

The LI-8100A requires one 6400-03 battery to power the instrument; alternatively,
an external power source (10.5-28 VDC) can be connected via the Auxiliary Sensor
Interface. The 6400-03 fits inside the Analyzer Control Unit, and can be connected
to either of the two battery connectors. You can attach a second, fully charged
battery before removing the discharged battery to provide uninterrupted operation.
The 6400-03 requires the LI-6020 Battery Charger, which charges up to four 6400-
03 batteries at once.

Using PCMCIA (PC) Adapter Cards

The Analyzer Control Unit has two slots for insertion of two PC cards; only one
compact flash, wireless adapter, or Ethernet adapter card can be installed in the
Analyzer Control Unit. It is not possible to install two of the same type of PC cards
at the same time. The Analyzer Control Unit is configured at the factory with a
compact flash card adapter and Ethernet adapter card installed. If you choose to
control the instrument with the optional wireless package, you will need to eject
either the compact flash or Ethernet adapter card. The Ethernet adapter card is
connected internally to a short cable that extends to the Ethernet connector on the
Analyzer Control Unit side panel. If you choose to eject the Ethernet adapter card,
simply remove the cable at the junction shown below in Figure 2-4.

Disconnect the Ethernet
/ card adapter cable here.

Figure 2-4. To remove the Ethernet adapter card, eject the card, and disconnect the cable at
the junction shown.
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NOTE: Always eject the compact flash card (see File Manager in Section 8,
“Windows Software Reference”, or File Manager in Section 9, “PDA Software
Reference”) before removing the compact flash. Turn the instrument off before
removing or installing the wireless PC card.

About LI-8100A Data Records and Storage Options

The LI-8100A has 18 Megabytes of onboard flash available for data collection. The
data stored in onboard flash is compressed at an approximate ratio of 3:1.
Therefore, with compression*, about 50 MB of data can be stored on the
instrument. If more space is required for data logging, a compact flash card can be
used as well. Typical compact flash cards range from 128 MB to 4 GB or larger. A
1 GB compact flash card is currently included with each instrument.

When logging all data values, the size of the record is approximately 190 bytes.
Table 2-1 summarizes the amount of space required to log the largest data record

at one second intervals.

Table 2-1. Storage space required to log largest data record at 1 second intervals.

Data Logging Period | Space Required
1 minute 11.1K

1 hour 667.9K

1 day 15.6MB

100% duty cycle logging all data fields at 1T Hz

Typical protocols would not require the instrument to be recording data 100% of
the time (except when used with the LI-8150 Multiplexer). Table 2-2 illustrates
some example observation configurations and their respective durations based on
internal storage.
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Table 2-2. Examples of observation lengths and duration that can be stored to
internal memory.

Observation Length**| Frequency Duration | Duration
(minutes) (observations/hour) | (hours) | (days)

3 15 102 4.25

2 15 153 6.3

3 4 384 16

2 4 576 24

3 2 768 32

2 2 1153 48

Possible long term protocols, logging all data fields at 1 Hz

*The compression ratio depends on the redundancy of data items. The more redundant the
data, the higher the compression ratio will be.

**The observation length is defined to be the amount of time the chamber is closed
collecting data.

Using a Wireless Card

An optional wireless package (p/n 8100-565) is available from LI-COR for those
users who want to control the LI-8100A via a wireless network. The wireless
package includes a fixed networking Type Il PC Card that can be inserted into
either of the two PC card slots in the Analyzer Control Unit. The wireless PC card
will replace either the Ethernet adapter card or Compact Flash card. The wireless
card included is the only card warranted for use with the LI-8100A; while other
cards could be used, LI-COR cannot guarantee the integrity of the data. Separate
instructions for wireless networking with a PDA are included with the LI-8100A;
see "Configuration of PDAs with the LI-8100A Automated Soil CO; Flux System for
Wireless Communication".

Air Filters

There are two Balston air filters located inside the Analyzer Control Unit. One of
the filters is on the flow path from the attached chamber, and the other is on the
bellows air path, and is used only when a Survey Chamber is attached. The
bellows air path draws air from outside of the Analyzer Control Unit through a port
on the front panel.

The air filter on the flow path will need to be replaced after about 3 months of
continuous use, depending upon the conditions under which the instrument is
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used. If the short section of tubing between the filter and the optical bench is
contaminated, the filter and the tubing should be replaced. Instructions for
replacing the air filters are given in Section 12, Maintenance.

When the LI-8100A is powered on using the ON/OFF button on the indicator panel
inside the Analyzer Control Unit, a series of LEDs will light.

LESI00OA
@ LOW BATTERY @©
ON/OFF ACTIVE ®
IRGA READY ©®
READY ®
POWER @
LI-COR’ Automated Soil
Boscences CO; Flux System

J

Figure 2-5. The indicator panel is located on the inside panel of the Analyzer Control Unit.

Power - On when ON/OFF button is pushed, and indicates that power is applied to
the instrument.

Ready - On when the instrument is ready to communicate with a computer or
PDA.

IRGA Ready - On when the IRGA has reached its operating temperature. This may
take about 10 minutes after the instrument is powered on. The instrument will
function before the IRGA Ready light illuminates; however, measurements should
not be made until the optical bench has reached its operating temperature.

Active - On when the LI-8100A is making a measurement.
Low Battery - On when the input voltage drops below a factory-determined

threshold (approximately 10.94 volts). If the voltage drops below 10.5 volts, the
instrument will turn off.
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Automatic Restart Function

The LI-8100A has the capability to restart a measurement following a power
interruption to the instrument. Enabling this feature requires the user to first
reposition a small jumper in the Analyzer Control Unit housing. When the jumper
is repositioned, power will be restored to the instrument when it becomes
available; note that this function is available only when the LI-8100A is powered
via the Auxiliary Sensor Interface, and is not available when powered by a battery
inside the Analyzer Control Unit. Note, too, that in order to restart the
measurement, this feature must also be enabled in software, following the jumper
placement.

The LI-8100A jumper is located on the underside of the circuit board located
directly below the PC card slots in the Analyzer Control Unit. Remove the access
panel to view the jumper. Note that there are three pins aligned horizontally on
the underside of the circuit board, below the words “Power On” imprinted on the
circuit board. When configured at the factory, the jumper covers the leftmost and
center pins (Keypad position, Figure 2-6). In this position, if power is interrupted,
the instrument can only be restarted by pressing the On/Off button on the keypad.
By repositioning this jumper so that it covers the center and rightmost pins (Aux In
position, Figure 2-7), power can be automatically restored when it becomes
available.

Keypad Aux In
Position

Paosition

Figure 2-6. Keypad jumper position. Figure 2-7. Aux In jumper position.

IMPORTANT: When the jumper is in the Aux In position, the LI-8100A presents a
potential shock hazard. For example, if power is interrupted and the unit shuts off,
it is possible to remove the access panel and make contact with electrical
components; if the user is unaware that a power interruption caused the instrument
to shut down, power could be automatically restored while the user is in contact
with these internal components. For this reason, we recommend that you always
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disconnect the power supply from the instrument before servicing any internal
components in the Analyzer Control Unit.

If you want the LI-8100A to restart the current measurement following a power
interruption, reposition the jumper to the Aux In position as described above, and
enable the Auto Restart function in software; in the LI-8100A Windows software,
choose Instrument Settings from the 8100 menu and enable the 'Resume
measurement on instrument restart' check box, as shown in Figure 2-8 below. In
the Apple iOS Interface Software, tap on Instrument Settings on the 8100 menu,
and enable 'Automatic Restart', as shown in Figure 2-9 below.

= Instrument Settings

Ingtrurnent iolumes

Instrument Mame: ]-'“-"-EUW'I IRGA Wolume [ {19
bux Volume [cnel |55

“Meazurement Settings

v Continue measurement after a chamber error occurs IRGA

v Resurne measurement on instrument restart, IRGA Averaging [sec): |4 = |

(] | Apply | Cancel |

Figure 2-8. Auto Restart function in Windows® software.
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s100  Instrument Settings

Name: CHAMBER
Date: 2011-09-11
Time: 10:10:10

Network Params: 172.24.41.116

Automatic Restart:| ENABLED

Chamber Error: Continue On

IRGA Averaging: 4

IRGA Volume: 19.0

Figure 2-9. Auto Restart function in Apple iOS software.

Using the Auxiliary Sensor Interface

The Auxiliary Sensor Interface attaches to the side of the Analyzer Control Unit and
allows for connection of your choice of sensors, or an alternative power supply.
The Auxiliary Sensor Interface is O-ring sealed, and has connections for up to 4
thermocouples (types E, J, or T, or raw), and 4 general purpose input voltage
channels, any of which can be configured to measure a soil moisture probe.
Sensors can be powered externally or by the LI-8100A with a constant 5 VDC
source. The Auxiliary Sensor Interface also has a 12-28 VDC input (3A minimum)
for use with external power. Note that on Type E, J, or T thermocouples, the red
wire is negative. Note, too, that on the 8100-201 Thermocouple Probe, the red
wire is negative, and the purple wire is positive.
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Figure 2-10. Auxiliary Sensor Interface and connector.

Auxiliary Sensor Interface Terminals

Loosen the 4 philips head screws in each corner of the Auxiliary Sensor Interface
module and remove the top cover. The interior of the interface appears as shown
below.

Figure 2-11. Auxiliary Sensor Interface interior.

Note that there are 2 terminal strips, with connections as follows:
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o
Z Z + o+ o+ 0+
(O]

+ 0+ 0+

Lvind voutlvour!
10.5-28VDC 5VDC  5VDC
SAMAX 30mA  30mA
SWITCHED

Figure 2-12. Graphical representation of terminal positions.

The terminal positions are numbered and configured as follows, reading left to

Ly Lrpd Lygd Lgy

right:

Terminal Label Description

1 V1 + Voltage input 1 positive

2 V1 GND Voltage input 1 ground

3 V2 + Voltage input 2 positive

4 V2 GND Voltage input 2 ground

5 V3 + Voltage input 3 positive

6 V3 GND Voltage input 3 ground

7 V4 + Voltage input 4 positive

8 V4 GND Voltage input 4 ground

9 GND Ground

10 GND Ground

11 T1 + Thermocouple input 1 positive
12 T1 - Thermocouple input 1 negative
13 T2 + Thermocouple input 2 positive
14 T2 - Thermocouple input 2 negative
15 T3 + Thermocouple input 3 positive
16 T3 - Thermocouple input 3 negative
17 T4 + Thermocouple input 4 positive
18 T4 - Thermocouple input 4 negative
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Terminal Label Description

1 VIN + Voltage input positive

2 VIN - Voltage input negative

3 V OUT + 5 VDC output positive

4 VvV OUT - 5 VDC output negative

5 V OUT + 5 VDC output positive (switched)
6 V OUT - 5 VDC output negative (switched)

Connecting Sensors to the Auxiliary Sensor Interface

There are 5 compression style strain relief cable glands on the Auxiliary Sensor
Interface top cover, through which the sensor or power supply wires pass, after
which the wires are connected to the appropriate screw terminals. To attach your
sensor(s) or power supply to the Auxiliary Sensor Interface, follow these steps:

1. Remove the philips head screw in each of the 4 corners of the Auxiliary
Sensor Interface module and remove the top cover.

2. Remove the cap from any of the 5 glands by turning counter-clockwise.

3.  Pass the wires through the top of the gland cap first, and then through the
gland. Screw the cap slightly, but don’t tighten yet.

4. Use a small flathead screwdriver to loosen the appropriate screw terminal,
and insert the wire leads into the terminal strip. Tighten the screw terminals.
Make a note of which gland the wires are passing through (e.g. A, B, C, D, or
E), and to which terminal the wires are connected (e.g. A/T1, B/V3, etc.). This
information will be needed later when you enter the sensor calibration
coefficients into software.
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Pull lightly on the wires to remove excess wire from inside the interface,
re-attach the interface top cover, and tighten the gland cap.

@ | LI-8100 LI-COR"

® == ©
R

When you have finished installing all of your sensors and/or a power supply,
attach the Auxiliary Sensor Interface cable connector to the connector on the
side panel of the Analyzer Control Unit labeled Aux. Sensor Interface. The
Sensor Interface module has metal fittings on the back that snap into the
brackets above the side panel connectors for transporting the unit, as shown
below. NOTE: In order to achieve a weathertight seal and good electrical

connection, the interface cable connector must be tightened until it

completely covers the o-ring seal on the Analyzer Control Unit connector.
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7. There are 10 EPDM type plugs that can be inserted into unused glands on the
Auxiliary Sensor Interface; the plugs prevent water, insects, dirt, etc. from
entering the interface box. Remove the top cover and insert the narrow end of
the plug through the back of the gland and tighten the cap(s) (below). The
plugs should always be inserted when there are glands that do not have wires
inserted through them.

8. Note too that there is a length of Santoprene tubing in the Auxiliary Sensor
Interface spares kit. This tubing can be cut to length and used for small gauge
wires that may not be able to be compressed sufficiently with the glands. It
can also be used for oddly shaped wires that can be difficult to seal with the
gland caps.
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Connecting Soil Moisture/Temperature Probes to the Auxiliary Sensor

Interface

The 8100-201 Omega Soil Temperature Probe (Omega Engineering Inc., Stamford,
CT)isa 10” (25.4 cm) thermocouple probe terminated with two bare wires for
connection to the Auxiliary Sensor Interface. Thermocouple channels 1-4 (T1-T4)
can be used with the Omega soil temperature probe; the probe must be set up in
software (choose Type E thermocouple).

0.0 0|0 0 0 0 0 0

)] [m) [m) (e e e
+ Z + Z +Z + 2 Z2 2 + o+ 4+
Lysd Lyod Lygd Lyt © © Lo Lygd Lyg

P Red (negative)

8100-201 Omega Probe

Purple (positive)

Figure 2-13. 8100-201 soil temperature probe connection to Auxiliary Sensor Interface.

The 8100-202 ECH,O Model EC-5 soil moisture probe (Decagon Devices, Inc.,
Pullman, WA) is a 5 cm (2") dielectric sensor that measures volumetric water
content of the soil. The probe has a stereophone jack at its base; an adapter plug is
included (p/n 436-08586) that contains a 3-wire cable for connection to the
Auxiliary Sensor Interface.

Voltage channels 1-4 (V1-V4) can be used with the ECH,O soil moisture probe; the
soil probe must be set up in software. The 3-wire adapter cable has red, bare

(ground, unshielded), and white wires that are connected to V4(+), V4(-), and V
OUT 5VDC SWITCHED(+), respectively, as shown in Figure 2-14.
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0. 0 0 0 0 0 0 0
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_~ Bare (ground)

ECH,O EC-5 Moisture Sensor

+ 0+ +

Lvind outllvour! N\
10.5-28VDC 5VDC 5VDC White (
SAMAX 30mA 30mA
SWITCHED

excitation)

Figure 2-14. ECH,O EC-5 soil moisture probe connection to Auxiliary Sensor Interface.

The 8100-203 Soil Temperature Thermistor Probe kit consists of a Soil
Temperature Thermistor Probe (p/n 8150-203) and a Probe Adapter (p/n 9981-150)
that mates to the Soil Temperature Thermistor Probe; the Probe Adapter contains a
resistor that allows the 8150-203 Soil Temperature Thermistor Probe to be used
with the Auxiliary Sensor Interface on the LI-8100A Automated Soil CO, Flux
System. The 8100-203 is terminated with bare wires for connection to the
Auxiliary Sensor Interface; the soil temperature probe must be set up in software.
The wire connections are shown below.

+ + + +

Ly Lypd Lygd Lgy

9981-150 Soil Temperature

+ 0 4+ o+ Probe Adapter
Lvind voutlvour! orange
10.5-28VDC 5VDC  5VDC
3AMAX 30mA 30mA (V OUT 5VDC+)
SWITCHED

Figure 2-15. 8100-203 soil temperature thermistor probe connection to Auxiliary Sensor
Interface.
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The 8100-204 Theta Probe has four bare wire leads for connection to the Auxiliary
Sensor Interface. Voltage channels 1-4 (V1-V4) can be used with the ECH,O soil
moisture probe; the soil probe must be set up in software. The 4-wire adapter
cable has red, blue, yellow and green wires that are connected to V OUT 5VDC
SWITCHED(+),V OUT 5VDC SWITCHED(-), V4(+), and V4(-) respectively, as
shown in Figure 2-16.

Auxiliary Sensor Interface Terminal Strips

+ +

+ ' +
Ly Ly Lrad Ly,

_~ Green (ground)

Th@
be type ML2x

Yellow (+V IN)/

+

+ 0+
Lvind outllvour!

\Blue (power supply -)
10.5-28VDC 5VDC 5VDC Red (power supply +)
3AMAX 30mA 30mA
SWITCHED

Figure 2-16. Theta soil moisture probe connection to Auxiliary Sensor Interface.

Slope and offset coefficients for linear input devices need to be entered into the
Windows Application Software and/or the Interface Software for Apple iOS before
using the soil probe. Note that the 8100-204 and 8150-204 use different
linearization coefficients, based on the organic content of the soil into which the
probe is inserted. In general, if the soil is classified as a Mineral soil, with < 7%
organic content, the probe uses one set of coefficients, and if the soil is classified as
an Organic soil, with > 7% organic content, the probe uses a second set of
coefficients, as follows:

Soil Type | Use for organic | Bulk density Use for bulk Slope | Offset
contents: range (g/cm-3) densities:

Mineral <7% 1.25-1.5g/cm3 | >1.0g/cm? | 0.529 |-0.060

Organic > 7% 0.2-0.7 g/cm3 <1.0g/cm= | 0.577 |-0.026

It is possible to perform soil-specific calibration of the soil moisture probe to obtain
linearization coefficients; refer to the ThetaProbe ML2x instruction manual for more
information.
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Important Note on Wire Insertion

When inserting wires through the gland plugs on the Auxiliary Sensor Interface, it is
important that a water-tight seal is formed when the gland plug cap is tightened.
Note that in the picture above at Step 6, the wire leads are encased in a round
sheath, which provides a good seal with the bushing in the gland plug. Bare wires
that are not sheathed do not seal tightly; moisture will travel along the bare wires,
or in the groove of two attached wires, and could blow the fuse in the Auxiliary
Sensor Interface, or cause corrosion to the connector and/or circuit board. If you
are continuously blowing fuses, check to see if the wires are tightly sealed; if not,
you may need to encase bare wires in a short piece of sheathing material.

Using Soil Collars

Both the Survey and Long-Term soil chambers for the LI-8100A require the use of a
soil collar that is inserted (and usually left) in the soil before making measurements.
Using soil chamber collars has several advantages over direct insertion if the
chamber into the soil, including:

® The disturbance effect of insertion will not affect measurements conducted
several hours or days later.

® It is possible to make repeated measurements at one location.

Construction of Soil Collars

Soil collars for use with the 10 cm (4") survey chamber can be easily constructed
from thin-walled polyvinyl chloride (PVC) pipe. The tubing must have an inside
diameter of 10 cm (3.930”) minimum and an outside diameter of 11.4 cm (4.50")
maximum. Cut a section approximately 8.9 cm (3.5”) long or longer, depending
on your soil type and experiment. Bevel one edge with a grinding wheel so that it
is easier to press into the soil. The 10 cm (4") soil collars are available from LI-COR
under part #6581-157 (1 each).

Soil collars for use with the Long-Term chambers or 20 cm Survey Chamber require
a bit more effort to construct; we use a thick-walled 20.3 cm (8") PVC sewer pipe
(i.e., Schedule SDR35), and a large lathe to bevel the edge. If you have access to a
machine shop and want to try to construct your own 20.3 cm (8") collars, we have
provided the mechanical specifications below. You can bevel the edge as desired,
but keep in mind that a sharper edge will aid in insertion of the collar, particularly
in hard soils. The 20.3 cm (8" soil collars are also available from LI-COR under
part #6581-044 (1 each).
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39" min 1.D./4.5" max O.D. | 8.4" O.D. |
(9910 11.4 cm) ‘ (21.34 cm) \

4.5"x0.125"
(11.43 cm)

p——— x

24°

Figure 2-17. Dimensions for 10 cm (4") and 20.3 cm (8") soil collars.

Installing and Using Soil Collars

Soil collars should be installed several hours to one day before making a
measurement. You can test to see if the flux has stabilized by making a
measurement immediately after installing the collar, and then make subsequent
measurements over time. Note, however, that the soil surface CO, flux depends

on the time of day, and the diurnal cycle can be quite large.

In hard or compacted soils, it may be helpful to use a knife or sharp screwdriver
blade to create a channel of appropriate depth around the circumference of the
collar before insertion. For the larger 8" collars, you may need to lay a piece of
wood across the collar and pound with a hammer.

Insertion Depth

The optimal collar height will vary with site conditions and the length of time the
collars will be used at a given site. Ata minimum, the collar should be inserted
into the soil to a depth that gives a solid foundation so the collar does not move
when moving the chamber on and off the collar. As insertion depth is increased,
lateral diffusion of CO5 in the soil column below the chamber will be reduced.
The advantage of this is that lateral diffusion can be a source of error in the
measurement (Healy et al., 1996), but the disadvantage is that as insertion depth
increases, the possibility of root shearing increases. Collars may become loose
over time and should be moved if this occurs.

Collars should extend a minimum of 2 cm above the soil surface for the 10 and 20
cm Survey chambers, and 3 cm or more for the Long-Term chamber, depending on
the slope of the site. Collars can extend above the soil more than 2 or 3 cm, but
with greater extension there is increased shading and perturbation of air movement.
Over the long term, these perturbations could result in changes of evaporation rate,
soil temperature and soil moisture.
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Measuring the Chamber Offset

The chamber offset is used to determine the volume of air inside the soil collar,
which is in turn used to calculate the total system volume. The total system
volume is an important part of the flux calculation, so it should be determined as
accurately as possible. Note that the chamber offset is measured differently for the
Survey and Long-Term Chambers. With the Survey Chambers, the chamber offset
is measured by the distance between the soil surface and the top of the soil collar.
With the Long-Term Chamber, the chamber offset is measured by the distance
between the soil surface and the upper edge of the chamber base plate, as shown
below.

The chamber offset for the Survey Chambers
is measured by the distance between the soil
surface and the top of the soil collar.

The chamber offset for the Long-Term
Chambers is measured by the distance
between the soil surface and the upper edge
of the chamber base plate. First measure the
distance from the soil surface to the top of the
soil collar,...
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and then subtract the distance between the
upper edge of the chamber base plate and the
top of the soil collar to obtain the offset value.

This value should be as close to 1 cm as
possible, since the default Long-Term
chamber volume value in the software
accounts for displacement by the collar. That
displacement is estimated assuming that the
collar is 7 mm thick and protrudes 1 cm
above the chamber base plate.

Figure 2-18. Chamber offset measurement using Survey and Long-Term Chambers.

In uneven or sloping soil conditions, make measurements of the chamber offset at
multiple points within the collar (i.e., North, South, East, and West), and then
average these measurements to obtain the chamber offset that is entered into
software.

When setting the 10 cm Survey chamber onto the collar, care must be taken not to
let the bottom edge of the chamber disturb the soil within the collar (this will not
occur if the collars extend more than 2 cm above the soil surface). Care should be
taken, also, to make sure the collar is not disturbed when placing the chambers on
or around them. The chamber edge should be as close to the soil surface as
practical (within 1-2 cm) so that air flow within the chamber produces mixing near
the soil surface. A foam gasket between the bottom of the Survey chambers and
the top of the soil collar minimizes leaks between the collar and the chamber. The
Long-Term chamber mounting plate uses a rubber flange that seals this space
between the chamber and the collar.

Placement of Soil Temperature and Moisture Probes

There have been numerous reports showing a strong correlation between soil CO,
flux and soil temperature (e.g., Hanson et al., 1993, Norman etal., 1992). Soil
temperature and moisture may vary significantly with depth (Hillel, 1982), and is
dependent on a number of site characteristics (e.g., exposure to light, shade,
wind). In general, temperature and moisture measurements should be made in
close proximity to the CO; flux measurement.
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Measurement Quick
Start

This section is designed to quickly demonstrate a simple LI-8100A measurement.
For the purposes of this discussion we will refer to the use of the LI-8100A
Windows application software. Follow these steps to complete this tutorial:

1.

Connect the chamber cables, battery, and computer as described in Section 2,
Initial Setup.

Install the Windows application software as described in Section 8, Installing
the PC Communications Software.

Place the chamber on a soil collar. Collar installation is discussed in detail in
Section 2, Initial Setup. If you have not installed the soil collars yet, refer to
Section 2, Installing the Soil Collars.

Turn the LI-8100A on using the ON/OFF button on the keypad on the inside
panel of the Analyzer Control Unit. Wait for the "Ready" light to come on.

Open the LI-8100A Windows application software and click on the Connect
icon, or choose Connect from the Communication menu. Choose the serial
(COM) port on the computer to which the LI-8100A is connected, or the IP
Address if you are connected via the Ethernet cable.
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= LI-8100 Automated Soil CO2 Flux System

Communication Setup View Utilities 100 Help

EI Connect Ctrl+C — ;

& Eeriat

Serial Port (COM]

" TCPAP

| &

Connect | Cancel |

6. Observe the Status of the IRGA on the Main window of the LI-8100A software,

or the LED of the LI-8100A keypad. After about 10 minutes, the IRGA Ready
LED will illuminate, and the Status in the Main window will show "IRGA:
READY".
|_ Status |

A MHone detected

State: OPEM

Flaw Fump: OFF

IRGA: READY

Multiplexer: Mot Attached

GPS: W alid Position Es

7.

Choose Measurement Configuration from the Setup menu. The Single
Chamber Configuration dialog appears:
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& Single Chamber Configuration

Configuration Categories:
Fart Setup

Repeat
Thermacouples
Presets

Sequence Time (HH:Mi:55):
000345

Total Time [D0:HH:MR:SS5]:
00:00:03:45

Chamber | Observation | Data Logging] Wl ] W2

Chamber

IDGET TR D) o Survey - [3100-103)

e

=

|va |ws |

Tatal Systen Yalume

4092.5 cré

Temp Source: |Chamber E

Wolume Comections

If connected to a LI-COR
chamber, this should always
be set to ‘Chamber’.

Soil Area o] |317.8
Chamber Offset (cm); |0.0

Cloze

Apply to Port

Use the Chamber pull-down menu to choose the type of chamber you are
using. The choices are:

Chamber

Chamber: |2D o Survey - [3100-103)

[

Custom

Lang Term - [3100-107)
Long Term - [3100-104)
Long Term - [3100-104C)

Custom — a user-built chamber, or tubing used for profiling studies.
Long Term — LI-COR p/n 8100-101

Long Term — LI-COR p/n 8100-104
Long Term — LI-COR p/n 8100-104C
10 cm Survey — LI-COR p/n 8100-102
20 cm Survey — LI-COR p/n 8100-103
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Port Setup
Repeat
Thermocouples
Prezets

Configuration Categories:

Measurement Quick Start

The Chamber Volume and Soil Area values are automatically entered. Enter a
value for the Chamber Offset. The Chamber Offset is the distance (in cm)

between the soil surface and the bottom of the soil chamber, and is dependent
upon the depth that the collar is inserted into the ground (discussed in Section

2, Initial Setup). Ultimately, this offset will affect the total volume of air in the
chamber that is used to calculate flux.

Click on the Observation tab.

X

Chamber Observation | Datalogging| W1 | w2 |w3 w4 |

Obszervation

Treatment Label: |T et

00:02:45

00:00:03: 45

Sequence Time [HH:Mi:55]) Hleeotogllenai: zecond(z] Frepum=: zecond(z]

Tatal Time [D0:HH: M55

minute(s] minute(s]

Dead Band: second(s) Post-purge:: second(z)

Observation Count:

[ Stop observation if BH reaches: X

Apply to Faork
Claze

For this example, we'll simply use the default values that appear in the
window. Enter a Treatment Label if desired.

Choose Instrument Settings from the 8100 menu.
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= Instrument Settings

Ingtrument iolumes

Instrument Mame: ]-'“-"-EUW'I IRGA Wolume [ {19
bux Volume [cnel |55

“Meazurement Settings

v Continue measurement after a chamber error occurs IRGA

v Rezume meazurement on instrument restart, IRGA Avcracing [ock |4

4

(] | Apply | Cancel I

Enter a name for the instrument at "Instrument Name" (ACU401 in the
example above). The instrument name is sent to the LI-8100A, where it is
saved and becomes part of the data record. Click Apply. Click OK.

10. Click on the New Measurement icon (F_ﬁ ) on the tool bar, or select Start

New Measurement from the Setup menu. The Start a Measurement dialog
appears:
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11.

12.

X

= Start a Measurement

Measurement Canfiguration

Preset: |Cunent Settings j

Measurement File

Mame: |Test2

{+ Create a standard data file
" Split data files by the: |Day  «| [Appends a date ta the file name)
" Append data to an existing file

Comments:

Deztination

* Onboard Internal Flash
" Compact Flazh Card [PCHClA]

Measurement Start

fo" Start Immediately
O Stat ot [EII/04/27 = [1253 = Stat Measwement |

Cloze

Enter a File Name, and Comments if desired. Data can be logged to the
LI-8T00A internal flash memory, or to a Compact Flash Card (CF), if one is
installed.

Click Start Measurement. The dialog box will close. As the chamber
automatically closes, observe the progress of the measurement in the Main
window. After the measurement is finished, the chamber will automatically
open.

To view the data you have collected, select Summary Records from the View
menu. The Observation Summary dialog box appears. Verify that the flux
values are reasonable. Click Previous or Next to scroll through all
Observations. When finished viewing the records, click Close.
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& Observation Summary

£3

Summaries
Meazurement: Test? 81x
Obzervation: 1
Port: 1
Label:
Tirne; 200404421 13:24
Statuz: Exp
Flu: 216
Flue CW: 13

Now you should experiment with the setup parameters to optimize your

3-7

measurement protocols for the conditions in which you are conducting your
experiments. To assist you, Section 4 describes the theory behind the LI-
8100A's equation derivation and flux calculation method. Sections 6 and 7

include measurement protocols and tips for using any of the four soil

chambers.

About LI-8100A Data Files

An LI-8100A data file consists of lines of tab-delimited text with one or more

Observations. An Observation is preceded by Header information, and also

contains Raw Records, Summary Records, and Footer information as shown

below.
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4 N
LI-8100A: 199 92 4593 23a 192
File Name: test1
Instrument Name:MUX1
Serial Number:81A-0109
Software:  2.a.12
Comments:
bt 1 Header
: <several lines removed>
V4info: 0 M=1 B=0
Labels_01: 28
\Type Etime Date Tcham Pressure  H20 c02 Cdy )/
/1 -1 2006-01-10 12:04:410  97.65 4768 634.51 63755
1 -1 2006-01-10 12:04:420  97.59 4781 633.96 637
1 0 2006-01-10 12:04:430  97.52 4.75 627.32  630.31 Raw Records
: <several lines removed>
U 89 2006-01-10 12:06:120  97.47 4616 634.87 63782 J
2 0 2006-01-1012:06:120 97.5 4.704 622.51 62545
3 445 2006-01-10 12:06:120  97.48 4.621 632.48 635.42 Summary Records
4 89 2006-01-10 12:06:120  0.06 0.146 16.96 17.03 )
7 CrvFitStatus:Lin N
Exp_Flux:  0.000000
Exp_FluxCV:19.900000
Exp_dCdry/dt:0.048000
Exp_R2:  0.223300
: <several lines removed>
Lin_SSN: 53384 Footer
Lin_SE: 0.0090
Crv_Domain:90
Crv_#Smp: 90
Dead Band: 00:00
\ _TimeClosing:2 )

Header - The lines from "LI-8100A" through the labels line.

Type - The first item in each record is called the Type, and it identifies the type of
record. The types are -1, 1, 2, 3, and 4.

Type  Description

-1 Warning Record

1 Raw Record

2 Initial Value (regressed from first 10
seconds of ETime>0 data)

3 Mean Value (of ETime>0 data)

4 Range Value (of ETime>0 data)

Raw Records - A record of Type = 1. These records represent measured data from
the time the chamber starts to close, to the time when it starts to open.
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Summary Records - A record of Type 2, 3, or 4. An Observation always has one of
each, for a total of three.

Type 2 records for measured columns represent initial values based on a linear
regression with Egme of the first 10 seconds of data.

Type 3 records for measured columns are the mean values of all the data.

Type 4 records for measured columns are the ranges (max - min) of all the data.

Footer — the results of the analysis, including flux values. The footer won’t be

present for files logged with the “Compute Flux” option turned off.

Observation — the Header + n Raw Records + 3 Summary Records + the Footer.

The Summary Records consist of a number of Measured Variables, some of which
appear in all Observations, (i.e., Date, Pressure, CO,, H,O, etc.) and some of
which are optional, and a number of Final Variables of Type 2, 3, or 4, as shown
below. Summary statistics of Measured Variables are identified by the column
label, and a prefix of “IV”, “Mean”, or “Range”. Thus, for example, “IV Cdry”
means the Type 2 value of the Cdry column, and “Range Etime” means the Type 4
value of the Etime column.

w

4A5X
4A5X
4A5X
4A5X
4A5X
4A5X
4A5X
4A5X
4A5X
4A5X
4A5X

4A5X
4A5X
4A5X

0 2004-02-1914:26:31 22.13 94.16 20.808 462.6 472.@

1 2004-02-1914:26:32  22.14 9417 20.873 464.87 474.78 /RaW (Type 1)

2 2004-02-1914:26:33 2215 94.17 20.941 46532 47527

3 2004-02-1914:26:34  22.16 94.16 21.024 467.67 47741

4 2004-02-1914:26:35 2217 94.17 21.077 46886 47896

5 2004-02-1914:26:36 2218 94.17 21.13 47089 481.05

6 2004-021914:26:37  22.19 94.17 21197 472.65 482.89 .

7 2004-021914:26:38 222 9416 21223 472.37 48261 Initial Value (Type 2)

8 2004-02-1914:26:33 2222 94.17 21.293 47576 486.11 Mean (Type 3)

9 2004-02-1914:26:40  22.23 94.17 21299 47576 486.11

10 2004-02-19 142641 2224 9417 21404 47671 487.13 Range (Type 4)

0 2004-02-1914:26:31 2214 9417 20.897 46475 47467/// 47467 1645 83 90 1.1 19 8352 325 83.7 112622
60 2004-02-1914:28:32  22.43 9417 22559 550.77 563517/ 56351 1412 7.13 0.0293 30 19 8352 325 837 1126.22
120 2004-02-19142832 037 003 249 16617 171_3yw«35 000512 12583 900 0 0 0 O

Final Variables

The table below lists the LI-8 100A variables, including the Label that appears in the
Header information, and a description of the variable. A summary of the method
and equations used to compute the Measured Variables, including the appropriate
slope of Cyy, is given in Appendix D.
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Table 3-1. LI-8100A Variables

Label Description — Header Variables

LI-8100A 5 hexadecimal values giving the size of the header,
label, raw data, summary data, and footer

File Name File name stored on LI-8100A

Instrument Name

User-entered instrument name

Serial Number

Instrument serial number

Software Version of embedded code in the instrument

Comment User-entered at time of data collection

Obs# Observation number

Port# Multiplexer port number (0 if not using multiplexer)

Label User-entered at time of data collection, same value in
all records

Type The type of record

Pre-purge Wait time between observations

Observation Length | Original observation length

Flow8100 Pump setting in LI-8100A Analyzer Control Unit

FlowMux Pump setting in the LI-8150 Multiplexer

Tmux Multiplexer temperature at start of observation

Virga IRGA volume, in cm’

Vmux Volume of the multiplexer (if present), in cm’

Vext Volume of extension tubing, in cm’

Vcham Chamber and tubing volume, in cm?

Offset Collar offset dimension (cm)

Area Exposed soil area (cm?)

Viotal Total system volume, in cm?

V1 Info Information on how the voltage channel is configured;
multiplexer channel, slope, offset, etc.

V2 Info !

V3 Info !

V4 Info “

Labels_01

Number of columns in the raw data section
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Label

Description — Footer Variables

CrvFitStatus

Curve fit solution. “Exp” means the exponential fit was
better than the linear fit (Exp_SSN<Lin_SSN). “Lin”
means the linear fit was still better after the maximum
number of iterations, and the non-linear coefficients
have therefore been derived from the linear fit

Exp Flux Flux computed from Exponential Fit

Exp_FluxCV Coefficient of variable (%) of Exp Flux

Exp_dCdry/dt Slope of the Exponential Fit at time ty (Eq. 4-15)

Exp_R2 Correlation coefficient for Exponential Fit

Exp_SSN Normalized sum of squares of residuals for Exponential
Fit

Exp_SE Standard error (%) of the Exponential Fit

Exp_a The a term in the Exponential Fit

Exp_Cx The C,, term in the Exponential Fit

Exp_Co The C, term in the Exponential Fit. Usually the IV
value of Cdry, but if followed by *, indicates it has
been manually set.

Exp_t0 The t, term in the Exponential Fit

Exp_lter Number of iterations used in the Exponential Fit

Exp_Maxlter Maximum number of iterations allowed for the
Exponential Fit. This is fixed to 10 in the LI-8100A (but
can be ajusted in the FV8100 program)

Lin Flux Flux computed from Linear Fit

Lin_FluxCV Coefficient of variable (%) of Lin Flux

Lin dCdry/dt Slope of the Linear Fit

Lin_R2 Correlation coefficient for the Linear Fit

Lin_SSN Normalized sum of squares of residuals for Linear Fit

Lin_SE Standard error (%) of the Linear Fit

Crv_Domain Time span (s) used in the curve fit

Crv_#Smp Number of data points used for curve fitting

Dead Band Time (s) after the chamber closes that are skipped by

the analysis, in the latest (re-)computation

TimeClosing

Time, in seconds, it took the chamber to close
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Measuring Carbon Dioxide Flux from the Soil

Carbon dioxide in the soil is produced by respiration from plant roots and
microorganisms surrounding the roots, and from heterotrophic microorganisms that
metabolize plant litter and soil organic matter. In some soils, CO, is also generated
by the action of rainwater on calcareous substrates. Respiration and metabolism
depend strongly on temperature, so it is not surprising to find that CO, efflux from
the soil is also temperature dependent.

Carbon dioxide moves from the sites of production to the atmosphere primarily by
diffusion through air-filled pores and cracks in the soil, but it can also be driven by
local changes in pressure due to wind or volumetric displacement by rain. The air-
filled porosity of the soil varies with soil type and moisture content, so these
characteristics can have a significant effect on CO, movement in the soil.

The LI-8100A uses the rate of increase of CO, in a measurement chamber to
estimate the rate at which CO, diffuses into free air outside the chamber. For such
an estimate to be valid, conditions must be similar inside and outside the chamber;
these conditions include the concentration gradients driving diffusion, barometric
pressure, temperature and moisture of the soil.

The CO, gradient between the soil surface layer and air are not exactly the same
inside and outside the chamber, because there is an increase in CO, mole fraction

inside the chamber. The diffusion rate is estimated and corrected for using an
analytical technique that takes into account the effects of increasing chamber CO»

concentration on the diffusion gradient. This makes it possible to estimate the
initial rate of CO; increase that occurred immediately after the chamber closed.

It is also important to consider the effect of the presence of the chamber on CO,

gradients within the soil. Detailed diffusion model studies have shown that
chambers can alter gas concentration gradients in the soil, leading to errors in CO,

flux estimates (Healy, et al., 1996). We recommend limiting measurement times to
about 1 1/2 to 3 minutes in order to keep chamber CO, concentration changes as

small as possible, and minimize this effect.
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Soil CO;, flux varies substantially in both space and time. The LI-8100A can be
used to sample both types of variability. The Survey chamber allows rapid
measurements to be made at many sites, and the Long Term chamber supports
automated, sequential measurements at a single site over time. Both chambers
have carefully designed pressure vents to prevent pressure gradients and wind
incursion from outside the chamber. Both chambers close automatically,
minimizing mechanical disturbances during the measurement. The Long Term
chamber moves away from the soil measurement area when a measurement is not
in progress. For example, if a 2-minute measurement is made once every 30
minutes, the soil will be fully exposed to sun, wind and precipitation more than
93% of the time. This is an important consideration to ensure that the moisture and
temperature of the soil within the measurement collar are similar to the
surrounding soil.

Deriving the Flux Equation: The Model

ik
T

Soil Chamber

Figure 4-1. Diagram depicting a chamber of volume v (m?) and surface area S (m?) sitting
over the soil, which has CO> efflux rate f. (mol m™ s7!) and water evaporation flux rate f,,,
(molm2s7).

At constant pressure, the total rate at which water evaporates into the chamber sf,,
(mol s71) is balanced by a small flow rate of air out of the chamber u (mol s'1). The
CO; mole fraction of the air outside the chamber is c,, inside the chamber is c,
and in the soil is ¢, all in mol mol-!.  The chamber air water vapor mole fraction is
wc (mol mol™!). The rate constant k (s!) characterizes leaks (if any) due to diffusion
of CO, between the soil chamber and outside air. The chamber volume v
includes the volume of the pump and measurement loop.



Theory of Operation m

The mass balance equations for CO,, water vapor and air take the form
storage = flux in - flux out.
We neglect the effects of leaks for now, but we will consider them later.

CO, Mass Balance

Ipe

v =sf.—c.u 4-1

H,0 Mass Balance

w

p
v ﬁtc =sf,, — Wit 4-2

Air Mass Balance

17
g; =sf, +sf,,—u 4-3

\4

pcC is the number density of CO; in the chamber, p.Y is the number density of
water vapor in the chamber, and pc is the total number density of air in the
chamber (all in mol m=3); pc = pc? + pc€ + pcY, where pc@ is the number density of
dry air in the chamber.

The number density of air is given by the ideal gas law, pc = p (RT¢)"!, where R is
the gas constant (8.314 Pa m3 K- mol!), and T is the absolute temperature (K).
From equation (4-3), with p and Ty constant, and sf,, >> sf,,

u = sfy 4-4
Combining equations (4-2) and (4-4), and noting that p." = pc w¢, we find

VP W,

= 4-5
1-w, ot

§f

Combining equations (4-1), (4-4) and (4-5) gives
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s \ot 1-w,. o

c

5 =ﬂ(f&+c_cf?wc) 46

Equation (4-6) has the same form as that used in the LI-6400 Portable
Photosynthesis System for soil respiration; however, it can be simplified by defining
cc' = ce (1-we)T, which is the chamber CO, mole fraction corrected for water
vapor dilution. This is called Cdry (ppm) in the LI-8100A data output.
Differentiating c.' we find,

- c. ow,
o 1-w,. ot

s,

ac,
(l—wc)j=

Substituting this into equation (4-6) gives

ac,
Le 4.7
ot

fe="Ee-w,)
N
Equation (4-7) has an important advantage over equation (4-6) because it is not
necessary to estimate the rate of increase in water vapor mole fraction. In most
measurements, the water vapor mole fraction increases in a highly non-linear
fashion, and the rate is estimated with a linear function. Thus, in effect, equation
(4-6) forces us to use average values for awc/at and we. But with equation (4-7),

the dilution correction is made point-by-point, and estimates of the initial values at
time zero are used to estimate f. at the instant the chamber closed. This is both
easier and more accurate than the procedure required to implement equation (4-6).

In order to use equation (4-7) the initial values must be known for p and T (to
compute pc), as well as the initial values for w¢ and acc'/at. After the chamber
closes, the LI-8100A performs a linear regression with time on the first 10 values of
each measured variable. The initial values of p, T and w,. are obtained from the
time zero intercepts of these regressions; however, finding the initial value for
acc'/at requires a little more work.

To do this, f. is defined in terms of the CO, mole fraction gradient across the soil-
to-chamber interface and a transfer coefficient, to obtain

fe = peglcs - co) 4-8

where c; is the CO, mole fraction in the soil surface layer communicating with the
chamber (mol mol"), g is conductance to CO, (m s™'), and p, is the density of air
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(mol m3). The soil and chamber must be isothermal for equation (4-8) to hold. A
correction for non-isothermal conditions could be included if one is needed.

Combining equation (4-8) with equation (4-7), considering all variables except c.’'
to be constant, and rearranging, gives
(?CC £C ! Sg ' 4_9

+ =—c
C N
ot v v

where ¢’ = cg(1-w)"!. When w¢ = w;, ¢’ gives the dilution-corrected CO, mole
fraction in the soil layer communicating with the chamber. We do not expect w,
to equal w; exactly, but most of the time they will differ by less than 0.02 mol/mol
or so, which introduces only a small uncertainty in c,'. If ¢;' is taken as a constant,
then equation (4-9) can be integrated to give

cc'(t) = cg' + [cc'(0) - c5'le Mt 4-10

where A = sg v'T is a rate constant (s1) and ¢.'(0) is the initial value of the dilution-
corrected CO, mole fraction when the chamber closes. The rate of change in c.'(t)

at any time can be computed from the derivative of equation
(4-10).

‘?;;‘ = Ale —c. ()] 4-11

Calculating the Flux from Measured Data

In the LI-8100A, equations (4-7), (4-10) and (4-11) are implemented in a form that
presents the variables in more familiar and intuitive units. Equation (4-7) is
computed as

10VPy| 1- Yo
1000 oC'

F=— /-
¢ RS(Ty+273.15) ot

where F is the soil CO; efflux rate (umol m2 s71), Vis volume (cm?3), Py is the
initial pressure (kPa), Wy is the initial water vapor mole fraction (mmol mol1), S is
soil surface area (cm?), T is initial air temperature (°C), and aC'/at is the initial rate
of change in water-corrected CO, mole fraction (umol mol ).
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Figure 4-2 shows C'(t) vs t data that were obtained from a soil CO, flux

measurement with two observations. The data are marked to show when the
chamber closed and when it opened.

Observation length

Observation delay

<— Chamber <— Chamber
opens closed

<—Chamber
closed

Chamber —
Dead band begins to
close
Obsenvationl#] Observation #2
7T Cdry initial value
t
0 50 100 150 200 250 300 350 400
Time (s)

Figure 4-2. Soil CO) flux data were collected on bare soil in a tropical greenhouse near

Lincoln, NE in February 2004. Two Observations are shown. About 60% of the data from
the first Observation have been removed for clarity. For both Observations, the Observation
length was 120s, Dead band was 30s, and Pre-purge was 120s. The chamber begins to
close at the end of the Pre-purge and the first data point used in the analysis is collected after
the chamber touches down; the difference represents the time required for the chamber to

close. Observation #1: tg=7.3s, Co' = 434 ppm, Cy' = 1016 ppm, Flux = 6.4 ymol m?2 s-1;
Observation #2: tg = 2.0s, Co' = 425 ppm, Cy' = 1145 ppm, Flux = 6.0 pmol m? s71.

The Dead Band is the time until steady chamber mixing is established, and

typically lasts 20s to 30s. After mixing is stable, the data are fit with an empirical
equation that has a form similar to equation (4-10):

C'(1)=C, +(Cy -C, ye 4= 4-13

where C'(t)is the instantaneous water-corrected chamber CO, mole fraction, Cy'is
the value of C'(t) when the chamber closed, and C,' is a parameter that defines the
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asymptote, all in pmol CO,/mol air (ppm); a is a parameter that defines the
curvature of the fit (s1).

The initial value of C'(t), called Cy' in equation (4-13), is computed from the
intercept of a linear regression of the first 10 points after the chamber closes. This
is used as a parameter in the non-linear regression that fits equation (4-12) to the
C'(t) vs t data between the end of the Dead Band and the end of the observation.
This regression yields values for the parameters C,', a and ty. t = tj represents the
time when C'(t) in equation (4-13) equals its initial value when the chamber closes,
or C'(ty) = Cy'. The delay between the instant the chamber closed and ¢y gives the
time required to establish steady mixing. CO, offsets or time delays can occur
when the chamber closes, and these events can cause ty to be positive or negative
in value.

All the initial values needed to obtain the soil CO, efflux rate, F¢, in equation (4-
12) can now be computed. The initial values Py, Tp and Wy are all obtained from

the intercepts of linear regressions of the first 10 measurements of P, T and W after
the chamber closes. The rate of change of dilution-corrected chamber CO, mole

fraction can be computed at any time from

£=a(cxv _COV)e—[l(l—lo) 4-14
ot

When t = t,
aC'
> —a(C.' =C' 4-15
ot G =Co)

t=ty

Equation (4-15) gives an estimate of the rate of change in C' at the instant the
chamber closed. This value must be estimated mathematically. It cannot be
measured directly at any time during the measurement because imperfect mixing
prevents an accurate estimate early in the measurement cycle, and later in the
cycle, the increasing chamber CO, concentration continuously reduces the
gradient between soil and chamber. This suppresses the rate, as can be seen from
equation (4-14) and also in Figure 4-2.
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Relationship Between the Model Equation (4-10) and Empirical Equation
(4-13)

The diffusion model provides an equation with a form that allows correction for the
effect of changing gradients on the rate, which in turn, makes it possible to estimate
the initial rate. It is worthwhile to distinguish between the model function given in
equation (4-10) and the empirical function in equation (4-13). As just described,
the units are different in the two expressions; but more important, for the
parameters c; and A in equation (4-10) to have their defined meaning, the
assumptions underlying the derivation must be true. By contrast, equations (4-13)
through (4-15) are treated as empirical functions and are used only to estimate the
CO,, rate of change, aC'/dt. The parameters C,’, a and ty do not depend upon a
specific theoretical interpretation, and may or may not provide reliable estimates of
soil parameters.

Correcting for Initial CO, Concentrations That Differ Between Measurements
Different measurements may begin at different CO; concentrations, which
introduces variation into the data, because the flux rate changes with chamber CO,
concentration. Correcting the measurements to a common target CO,
concentration may reduce such variation. For a given curve fit, the CO, rate of
change can be computed at any CO, concentration according to

aC' . .
? = a(Cx _Ctarget ) 4-1 6

This calculation is supported in the Data Analysis software (FV8100) included with
the LI-8100A.

Evaluation of Other Methods for Computing Soil CO, Efflux

Other approaches have been used for computing CO, flux in transient
measurements. One commonly used method is to fit a linear function to what is
sometimes referred to as "the linear portion" of the curve. Unfortunately, there is
no linear portion, as can be seen from careful inspection of Figure 4-2. The slope
is meaningless in the initial phase before steady mixing is established, and after
steady mixing is established, the extent of the non-linearity depends upon the soil
surface-to-chamber volume ratio and the flux rate. During this time, CO5 vs time

curves are always concave in a downward direction, meaning that linear regression
over this portion of the data set will give an underestimate of the rate of change. In
every case we have tested so far, the average rate measured by linear regression is
less than the initial rate measured by non-linear regression. Nevertheless, linear
regression is a robust numerical approach and the mean values for the CO, efflux
rate reported by the LI-8100A in Type 3 records are computed by this method. We
recommend you use these only for comparison to the initial values, which are
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obtained by fitting equation (4-13) to the data using a non-linear regression
method.

Another approach that has been used to estimate the initial rate is to fita
polynomial to the CO, concentration vs time data. This approach is theoretically
sound inasmuch as a power series can be generated from a Taylor series
approximation to equation (4-13). Usually, the data are fit with a quadratic
equation. We tested this approach and found that while it can be justified on
theoretical grounds, it does not work very well in practice. The shape of even a
second order polynomial is sensitive to small perturbations in the data. This makes
initial rate calculations subject to much larger variations than when the same data
are analyzed by nonlinear regression using equation (4-13).

Effects of High Chamber CO, Concentrations

Finally, we consider the importance of choosing appropriate observation times
and Pre-purge times. We do not have experience on enough soil types to give
absolute recommendations for the best observation length in all situations.
Nevertheless, our experience so far suggests that 60s to 120s will often work well.
This prevents large build-ups in chamber CO, concentration at typical change rates

such as 0.5 ppm s '. We have found that optimal dead band length can vary from
about 10s to 60s, with 30s being a good value to use as a first estimate.

Dead bands and observation times can be adjusted after the fact, using the
LI-8100A Data Analysis software (FV8100). This program allows you to recalculate
data easily, using subsets of data selected to give optimal dead bands and
observation lengths. Therefore, it is not critical to choose the right dead band and
observation length in the field; as long as the observation lengths are long enough,
they can be optimized later, if necessary.

Long observations can have the effect of capping the soil and causing the CO,

concentration to build up in the soil under the chamber. This phenomenon can be
observed by performing a sequence of observations in which the chamber
concentration is allowed to increase several hundred ppm during each observation.
When the Pre-purge is set to be just long enough to allow the chamber atmosphere
to come back to the ambient CO, concentration, the initial rates in sequential

observations can often be observed to increase as the soil CO, concentration
increases. This is expected according to equation (4-15), dC.'/at = a(Cy' -
Cambient'), if it is assumed that C,' = Cyy'.  Thus, one effect of long observation
lengths may be to perturb the very process we wish to measure.

Another effect of high chamber CO; concentrations is to promote leaks between
the chamber and atmosphere. Leaks can be ignored when the gradient between
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the chamber atmosphere and ambient atmosphere are small. But when the
gradient is not small, leaks cannot be neglected and it can be shown that the
parameters in equation (4-10) are altered to become,

a=(k+gs/v)and cy' = [(gs/v)cs' + ke,'] (gs/v + k)T, 4-17

where k and c,’ are the leak rate time constant and water-corrected ambient CO,
concentration, respectively, and the expression for ¢y’ replaces ¢’ in equation (4-
10). Thus, when chamber CO; concentrations are high, the rate constant and
asymptote will reflect leaks from the system.

Table 4-1. Definitions of the variables used in the derivations and implemented in
the LI-8100A.

Variable  Description (units) LI-8100A Data File Column
14 Total Volume (m3)
v Total Volume (cm3) "Vtotal"
s Total Surface Area (m?)
S5 Total Surface Area (cm?) "Area"
fw Water Evaporation rate (mol
m2s71)
p Pressure (Pa)
P Pressure (kPa) "Pressure”
Po Initial value of P Type 1 "Pressure"
Tk Absolute temperature ((K)
T Temperature (°C) "Tcham"
To Initial value of T (°C) Type 1T "Tcham"
R Gas Constant (8.314 Pa m3 (K-!
mol-1)
fe CO; Flux (mol m2s7) Type 2 Exponential Fit "Flux"
Type 3 Linear Fit "Flux"
Fe CO> Flux (pmol m2 s
aC'/at Rate of change in water Type 2 Exponential Fit
corrected CO; (pmol mol-! s1 or | "aCdry/ot"
ppm s Type 3 Linear Fit "9Cdry/ot"
RH Relative Humidity (%) "RH"
Wc Water Vapor Mole Fraction (mol
mol-1)
w Water Vapor Mole Fraction "H20"
(mmol mol-1)
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Initial value of W

Type 1 "H20"

Rate constant (s™1)

[«
S

Air flow rate out of the chamber
(mol s

Ca

CO, mole fraction of air outside
the chamber (mol mol-1)

Dilution-corrected CO, mole
fraction of air in the soil (mol
mol-1)

Dilution-corrected CO, mole
fraction of air inside the chamber
(mol mol1

Dilution-corrected ambient CO,
concentration

PCc

The number density of CO; in
the chamber (mol m3)

pPCw

The number density of water
vapor in the chamber (mol m-3)

pC

The total number density of air in
the chamber (mol m3)

PCa

The number density of dry air in
the chamber (mol m3)

Conductance to CO, (m s

Rate Constant (s™)
Exponential Coefficient

Type 3 "CrvFit"

Time Zero

Type 2 "CrvTime'

Dilution-corrected CO» (pmol
mol)

IICdryII

Initial dilution-corrected CO,
(umol mol-")

Type 1 "Cdry"

Asymptote parameter from
exponential fit (umol mol-")

Type 4 "CrvFit"

Using the 8100-104C for Net Carbon Exchange (NCE)

At the ecosystem level, carbon (CO,) is fixed through photosynthetic carbon
metabolism, and then fixed carbon is used for growth and development of plants.
Some of the fixed carbon will be lost through respiration. Inside a clear chamber,
Net Carbon Exchange (NCE) is defined as the net carbon exchange between an
ecosystem and the atmosphere, which is the photosynthesis uptake minus the total
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respiration, including above ground respiration and soil respiration. It is a key
variable for understanding the carbon balance of an ecosystem. NCE can be
readily measured with the eddy covariance method over a large uniform field or
with the chamber-based method for short and small canopies. If no plants are
present inside the clear chamber, then the measured NCE is the soil respiration.

LAI \'%

Figure 4-3. Diagram showing a chamber volume of V' (m®) and surface area 5 (m?) sitting
over the soil with plants inside. The leaf area inside chamber is LAl. g, and g; are soil
conductance and leaf conductance (m s'). C,is the intercellular CO, mole fraction (mol mol
"), C. is the CO, mole fraction of soil air (mol mol'). C.is the CO, mole fraction inside
chamber (mol mol’).

For a clear chamber, the mass balance for CO, inside the chamber would be (see
Equation 4-7 for more information);

ac' .
at 4-18

v,
NCE = —=(1-w,)

where p_ is the air number density inside the chamber (mol m?), S is the surface
area inside the chamber (m?*), and w, is the chamber air water vapor mole fraction
(mol mol™). C.”is chamber CO, mole fraction corrected for water vapor dilution.

For soil CO, flux f.
f.=pg(Ci— C) = pg(1-w)(C',— C") 4-19

Where £, is soil CO, flux (mol m?s™), and all variables have the same definitions as
described in this section for opaque chambers.

When you have green plants with leaf area index, (LAl, defined as the ratio of total
green leaf area inside the clear chamber to ground area), the CO, uptake rate via
photosynthesis (f,) would be
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Fy = Pe8i(Co = C) = Pogy (1= wo)(CL = C)) = g (1= w)CL(1 - ) 4.0

Where f, is photosynthesis rate (mol m*s™), g; is the total leaf conductance (mol
m~?s”) including stomatal and leaf boundary layer conductance, C;” is intercellular
CO, mole fraction (mol mol™), a is C/C, ratio. We assume o to be constant over a
wide range of CO, concentrations (around 0.6 for C,-species, and 0.3 for C,
species) (Wong et al., 1979; Morison, 1987; Xu and Hsiao, 2004).

V ac .
%(1-wc)7t<= 0:.8s(1=w )(CL=CL)= LAIp,g;(1-w,)C.(1-ct) + R, o

where R, is total above-ground biomass respiration. Rearranging Equation 4-21, we
have

de. S N
—+— LAIg,(1- C. =—(g.C.+R
el + LAlg (1= )]C = (8,C5 + Ry) 42
S s
Let N=V[gs + LAIg,(1- )] and M =~(8,C; + Ry)
X NCL =M
ot 4-23
Equation (4-23) can be integrated to have
=2y icy-Hye-n
N N 4-24
, M
Let C,, =y we have
’ ' ' ' - Nt
CL(t)=C}, +(C, - C})e 425

The following equation will be used to fit the time series of C.’ (see earlier in this
section for explanation of the original of t,)

’ ’ ’ r _N -
Ce()=Cp +(C, -Cp)e (=) 4-26

Equation 4-25 is exactly the same as Equation 4-10 for opaque chambers. For the
LI-8100A, we use a generic exponential equation to fit the time series of chamber
CO, concentration. For a clear chamber, when C’,, < C’,, net carbon uptake is
observed. When C’,; > C’, from fitted equation 4-10, net carbon release is observed.
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The net carbon exchange then can be estimated using Equation 4-12, with the
information from the initial slope of the time series of C./ (Eq. 4-25). Negative flux
values will be reported for the cases of net carbon uptake and positive flux will be
reported for the cases of net carbon release. Note that C,, represents the CO,
compensation point at which photosynthesis rate is equal to total respiration rate
inside the chamber.

The above derivation involved some assumptions to make the differential equation
(Eq. 4-22) solved analytically. Not all assumptions are valid for all cases. For
example, we assume stomatal conductance is independent of air CO, level, which
clearly is not the case. The purpose of this exercise is to provide a general view on
how the time series of chamber CO, concentration behaves after the chamber is
closed.

The considerations for setting up the configuration (deadband, observation length,
observation count, Pre-purge) for the clear chamber measurement is the same as for
other LI-COR opaque chambers (8100-101, -102, -103, -104).

450 T T T . .
t=17.1s

400
\&/ Co =349.1 ppm
350 ezt —\J/ N =0.01447 s 1

g NCE =-13.0 ymol m2 s
oS 300 r
g Deadband
o 250 °
c T
00 | Cw=1763ppm ]
150 1 1 1 1
0 20 40 60 80 100 120

Time (s)

Figure 4-4. Example of time series of C.’from one observation from the clear chamber over a
short grassland on the LI-COR campus. Values for various fitted parameters (¢, C,, and N)
from Equation 4-26 are also shown. The observation length was 120 s with a deadband of 20
s. The net carbon exchange (NCE) is -13 wmol m”s™.

Shading Effects

The 8100-104C clear chamber should always be oriented so the LI-COR logo on
the base plate faces the equator. This will ensure that most of the shadows cast by
the structural elements are projected away from the collar area. Despite this key
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orientation, there may be signicant variations in collar light intensity due to the
remaining structural components around the collar. Every effort has been taken to
reasonably minimize these structural shadowing effects.

Temporal variations in light intensity inside the collar area will occur due strictly to
shading effects. It is important to consider these temporal variations when
examining flux data. LI-COR has published a paper that describes the shadow
effects when using the 8100-104C Clear Chamber; request Application Note #131.

Measuring PAR with the 8100-104C

Measurements of Photosynthetically Active Radiation (PAR) for use with

the 8100-104C can be made with the LI-COR LI-190 Quantum Sensor. A Leveling
Stake (p/n 8100-604, pictured below) is available for mounting the

LI-190 and inserting into the ground near the chamber. Because the LI-190
provides a current output, a Voltage amplifier is required to convert the LI-190
current output, and amplify into a 0-5V output suitable for use with the

LI-8100A analog inputs (contact LI-COR for amplifier information). In single
chamber mode the amplified LI-190 signal can be wired directly from the amplifier
to the 8100-663 Auxiliary Sensor Interface Box. In multiplex mode the LI-190
requires a cable adapter from the amplifier to the 8100-104C Chamber. Non-
LI-COR amplifiers require the 392-08577 plug with bare wire leads (below). This
cable is terminated with a connector that plugs directly into the analog voltage
input channels on the side panel of the 8100-104/C.

Figure 4-5. The 8100-604 Leveling Stake (left) is used to mount and level the LI-190
Quantum Sensor for measuring PAR near the 8100-104C Clear Chamber. In multiplex
mode, the LI-190 requires the 392-08577 plug with bare wire leads (right) between the
amplifier and the chamber.
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5 User Calibration

Introduction

The gas analyzer in the LI-8100A is calibrated at the factory using precision gases
at controlled temperatures. The calibration function for CO, uses a rectangular
hyperbola and also corrects for temperature and pressure, as well as band
broadening and cross-sensitivity to water vapor. The calibration function for water
vapor uses a third order polynomial and also corrects for pressure and temperature.
The Coefficients pages of the Windows and PDA software display the factory-
determined calibration coefficients, and they are also recorded on a calibration
sheet that comes with the instrument.

Like all infrared gas analyzers, the LI-8100A optical bench zero and span may drift
over time with changes in temperature, cleanliness of the optical bench, and other
factors. The zero and span procedure discussed in this section is used to correct for
any drift that may occur. Setting zero and span makes the instrument output
conform to expected values.

Zero and Span should be checked periodically, the frequency depending upon
accuracy requirements and the variability of the environment in which the
LI-8T00A is used. The majority of the analyzer drift is corrected by setting the zero,
so this should be the highest priority. It is also a good idea to verify analyzer
performance by periodically checking the span. If you begin checking these on a
daily basis and keep a log of zero and span adjustments, you will learn how much
your analyzer drifts and how frequently you need to zero and span.

The calibration of the instrument shifts if the optical path gets dirty. Most of this
shift is corrected by setting the zero and span, but the calibration curve linearity
may also change if the optical path becomes extremely dirty. Linearity can be
tested using two span gases and a zero gas. Set the zero and span as usual, and
then measure a known intermediate gas concentration. The concentration
measured should be within the instrument specification, taking into account the
known accuracy of the intermediate gas. If that is not the case, clean the optical
path as described in Section 12. Linearity changes are small even when the cell
becomes quite dirty, so frequent cleaning of the optical path should not be
necessary, especially if the filters are kept clean.
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CO, and H,0 Gas Standards

Tanks of compressed air with known CO, concentration and specified accuracy
are readily available from commercial suppliers. Such tanks can provide
convenient standards for checking the CO; span of the LI-8100A; however, tanks
are not available that contain a known water vapor concentration for checking the
span of the water vapor channel. The LI-610 Portable Dew Point Generator can be
used to provide air with a known dew point for the primary calibration of new
analyzers. The span of the analyzer in the LI-8100A is stable when the zero is set
on a regular basis, and soil CO, flux measurements are not very sensitive to errors

in the water vapor measurement. For these reasons, it is recommended not to alter
the span of the water vapor channel unless an LI-610 or similar equipment is used
to produce an accurate span gas.

CO, and H,0 Zero

Either CO,-free air or CO,-free nitrogen can be used as a zero gas. It is best to use
a column filled with a chemical CO, scrubbing agent downstream of the tank,
however, as even "CO,-free" gases at times contain 10 or 20 ppm of CO;. Note
that the scrubber may add significant H,O vapor, so you may want to use a water
vapor scrubber downstream from the CO; scrubber.

A suitable CO» zero scrub is soda lime (LI-COR part number 9964-090) and an
H,O scrub is Drierite (LI-COR part number 622-04299). When using chemical
scrubbers, it is important to make sure that the chemicals are fresh. Always be sure
to have a particulate filter installed in the air flow path between the chemicals and
the instrument.

Compressed cylinders may be at pressures of several thousand pounds per square
inch; before using them for calibration, they should be fitted with a regulator to
reduce the pressure down to a range of around fifteen pounds per square inch.

CO, Span(s)

To set either the primary or secondary CO; span, a cylinder of CO3 in air, verified
to be accurate to within at least 1%, would be a suitable choice. Be cautious with
a new cylinder, as the stated value of the calibration cylinder may be significantly
different from the actual gas concentration (i.e., mislabeled). Choose a gas with a
CO;, concentration slightly greater than the highest concentration encountered
during measurements.
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H,0 Span

For known water vapor concentrations, a convenient standard to use is a dew point
generator such as the LI-COR LI-610 Portable Dew Point Generator. To avoid
condensation problems, choose a dew point temperature that is about 3 to 5 °C
below the ambient temperature. Also, since water vapor sorbs and desorbs from
surfaces, minimize the sorbing surface area (minimize tubing lengths), and allow
plenty of time for the reading to stabilize. It is important not to rush through water
vapor calibrations; give the surfaces plenty of time to equilibrate to large changes
in water vapor concentration.

Setting Zero: CO; and H,0

Usmg a Calibrated Tank of Zero Gas
Plumb the LI-8100A.
A. Attach a tank of dry, CO,-free gas to the LI-8100A air inlet.
B. Vent the instrument outlet to the atmosphere.
C. Turn off the pump, if it is on, and set flow from the tank at 0.5 I/min.

2. Monitor CO; and H,O concentrations.
When concentrations are stable, proceed to step 3. Allow 1-2 minutes for the
CO> concentrations to stabilize and 15-20 minutes for the H,O concentration
to stabilize near zero.

3. Calibrate.

Windows Software

A. Select Calibration from the Utilities menu.

B. Click on the Zero tab.
i.  Verify that the CO, concentration in the main window is still stable.
ii. Click on the Zero CO button.
iii. Click Yes to perform the calibration.

C. On the Zero tab:
i.  Verify that the H,O concentration in the main window is stable.
ii. Click on the Zero HyO button.
iii. Click Yes to perform the calibration.

D. Click on Close to exit the calibration screen.

Software for Apple iOS

A. Select Calibration from the Utilities menu.

B. Tap the Zero button.
i. Enable CO».
ii. Verify that the CO, concentration is stable.
iii. Tap the Send Command button.
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C. Tap the Zero button.
i. Enable H,O.

ii. Verify that the H,O concentration is stable.
iii. Tap the Send Command button.

Using Chemical Scrubbers

1. Prepare Chemical Tubes.
Fill each tube with the proper chemical. Ensure that air flows freely through
the tube.

2. Verify that the LI-8100A pump is turned on.

3. Plumb the LI-8100A.
A. Attach a chemical tube containing either Soda Lime or Drierite to the air
inlet.
B. Vent the instrument outlet to the atmosphere.

4. Calibrate
Follow step #3 from "Setting Zero: CO, and H,0, Using a Calibrated Tank of
Zero Gas."
Setting the Span: CO,

Note: Set the span only after setting the zero.

1. Plumb the LI-8100A
A. Attach a tank containing a known concentration of CO; to the
LI-8T00A air inlet.
B. Vent the instrument outlet to the atmosphere.
C. Turn off the pump, if it is on, and set flow from tank at 0.5 I/min.

2. Monitor CO, concentration.
When CO; concentration is stable proceed to the next step. Allow 1-2 minutes
for the CO, concentrations to stabilize.

3. Calibrate
Windows Software
A. Select Calibration from the Utilities menu.
B. Click on the Span tab.
i. Enter the span gas concentration (ppm).
ii. Verify that the CO, concentration is stable.
iii. Click on the Span CO» button.
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iv. Click Yes to perform the calibration.

C. Click Close to exit the calibration screen.

Software for Apple iOS

A. Select Calibration from the Utilities menu.

B. Tap the Span button.
i. Enable CO».
ii. Verify that the CO, concentration is stable.
iii. Enter concentration of the span gas (pmol/mol).
iv. Tap Send Command.

Setting the Span: H,0

Note: Always set the zero before setting the span. To set the H,O span, use an air
stream containing a known, stable H,O concentration. This is best achieved by

using an instrument such as the LI-610 Dew Point Generator. If the proper
equipment is not available, we strongly recommend that you do not adjust the span
of the H,O channel.

1.

Verify that the LI-8100A pump is turned on.

Plumb the LI-8100A.

A. Connect the output of the LI-610 to the air inlet on the LI-8100A, using a
"Y" fitting.

B. Connect a short piece of tubing (a few inches) to the other end of the "Y"
and allow it to vent to the atmosphere.

C. Setup the LI-610 to provide your air stream with a known dew point and
set the LI-610 flow rate as high as possible (usually between 1.5 and 2.0
L/min.). This will provide extra calibration air that will vent out the "Y"
connector, thus providing adequate air flow to the LI-8100A while
eliminating pressure changes within the optical bench.

Calibrate

Windows Software

A. Monitor the H,O concentration in the main window of the LI-8100A
Windows interface software. When the concentration is stable proceed to
the calibration window.

B. Select Calibration from the Utilities menu.

C. Click on the Span tab.

i.  Enter the span gas dew point (°C).
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ii. Verify that the H,O concentration in the main window is still stable.
Allow 15-20 minutes for the H,O vapor concentration to stabilize near
your span point.

iii. Click on the Span H2O button.

iv. Click Yes to perform the calibration.

D. Click Close to exit the calibration screen.

Software for Apple iOS
A. Select Calibration from the Utilities menu.
B. Tap the Span button.
i. Enable H,O.
ii. Verify that the H,O concentration is stable. Allow 15-20 minutes for
the H,O vapor concentration to stabilize near your span point.
iii. Enter the span gas dew point (°C).
iv. Tap Send Command.

Two Point Span (Span 2 Tab)

If you find that after zeroing then spanning at one concentration, the instrument is
not within specifications at a different concentration, a secondary span may be in
order. The optical bench in the LI-8100A uses a span value that is a linear function
of absorptance, with two parameters; a slope and an offset. The normal span
function adjusts the offset and leaves the slope alone. Setting the secondary span
(Span 2) adjusts the slope, and then adjusts the offset value for the new slope value.
The slope and offset values can be viewed under the Manual tab in the Calibration
window. Span offset values (CO, Span and H,O Span) are typically 1.0 £ 0.1.
Span slope values (CO, Span2 and H,O Span 2) are typically 0 + 0.1. When they
are exactly zero, then slope is a constant, and not a function of absorptance.

The CO, span slope value is first determined at the factory by setting the span at
200 ppm, and doing a secondary span close to 20,000 ppm. This value should
remain valid for some time. Things that are likely to make it change include
changing the source and/or detector, a dirty optical cell, and possibly when taking
the optical bench apart for cleaning.

Considerations for Performing a Secondary Span

1. Zero the instrument first, then do a normal span.

2. The span and secondary span concentrations should be as far apart as possible,
and they should bracket the concentration range of interest to you (e.g. 200
and 20,000, or 300 and 1500, etc.). “Far apart” means in absorptance, not
concentration. We recommend absorptance differences of at least 0.1 when
choosing concentrations got setting span and secondary span (Figure 5-1).
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LI-8100A Optical Bench
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Figure 5-1. CO, absorptance differences for typical LI-8100A optical bench.

For CO,, the difference in absorptance between 200 and 1000 ppm is typically
about 0.1. There is also a 0.1 absorptance difference between 3500 and 7000
ppm, and between 15,000 and 40,000 ppm. For H,O, it is a little harder to get a
0.1 absorptance difference. If you want to do a secondary span at room
temperature, the two span values would need to be 5 °C or less, and 22 °C, for
example, as shown below.
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You can perform multiple secondary spans after a normal span. For example, span
at 200, then do a secondary span at 3000 ppm. Then, if you don't like the result,
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you can do another secondary span at 2000 ppm. As long as the secondary span is
well away (in absorptance) from the previous normal span, it is OK to do as many
consecutive secondary spans at various concentration as you'd like.

To perform a secondary span, follow these steps:

Windows Software
A. Monitor the CO, and/or H,O concentrations in the main window of the

LI-8100A Windows interface software. When the concentration is stable

proceed to the calibration window.

B. Select Calibration from the Utilities menu.
C. Click on the Span 2 tab.

i.  Enter the span gas concentration (CO,), or dew point (°C).

ii. Verify that the concentration in the main window is still stable. Allow
15-20 minutes for the H,O vapor concentration to stabilize near your
span point.

iii. Click on the Span 2 CO; or Span 2 H,0 button.

iv. Click Yes to perform the calibration.

D. Click Close to exit the calibration screen.

Software for Apple iOS
A. Select Calibration from the Utilities menu.
B. Tap the Span 2 button.

i. Tap CO;yor HO.

ii. Verify that the concentration is stable. Allow 15-20 minutes for the
H,O vapor concentration to stabilize near your span point.

iii. Enter the span gas concentration (pmol/mol CO,), or dew point (°C).

iv. Tap Send Command.



6 Using the 10 and 20
cm Survey Chambers

General Description

The 8100-102 10 cm and 8100-103 20 cm Survey Chambers are designed to make
rapid measurements of soil CO; flux that can be repeated over a number of
locations to get an accurate measure of spatial variability.

A pressure/vacuum air flow system expands and contracts a bellows to raise and
lower the chambers over a soil collar to make the flux measurement. This chamber
design minimizes perturbations of the microclimate inside the chamber for
accurate, repeatable measurements, and eliminates the need for chemical
scrubbers. The larger size of the 8100-103 allows the chamber to be placed on the
20 cm soil collars used with the LI-8100A Long-Term Chambers. This allows for
measurements of spatial variability on the same soil collars as are used for temporal
measurements, using a large exposed soil area.

A double-sealed gasket system seals the chambers both inside and outside of the
soil collar to minimize CO, leaks and wind effects. A pressure vent at the top of
the chambers prevents pressure spikes when the chambers close, and maintains the
chamber pressure at the ambient level under calm and windy conditions.
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Pressure Vent

Bellows

i Airln

™ Bellows Port
\ \~\~
\Air Out

™ Chamber
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Figure 6-1. The 8100-102 10 cm Survey Chamber.
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Pressure Vent

Foam Seal Gasket (p/n 6581-107)
Figure 6-2. The 8100-103 20 cm Survey Chamber.
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The Measurement Flow Path

Air flow generated by a diaphragm pump inside the Analyzer Control Unit provides
a steady flow of air to the Survey Chamber, with minimal pulsations. Air flow to
the chamber provides mixing without using fans that can cause pressure gradients.
Air returning from the chamber passes through a filter before it enters the optical
bench of the infrared gas analyzer in the Analyzer Control Unit. The analyzer
optical bench measures CO, and H,O concentrations simultaneously; these

concentrations are then used to calculate flux rate.

Analyzer Control Unit

9!

20 cm Survey

Chamber _
iaphragm
v Pump
Analyzer
Bench

To Chamber

Y
Y
A4

From Chamber

Filter

Figure 6-3. The measurement flow path to the Survey Chambers.

The Bellows Flow Path

A separate pressure/vacuum air flow system is used to drive the bellows to raise
and lower the chamber. A diaphragm pump provides air flow to a series of valves
controlled by a pressure transducer. Pressurized air fills the bellows and drives the
chamber closed; a vacuum raises the chamber and vents excess air out of the
Analyzer Control Unit.
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Figure 6-4. The bellows flow path to the Survey Chambers.

Connecting the Chamber to the Analyzer Control Unit

There are three hoses connected to the Survey Chambers; air to the chamber, air
returning from the chamber to the Analyzer Control Unit, and air that drives the
bellows. These hoses are connected to the side panel of the Analyzer Control Unit,
as shown in Figure 6-5. The Air In hose has a male fitting, and the Air Out hose
has a female fitting. Note that one of the hoses has a piece of black shrink wrap;
this hose attaches to the Air In fitting on the Analyzer Control Unit. The bellows
hose has a male fitting, and attaches to the port marked Bellows on the Analyzer
Control Unit. Insert the hoses until the fittings snap into place. To remove the
hoses, slide the collar on the fittings and pull straight out.
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N ‘6 : -

Figure 6-5. Survey Chamber hose connections.

Making Measurements

The following discussion assumes that you have already connected a Survey
Chamber, installed soil collars several hours or more before making a measurement
(see page 2-17), and have installed the Windows® and/or software for Apple iOS.
This discussion also assumes that you have connected your external sensors,
including soil moisture and/or soil temperature probes, to the Auxiliary Sensor
Interface as described in Section 2, Initial Setup. Although they are similar,
measurement protocols for both the LI-8100A Windows application software and
the software for Apple iOS are detailed below.

Connect the cables, battery, and chamber as described in Section 2, Initial
Setup.

Connect the LI-8100A to your computer using the appropriate serial cable, as
described in Section 2, Initial Setup.

Turn the LI-8100A on using the ON/OFF button on the inside panel of the
Analyzer Control Unit. Wait for the IRGA Ready light to illuminate. Note that
the chamber moves to its open (up) position at system startup.

Measure and record the height of the soil collar that extends above the soil
surface. Place the chamber on the soil collar.

Insert the soil temperature probe and/or soil moisture probes at the desired
depths and distances from the chamber.
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Software Setup Using the LI-8100A Windows Application Software

The following discussion assumes that you have installed the LI-8100A application
software on your PC, and are connected via the RS-232 or Ethernet cables
provided, or have configured the LI-8100A and your computer to communicate via
a wireless network, as described in Section 8, Windows Software Reference. The

measurement protocol is identical, regardless of how the PC is connected to the
LI-8100A.

1.

Open the LI-8100A Windows application software and click on the Connect
icon, or choose Connect from the Communication menu. Choose the serial
(COM) port on the computer to which the LI-8100A is connected, and click
Connect. Alternatively, click on TCP/IP and enter the [P address of the
Ethernet card in the LI-8100A and click Connect. After a few moments, data
will begin to appear in the Main window.

Choose Measurement Configuration from the Setup menu. The Single
Chamber Configuration window appears.

& Single Chamber Configuration

Configuration Categories:

Fart Setup
Repeat
Thermacouples
Presets

Chamber | Observation | Data Logging] W ] 2 ] ] ] Wa ]

Chamber Tatal Systen Yalume

IDGET TR D) o Survey - [3100-103)

4092.5 cré

Sequence Time (HH:Mi:55):
000345

Total Time [D0:HH:MR:SS5]:
00:00:03:45

=

Temp Source: |Chamber  +

Wolume Comections

Soil Area o] |317.8
Chamber Offset (cm); |0.0

Apply to Port
Cloze
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Use the Chamber pull-down menu to choose 10 cm Survey (8100-102) or 20
cm Survey (8100-103). The appropriate Chamber Volume value is
automatically entered.

The Temperature Source determines where the air temperature measurement
used for the flux calculations is obtained. When using a LI-COR soil chamber,
this field should always be set to ‘Chamber’, so that the temperature
measurement is made using the thermistor located inside the chamber. For
other experimental protocols (e.g. making flask measurements), however, you
can choose to map the temperature measurement to any of the analog voltage
input channels (V1-V4 with the Auxiliary Sensor Interface, or V2-V4 with the
8100-104/C and the LI-8150 Multiplexer), and then use the appropriate V1-V4
tabbed page to enter the coefficients for the user-supplied temperature
thermistor. The temperature derived from that input channel will then be used
for the calculations.

Enter the Soil Area (83.7 cm? for 8100-102, and 317.8 cm? for 8100-103)
and Chamber Offset (cm). The Chamber Offset is the distance (in cm)
between the soil surface and the top of the soil collar, and is dependent upon
the depth that the collar is inserted into the ground. The soil CO; flux
measurement requires an accurate estimate of the Total System Volume. The
LI-8100A software uses the Chamber Offset and the Soil Area values to
calculate the volume of air inside of the soil collar. This value is, in turn,
added to the Chamber Volume to obtain the Total Volume. Measuring the
Chamber Offset is described in Section 2, Using Soil Collars.

Click on Apply to Port to send these values to the LI-8100A for
implementation.

3. Click on the Observation tab to open the Observation window.



Using the 10 and 20 cm Survey Chambers

& Single Chamber Configuration

Configuration Categories:

Thermaocouples
Presets

00:03:45

Total Time [D0:HH:MB:SS5]:
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Treatment Label
The Treatment Label is embedded as a separate column in the resulting data
records.

Observation Length

The Observation Length is the time period from the instant the chamber is
closed until just before it begins to open again, and includes the specified
Dead Band period. At moderate to low CO; fluxes an Observation Length of

90 to 120 seconds is usually adequate.

Note that the LI-8100A starts logging data when the chamber is actuated and
starts to close. Raw, or Type 1 records are recorded throughout the entire
observation period. The Elapsed Time (labeled Etime on the data output) does
not increment, however, until the chamber is closed. While the chamber is
closing, Etime will register -1.

Dead Band

The Dead Band is the time period that starts when the chamber closes
completely, and continues until steady mixing is established and the
measurement begins. The Dead Band requirement changes depending upon
the chamber geometry, system flow rate, and collar and site characteristics.
Testing at LI-COR has indicated that a Dead Band between 10 and 60
seconds generally provides adequate mixing. There may be conditions,
however, where a longer Dead Band is required. Note, too, that collected
data can be recomputed using longer (or shorter) Dead Bands with the LI-
8100A Data Analysis (File Viewer) program, if Raw records are collected.

Observation Count

You can make repeated observations under the same set of parameters by
setting the Observation Count to reflect the number of times to repeat the
observation. Individual observations are separated by the Pre-purge (below).

Note that in most cases, it may be more desirable from a scientific and/or
statistical standpoint to replicate measurements on multiple soil collars rather
than repeating them on the same collar.

Pre-purge

When making repeated measurements, a delay is required to allow the
chamber air to return to ambient conditions before beginning the next
observation cycle. This delay is referred to as the Pre-purge.

When an observation is complete, the chamber will automatically rise up off
of the soil collar. If the Observation Count (above) is set to 2 or more, the
Pre-purge sets the time during which the chamber is open. Under very still
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conditions it may take 2 minutes or more for the chamber air to return to
ambient conditions. Under windy conditions the chamber CO, concentration
may return to ambient levels in as little as 20 or 30 seconds. Note, too, that
the Pre-purge begins as soon as the chamber starts to open. Therefore, it is
possible to set a delay time that is too short for the chamber to fully open
before it begins closing again.

Post-purge

The Post-purge is the amount of time during which air continues to flow
through the chamber as it begins to open, after the measurement is complete.
This is important in certain cases where environmental factors may influence
the amount of CO, or moisture that is present in the gas sampling lines. For
example, in hot, moist conditions, you may want to increase the Post-purge to
ensure that the gas sampling lines are purged of moisture that may condense
in the lines, before the next measurement using that chamber is started. In
most cases, a Post-purge of about 45 seconds is adequate.

IMPORTANT NOTE: The Post-purge function was added to the Windows
Application Software V2.0 to accommodate the use of multiple chambers with
the LI-8150 Multiplexer, where it is important to purge the gas sampling lines
before making the next measurement with that chamber. Because the Post-
purge starts after the measurement is complete, it has slightly different
implications for use in single-chamber mode. As shown in the chart below,
after the first measurement is complete, the Post-purge starts, followed by the
Pre-purge; thus, the Post-purge and Pre-purge become additive. In most
single-chamber applications, the combination of the two delays is excessive.
Note, too, that before the first measurement starts, the chamber will not close
until the Pre-purge has finished; again, in most cases this delay is unwanted,
particularly when moving the chamber from collar to collar. For these
reasons, you may want to use the Post-purge value instead of the Pre-purge;
in other words, set the Pre-purge to zero, and set the Post-purge to 20-30
seconds, or more, depending on the conditions described above at “Pre-

purge”.
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Chamber
Closes

Chamber
Opens

Chamber
Is Open

Chamber
Closes

i<— Observation Length -

CO, Concentration (umol/mol)

Summary
Records
: Logged
{ Dead Data Post- | Dead Data
: i Band ; Logged purge | Band Logged
~<—— Pre-purge —>! ' f H Pre-purge
(optional) : Range for (optional)
i ~<——Summary —>-{
H : : Records : ' :
——— Observation #1 —— | ——— Observation #2 ———|

Measurement

(includes n observations)

Stop Observation if RH reaches...
Enable the 'Stop Observation if RH reaches' check box and enter a relative
humidity value (if humidity is a concern at the measurement site). The
Observation will abort if the measured relative humidity in the chamber
exceeds this value at any time during the Observation. If the Observation is
aborted, a message is placed in the log file, and the measurement will
continue at the next Observation.

Click on Repeat under the Configuration Categories list to view the Repeat

window.
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| Single Chamber Configuration
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The Repeat Measurement page allows you to repeat the defined protocol at a
regular clock interval. These functions are particularly useful when making
long term, unattended measurements.

For example, you could specify a 90 second Obs. Length, 45 second
Deadband, Obs. Delay of 2 minutes, and Obs. Count of 3. This protocol
could then be repeated every hour for 240 hours (10 days). The resulting data
set would include 240 measurements, with each measurement consisting of
three 90-second observations on the chosen port. The maximum number of
repeats is 12000 (Set To Max button).

You can elect to turn off the flow pump between repeated measurements to
conserve battery life and extend the life of the pump by enabling the check
box.

5. Choose Start Measurement from the Setup menu to open the Start a
Measurement dialog.
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& Start a Measurement

Meazurement Configuration

Preset: |Eunent Settings j

Measurement File
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Measurement Configuration
You can choose a defined set of measurement parameters from the Preset
pull-down menu, or use the configuration as currently defined.

Measurement File

Enter a File Name and optional Comments. The Comments appear only in
the header information. Files can be created in the standard data file format,
where the entire data set is placed in a single file, as defined by the
measurement configuration. Large files can be split into smaller files, in
increments of 1 day, or 1 week. Files split by the day are appended with a
date, beginning at 12:00 a.m. each day; files split by the week are appended
with a date, beginning at a period 7 days after the first measurement is taken.
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Click the ‘Append data to an existing file’ button to add new measurement
data at the end of the currently defined file.

Destination

Data collected by the LI-8100A can be stored to the instrument's internal
memory, or to an optional Compact Flash card; you can log to one or the
other, but not both at the same time. Data stored to the internal memory can
be transferred to a Compact Flash card or to the PC at any time.

Measurement Start
Enter a Start time. You can start the measurement immediately or choose to
begin the measurement at a specified date and time.

6. Click Start Measurement to begin the measurement.

Software Setup Using the LI-8100A Apple iOS Software

The following discussion assumes that you have installed the LI-8100A application
on your iPod Touch (or other iOS device), and have configured the LI-8100A and
your iPod Touch to communicate via a wireless network, as described in Section 9,
iOS Software Reference.

1. Start the LI-8100APP. Tap Connect. Tap Connect To Instrument. Choose
an instrument from the list and tap Connect.

2. Tap Setup and choose Measurement Protocol. The Measurement Protocol
screen appears (below).
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sewp Measurement Protocol

Measurement Type: CHAMBER

Obs. Length: 00:01:30

Dead Band: 30 seconds

Obs. Count:

Pre-Purge: 00:00:30

Post-Purge: 0 seconds

Additional Log Fields: ALL

Measurement Type

The Measurement Type field allows you to toggle between Chamber
measurements and Continuous measurements. Continuous measurements are
used with the optional 8100-405 CO, Mapping Kit to map CO,
concentrations across any transect of interest. In Continuous mode, a single
measurement of up to 24 hoours can be made. Data collected in Continuous
mode are formatted differently than those collected with a soil chamber. The
data lack headers and footers included in the standard .81x file format, and
are instead formatted as comma-delimited text (.csv file format). Much of the
functionality of the soil flux measurement protocol is disabled (e.g.
observation length, dead band, etc.) in Continuous mode, as these features
have no application for continuous measurements. Refer to the 8100-405
Instruction Manual for more information.

Obs. Length

The Observation Length is the time period from the instant the chamber is
closed until just before it begins to open again, and includes the specified
Dead Band period. At low to moderate CO; fluxes an Observation Length of

90 to 120 seconds is usually adequate.
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Note that the LI-8100A starts logging data when the chamber is actuated and
starts to close. Raw, or Type 1 records are recorded throughout the entire
observation period. The Elapsed Time (labeled etime on the data output) does
not increment, however, until the chamber is closed. While the chamber is
closing, etime will register -1.

Dead Band

The Dead Band is the time period that starts when the chamber closes
completely, and continues until steady mixing is established and the
measurement begins. The Dead Band requirement changes depending upon
the chamber geometry, system flow rate, and collar and site characteristics.
Testing at LI-COR has indicated that a Dead Band between 10 and 60
seconds generally provides adequate mixing. There may be conditions,
however, where a longer Dead Band is required. Note, too, that collected
data can be recomputed using longer (or shorter) Dead Bands with the
LIBTOOA File Viewer program.

Obs. Count

You can make repeated observations under the same set of parameters by
setting the Observation Count to reflect the number of times to repeat the
observation. Individual observations are separated by the Pre-purge (below).

Note that in most cases, it may be more desirable from a scientific and/or
statistical standpoint to replicate measurements on multiple soil collars rather
than repeating them on the same collar.

Pre-purge

When making repeated measurements, a delay is required to allow the
chamber air to return to ambient conditions before beginning the next
observation cycle. This delay is referred to as the Pre-purge.

When an observation is complete, the chamber will automatically rise up off
of the soil collar. If the Observation Count (above) is set to 2 or more, the
Pre-purge sets the time during which the chamber is open. Under very still
conditions it may take 2 minutes or more for the chamber air to return to
ambient conditions. Under windy conditions the chamber CO, concentration
may return to ambient levels in as little as 20 or 30 seconds. Note, too, that
the Pre-purge begins as soon as the chamber starts to open. Therefore, it is
possible to set a delay time that is too short for the chamber to fully open
before it begins closing again.

Post-purge
The Post-purge is the amount of time during which air continues to flow
through the chamber as it begins to open, after the measurement is complete.
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This is important in certain cases where environmental factors may influence
the amount of CO, or moisture that is present in the gas sampling lines. For
example, in hot, moist conditions, you may want to increase the Post-purge to
ensure that the gas sampling lines are purged of moisture that may condense
in the lines, before the next measurement using that chamber is started. In
most cases, a Post-purge of about 45 seconds is adequate.

IMPORTANT NOTE: The Post-purge function was added to the Windows
Application Software V2.0 to accommodate the use of multiple chambers with
the LI-8150 Multiplexer, where it is important to purge the gas sampling lines
before making the next measurement with that chamber. Because the Post-
purge starts after the measurement is complete, it has slightly different
implications for use in single-chamber mode. As shown in the chart below,
after the first measurement is complete, the Post-purge starts, followed by the
Pre-purge; thus, the Post-purge and Pre-purge become additive. In most
single-chamber applications, the combination of the two delays is excessive.
Note, too, that before the first measurement starts, the chamber will not close
until the Pre-purge has finished; again, in most cases this delay is unwanted,
particularly when moving the chamber from collar to collar. For these
reasons, you may want to use the Post-purge value instead of the Pre-purge;
in other words, set the Pre-purge to zero, and set the Post-purge to 20-30
seconds, or more, depending on the conditions described above at “Pre-

purge”.

Chamber : : : : Chamber : Chamber
Closes : : Opens : Closes

i<— Observation Length -

Summary
Records
: : Logged :
i Dead ! Data Post- | ! Dead Data
: Logged purge : : i Band ! Logged
~<~— Pre-purge —>! : Pre-purge : 1
(optional) : Range for : (optional)
I ~<——Summary —>-{ B
H : : Records H : ' :
j———— Observation #1 ———| j———— Observation #2 ————]

Measurement
(includes n observations)
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Additional Log Fields

Tap on Additional Log Fields to choose the values to be logged to memory.
Data collected by the LI-8100A can be stored to the instrument's internal
memory, or to an optional Compact Flash card.

Data stored to the internal memory can be transferred to a Compact Flash
card or to the PC at any time.

Tap Log to enable the selected data
—_— value; a <Log> notation is placed in

Protocol - Select Fields to Log: front of the data value. Tap Don’t Log
| — | to disable the selected data value.

Tap Log All to enable all data values,
or Log None to disable all data values.

<Log> Case iempeialuie

'<Log> H20 ABS Tap Send Update to send the selected
data fields to the LI-8100A for
implementation.

Don't Log

Send Update

The additional data values that can be logged are as follows:

Label Description

Case Temperature Air temperature inside the Analyzer Control Unit case,
in degrees C.

H20 ABS Absorption of photons in the optical bench due to the
presence of water vapor.

CO2 ABS Absorption of photons in the optical bench due to the
presence of CO».

Volts In Input (battery) voltage.

RH% Relative humidity inside the soil chamber.

Raw CO, raw signal.

Hour Time of day.

DOY Day of the year.

V1 Aux Input at voltage channel 1 (soil moisture).
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V2 Aux Input at voltage channel 2 (soil moisture).

V3 Aux Input at voltage channel 3 (soil moisture).

V4 Aux Input at voltage channel 4 (soil moisture).

T1 Aux Input at thermocouple channel 1, in degrees C.

T2 Aux Input at thermocouple channel 2, in degrees C.

T3 Aux Input at thermocouple channel 3, in degrees C.

T4 Aux Input at thermocouple channel 4, in degrees C.

Flux Computation Automatically computes flux rate after each
measurement.

GPS Latitude Decimal degrees, hemisphere (+) north or (-) south

GPS Longitude Decimal degrees, hemisphere (+) east or (-) west

GPS Status A = Valid position, V = NAV receiver warning

Speed Speed over ground, 0000.0 to 1851.8 km/h

GPS Course True course over ground, 000.0 to 359.9 degrees

3. Click on the Setup menu and choose Areas and Volumes. The Areas,
Volumes, & Flow Rate screen appears (below).

The Total Volume value is
[ computed and displayed after

sewp Area and Volumes the Chamber Offset, Soil Area,
and Chamber Volume values are
entered. IRGA Volume is set
under “Instrument Settings” and
is displayed here.

Chamber Offset: 0 cm

Soil Area: 317.8 cm?

C Chamber Volume: 4073.5 cm?®

IRGA Volume: 19.0 cm?

Total Volume: 4092.5 cm?

Chamber Offset

The Chamber Offset is the distance (in cm) between the soil surface and the
top of the soil collar, and is dependent upon the depth that the collar is
inserted into the ground (discussed in Section 2, Initial Setup). The soil CO,
flux measurement requires an accurate estimate of the Total System Volume.
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The LI-8100A software uses the Chamber Offset and the Soil Area values to
calculate the volume of air inside of the soil collar. This value is, in turn,
added to the Chamber Volume to obtain the Total System Volume.
Measuring the Chamber Offset is described in Section 2, Using Soil Collars.

Soil Area
The area of soil encompassed by the soil collar, in cm?. Calculate the Soil
Area from the inside diameter of the soil collar. The default values in the

LI-8T00A software are given for the 10 cm and 20 cm soil collars provided by
LI-COR.

Chamber Volume

The Chamber Volume value includes the air inside the chamber, as well as
from the tubing attached to the chamber. This volume is entered
automatically when you choose the Survey or Long-Term chamber in
software, but can be adjusted manually by the user if the chamber volume
changes for any reason (i.e., the tubing length changes).

IRGA Volume

This is a factory-defined value that includes the volume of the optical bench
and associated plumbing inside the Analyzer Control Unit. The default IRGA
volume is 19 cm3.

Total Volume
The total system volume, which is computed from the sum of the Chamber
Volume, IRGA Volume, Chamber Offset, and Soil Area.

Click on the 8100 menu and choose Outputs. The Output screen appears
(below), where you can configure the raw data values that are sent by the
instrument via the RS-232 port, or via the TCP/IP port, if you are using the
LI-8100A in a wireless network, or with an Ethernet cable. This is primarily
used when capturing raw data values with an external data logging device.
Note that these values are simply sent as a data stream; data are not parsed,
nor is header information included. You can also choose the output
frequency for both RS-232 and/or TCP/IP data.
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Data can be output via RS-232
or TCP/IP at intervals between 1
Outputs and 20 seconds.

RS-232 Output Fields

ouputs  Set Output Rate:

On RS-232 Channel:

Send RS-232 Data Every: 1 second

Output Every: 1 Second

Maximum Value Minimum Value

TCP/IP Qutput Fields:

Send TCP/IP Data Every: 1 second

Send Update |

RS-232 Output Fields
Choose the data values to be sent to the RS-232 port.

ouwputs  Select RS-232 Outputs:
ﬁ

<iA=> lime

. <TX> 10s Flux

Transmit Don't Transmit

Transmit All | Transmit None

Send Update

The data values that can be output are as follows:
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Label Description

Time Instrument time.

10s Flux Ten second running estimate of soil CO» flux rate.

CO2 Chamber CO; concentration in ymol/mol.

CO2 Dry Chamber CO; concentration, corrected for water vapor
dilution, in ymol/mol.

H20 Chamber water vapor concentration, in mmol/mol.

Pressure Atmospheric pressure in the optical bench (kPa).

°C (Chamber) Air temperature inside the soil chamber.

°C (Bench) Temperature of the optical bench.

°C (Case) Air temperature inside the Analyzer Control Unit case.

H20 ABS Absorption of photons in the optical bench due to the
presence of water vapor.

CO2 ABS Absorption of photons in the optical bench due to the
presence of CO».

Volts In Input (battery) voltage.

Raw CO2 CO, raw signal in sample analyzer.

Raw CO2 Ref CO, raw signal in reference analyzer.

Raw H20 H,O raw signal in sample analyzer.

Raw H20O Ref H;,O raw signal in reference analyzer.

RH% Relative humidity inside the soil chamber.

V1 Aux Input at voltage channel 1.

V2 Aux Input at voltage channel 2.

V3 Aux Input at voltage channel 3.

V4 Aux Input at voltage channel 4.

T1 Aux Input at thermocouple channel 1, in degrees C.
T2 Aux Input at thermocouple channel 2, in degrees C.
T3 Aux Input at thermocouple channel 3, in degrees C.
T4 Aux Input at thermocouple channel 4, in degrees C.
CRC Cyclic Redundancy Check (see below)

Strip Remove markup from data (see below)

CRC (Cyclic Redundancy Check) is an algorithm that is used to verify the
integrity of the data. Before each data packet is sent by the LI-8100A, a CRC
is calculated (pre-transmission) for that packet, and then appended to the
packet. When the client (e.g. the computer) receives the packet, it strips off
the appended CRC and calculates its own CRC (post transmission). If the two
CRC values match, it is assumed that the packet was transmitted correctly.
When CRC values are appended to the data packet, the value is automatically
marked up. A typical CRC will appear as

<CRC>3067450353</CRC>
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Disable 'CRC' to remove CRC from the data. Note that the LI-8100APP does
not use CRC checking.

Note that when the LI-8100A outputs data, each field is "marked up" using
eXtensible Markup Language (XML) to delimit that field. For example, when a
CO,, value is output, the data value is placed between two "tags" that describe

what that value is, as in:
<C02>350.21</CO2>

Enable 'Strip' to remove the markup from the data stream. The resulting data
set is a data stream where each data field is separated by a space.

TCP/IP Output Fields

Tap on the TCP/IP field to configure the data values to be sent via the TCP/IP
port, if desired. Note that you can configure the TCP/IP (wireless or wired)
and/or RS-232 options while the other is enabled; changes will not take effect
until data logging is stopped and restarted, however. For example, if you are
currently logging data to the PC, you can configure the wireless output, but
you must first stop logging data to the PC before beginning wireless output
with the new configuration.

The data values that can be output are as shown above at RS-232 Output,
with the addition of GPS values (latitude, longitude, GPS status, speed, and
course).

5. Click on the Setup menu and choose Start Measurement. The Start
Measurement screen appears (below).



Using the 10 and 20 cm Survey Chambers

sewp  Start Measurement

File Name:
Comments:
Chamber Offset:
Treatment Label:
Log To:

Start At:

Repeat Meas.:

Measurement:

test2

Test plot #2

3

T2

Internal Flash
2011-09-07 13:50

00:30 x 5

Start

The Treatment Label is
embedded as a separate
column in the data
records.

Enter a File Name and optional Comments. Enter the Chamber Offset and
Treatment Label.

Note that if the Chamber Offset and Treatment Label prompts are enabled
(see #5 above), you will be prompted for these values if they are not already
entered on this screen when the Start button is pressed.

Log To

Data collected by the LI-8100A can be stored to the instrument's internal
memory, or to an optional Compact Flash card; you can log to one or the
other, but not both at the same time.

Repeat Measurement and Start At:

The Repeat Measurement and Start At functions allow you to repeat the
defined protocol at a regular clock interval. The Start At: parameter functions
independent of the Repeat Measurement parameter; the Repeat Measurement
function can be disabled, but you must still enter a valid Start At: time to
intiate a measurement.

These functions are particularly useful when making long term, unattended
measurements. For example, you could specify a 90 second Obs. Length, 45
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second Deadband, Obs. Delay of 2 minutes, and Obs. Count of 3. This
protocol could then be repeated every hour for 240 hours (10 days). The
resulting data set would include 240 measurements, with each measurement
consisting of three 90-second observations.

6. Tap Start to begin the measurement.
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General Description

The 8100-104 and 8100-104C Long-Term Chambers are designed to make long
term, diurnal measurements of soil CO, flux at a single location for weeks or
months at a time.

A unique, moveable design minimizes the effects of the chamber on the natural soil
conditions to give reliable results over long periods of time. A motor-driven strut
system moves the chamber away from the soil area to be measured, ensuring that
the area of interest is subjected to normal, undisturbed precipitation, temperature,
and shading effects. The low profile chamber design minimizes wind effects over
the measurement location.

A double gasket system seals the chamber outside of the soil collar, and between
the chamber and mounting plate, to minimize CO, leaks and wind effects. A
pressure vent at the top of the chamber prevents pressure spikes when the chamber
closes, and maintains the chamber pressure at the ambient level under calm and
windy conditions.

The 8100-104 and 8100-104C (Clear) Long-Term Chambers are designed
primarily for use with the LI-8150 Multiplexer. The 8100-104/C have three
integrated sensor inputs; sensors attached to these inputs can only be monitored
when the chamber is connected to the Multiplexer. If the 8100-104/C is used in
single chamber mode with the LI-8100A, auxiliary sensors must be connected to
the Auxiliary Sensor Interface, not the chamber itself.
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Swing Arm Pressure Vent

Auxiliary Sensor
Connections V2, V3, V4

Open/Close Button

Control Line ®
Connector Chamber

Carrying Handle Chamber Gasket

= ]

Adjustable Legs

Figure 7-1. 8100-104 Long-Term Chamber.

The 8100-104/C moves away from the soil collar when the measurement is
complete. The 8100-104/C chamber raises slightly before it swings outward in a
180° arc around the perimeter of the raised control panel (Fig. 7-2). This
outward movement can have implications as to the placement of the chamber.
Note, however, that the open position can be changed, as described below.

8100-104 Top View

| » |
I 30.5 |

i Default open
! position

Figure 7-2. The 8100-104/C Long-Term Chamber rotates in an ~180° arc via the swing
arm.
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Changing the 8100-104/C Chamber Open Position

The default open position is approximately 180° from the closed position, as shown
in Figure 7-2. There are, however, five additional open positions (Fig. 7-3) that can
be programmed using the Open/Close button on the chamber control panel. This
can be useful for areas where the terrain, or obstructions, don’t permit the full 180°
of movement. To change the open position:

1. Press and hold the Open/Close button for 5 seconds. Wait a few moments
while the chamber positions itself.

2. Press the Open/Close button one time to move the chamber to its first open
position (#5 in the diagram below). Continue to press the button one time to
move the chamber to each of the other five open positions.

3. When the chamber is in the desired open position, hold the Open/Close
button for 5 seconds again; the chamber will “remember” this position until it
is reprogrammed.

3 2
4 3 - 3. ; 1
R YR B
ot o | 4
- o g ~r &
S W 4
- ‘
(RS
6 oo

Default open
position

8100-104 Top View
Figure 7-3. The 8100-104/C Long-Term Chamber has six programmable open positions.

Press the Open/Close button twice in quick succession to “park” the chamber;
the chamber raises slightly to prevent compression of the chamber gasket.

IMPORTANT! We recommend that you “park” the chamber before transport
or long-term storage of the chamber.
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Using Auxiliary Sensors with the 8100-104/C

As mentioned earlier, the 8100-104/C has built-in sensor connectors; these
connectors are active only when the chamber is connected to the LI-8150
Multiplexer. Soil moisture (p/n 8150-202 and 8150-204) and soil temperature
(p/n 8150-203) probes for use with the 8100-104/C are fitted with 8-pin
connectors that mate with the connectors on the control panel of the chamber.
If the 8100-104/C is to be used in single-chamber mode with the LI-8100A, any
auxiliary sensors must be wired into the Auxiliary Sensor Interface, as described
in Section 2, “Using the Auxiliary Sensor Interface”; in this instance, the 8100-
201 and 8100-203 Soil Temperature, and 8100-202 and 8100-204 Soil
Moisture probes are used.

NOTE: Install the sensor connector dust caps when not in use to prevent water
ingress and connector corrosion.

Figure 7-4. The 8100-104/C use dedicated soil moisture (left) and soil temperature
(right) probes which have 8-pin connectors for direct attachment to the chamber. These
probes are active only when the 8100-104/C is used in conjunction with the

LI-8150 Multiplexer.

The Measurement Flow Path

Air flow generated by a diaphragm pump inside the Analyzer Control Unit provides
a steady flow of air to the Long-Term Chambers, with minimal pulsations. Air flow

to the chamber provides mixing without using fans that can cause pressure
gradients. Air returning from the chamber passes through a filter before it enters
the optical bench of the infrared gas analyzer in the Analyzer Control Unit. The
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analyzer optical bench measures CO, and H,O concentrations simultaneously;
these concentrations are then used to calculate flux rate.

Analyzer Control Unit

@ !

Diaphragm
v Pump

8100-104/C Chamber

Analyzer
Bench

__ To Chamber ®

> >
s s

From Chamber Filter

Figure 7-5. The measurement flow path to the 8100-104/C Long-Term Chamber.
Connecting the Long-Term Chambers to the Analyzer Control Unit or Multiplexer

8100-104/C Long-Term Chambers

There are two short hoses connected to the 8100-104/C Long-Term Chambers; air
to the chamber and air returning from the chamber to the Analyzer Control Unit or
LI-8150 Multiplexer. The 8100-104/C requires the use of an additional cable to
connect to the Analyzer Control Unit or the LI-8150 Multiplexer; the 8100-704 is a
2m accessory cable, and the 8150-705 is a 15m accessory cable. These cables are
connected to the side panel of the Analyzer Control Unit, as shown in Figure 2-2,
or the LI-8150 Multiplexer side panel, as shown in Figure 10-8. The Air In hose
has a male fitting, and the Air Out hose has a female fitting. To remove the hoses,
slide the collar on the fittings and pull straight out. A small plug (p/n 9981-118, in
the spares kit) is used to plug the Bellows port. Connect the control cable to the
port labeled CONTROL LINE on the chamber side panel, and to the port labeled
CHAMBER on the Analyzer Control Unit (or CHBR on the LI-8150 Multiplexer).
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Making Measurements

The following discussion assumes that you have already connected a Long-Term
Chamber, installed soil collars several hours or more before making a measurement
(see page 2-17), and have installed the Windows® and/or iOS software for the iPod
Touch (or other iOS device). This discussion also assumes that you have
connected your external sensors, including soil moisture and/or soil temperature
probes, to the Auxiliary Sensor Interface as described in Section 2, Initial Setup.
Although they are similar, measurement protocols for both the LI-8100A Windows
application software and the Apple iOS software are detailed below.

B Connect the cables, battery, and chamber as described in Section 2, Initial
Setup.

B Connect the LI-8100A and your computer using the appropriate serial cable,
as described in Section 2, Initial Setup.

B Turn the LI-8100A on using the ON/OFF button on the inside panel of the
Analyzer Control Unit. Wait for the IRGA Ready light to illuminate. Note that
the chamber moves to its open position at system startup.

B Measure the chamber offset as described in Section 2. Place the chamber over
the soil collar.

B Insert the soil temperature probe and/or soil moisture probes at the desired
depths and distances from the chamber.

Software Setup Using the LI-8100A Windows Application Software

The following discussion assumes that you have installed the LI-8100A application
software on your PC, and are connected via the serial cables provided, or have
configured the LI-8100A and your computer to communicate via a wireless
network, as described in Section 8, Windows Software Reference. The measure-
ment protocol is identical, regardless of how the PC is connected to the LI-8100A.

1. Open the LI-8100A Windows application software and click on the Connect
icon, or choose Connect from the Communication menu. Choose the serial
(COM) port on the computer to which the LI-8100A is connected, and click
Connect. Alternatively, click on TCP/IP and enter the IP address of the
Ethernet card in the LI-8100A and click Connect. After a few moments, data
will begin to appear in the Main window.

2. Choose Measurement Configuration from the Setup menu. The Single
Chamber Configuration window appears.
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& Single Chamber Configuration

Configuration Categories:
Chamnber ] Dbservation] Data Logging] W ] 2 ] ] ] Wa ]

Thermacouples

Chamber Tatal Systen Yalume
Presets
Chamber: |Long Temn - (#100-104) Ea 43945 e
[
Sequence Time (HH:Mi:55):
00045 Temp Source: |Chamber  +
Total Time [D0:HH:MR:SS5]:
0000 0345 Wolume Comections

Soil Area o] |317.8
Chamber Offset (cm); |0.0

Apply to Port
Cloze

Use the Chamber pull-down menu to choose Long Term (8100-104). The
Soil Area value and Total System Volume values are automatically displayed.

The Temperature Source determines where the air temperature measurement
used for the flux calculations is obtained. When using a LI-COR soil chamber,
this field should always be set to ‘Chamber’, so that the temperature
measurement is made using the thermistor located inside the chamber. For
other experimental protocols (e.g. making flask measurements), however, you
can choose to map the temperature measurement to any of the analog voltage
input channels (V1-V4 with the Auxiliary Sensor Interface, or V2-V4 with the
8100-104/C and the LI-8150 Multiplexer), and then use the appropriate V1-V4
tabbed page to enter the coefficients for the user-supplied temperature
thermistor. The temperature derived from that input channel will then be used
for the calculations.

Enter the Chamber Offset (cm). The Chamber Offset is the distance (in cm)
between the soil surface and the top of the soil collar, and is dependent upon
the depth that the collar is inserted into the ground. The soil CO; flux
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measurement requires an accurate estimate of the Total System Volume. The
LI-8100A software uses the Chamber Offset and the Soil Area values to
calculate the volume of air inside of the soil collar. This value is, in turn,
added to the Chamber Volume to obtain the Total Volume. Measuring the
Chamber Offset is described in Section 2, Using Soil Collars.

Click on Apply to Port to send these values to the LI-8100A for
implementation.

3. Click on the Observation tab to open the Observation window.

& Single Chamber Configuration

Configuration Categories:

Part Setup Chamber Observation ] Dats Logging] Wi ] v2 l L l L l
Repeat

Thermocouples Obsereation

Presets

Treatment Label: |Te$t2

minute[z)] rirwte[z]
Sequence Time (HH:Mi:55): Diszrelio Lemgi zecond(z] PliEmEE: zecond(s]

00:03:45

Total Time [D0:HH:MB:SS5]: A

000 02 45 Dead Band: second(s] Post-purge: (45 + | second(s]
Obzervation Count: -

[ Stop obzervation if RH reaches: X

Apply to Port
Cloze

Treatment Label
The Treatment Label is embedded as a separate column in the resulting data
records.

Observation Length
The Observation Length is the time period from the instant the chamber is
closed until just before it begins to open again, and includes the specified
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Dead Band period. At moderate to low CO; fluxes an Observation Length of
90 to 120 seconds is usually adequate.

Note that the LI-8100A starts logging data when the chamber is actuated and
starts to close. Raw, or Type 1 records are recorded throughout the entire
observation period. The Elapsed Time (labeled Etime on the data output) does
not increment, however, until the chamber is closed. While the chamber is
closing, Etime will register -1.

Dead Band

The Dead Band is the time period that starts when the chamber closes
completely, and continues until steady mixing is established and the
measurement begins. The Dead Band requirement changes depending upon
the chamber geometry, system flow rate, and collar and site characteristics.
Testing at LI-COR has indicated that a Dead Band between 10 and 60
seconds generally provides adequate mixing. There may be conditions,
however, where a longer Dead Band is required. Note, too, that collected
data can be recomputed using longer (or shorter) Dead Bands with the LI-
8100A Data Analysis (File Viewer) program, if Raw records are collected.

Observation Count

You can make repeated observations under the same set of parameters by
setting the Observation Count to reflect the number of times to repeat the
observation. Individual observations are separated by the Pre-purge (below).

Note that in most cases, it may be more desirable from a scientific and/or
statistical standpoint to replicate measurements on multiple soil collars rather
than repeating them on the same collar.

Pre-purge

When making repeated measurements, a delay is required to allow the
chamber air to return to ambient conditions before beginning the next
observation cycle. This delay is referred to as the Pre-purge.

When an observation is complete, the chamber will automatically rise up off
of the soil collar. If the Observation Count (above) is set to 2 or more, the
Pre-purge sets the time during which the chamber is open. Under very still
conditions it may take 2 minutes or more for the chamber air to return to
ambient conditions. Under windy conditions the chamber CO, concentration
may return to ambient levels in as little as 20 or 30 seconds. Note, too, that
the Pre-purge begins as soon as the chamber starts to open. Therefore, it is
possible to set a delay time that is too short for the chamber to fully open
before it begins closing again.



CO, Concentration (umol/mol)

7-10

Using the Long-Term Chambers

Post-purge

The Post-purge is the amount of time during which air continues to flow
through the chamber as it begins to open, after the measurement is complete.
This is important in certain cases where environmental factors may influence
the amount of CO, or moisture that is present in the gas sampling lines. For
example, in hot, moist conditions, you may want to increase the Post-purge to
ensure that the gas sampling lines are purged of moisture that may condense
in the lines, before the next measurement using that chamber is started. In
most cases, a Post-purge of about 45 seconds is adequate.

IMPORTANT NOTE: The Post-purge function was added to the Windows
Application Software V2.0 to accommodate the use of multiple chambers with
the LI-8150 Multiplexer, where it is important to purge the gas sampling lines
before making the next measurement with that chamber. Because the Post-
purge starts after the measurement is complete, it has slightly different
implications for use in single-chamber mode. As shown in the chart below,
after the first measurement is complete, the Post-purge starts, followed by the
Pre-purge; thus, the Post-purge and Pre-purge become additive. In most
single-chamber applications, the combination of the two delays is excessive.
Note, too, that before the first measurement starts, the chamber will not close
until the Pre-purge has finished; again, in most cases this delay is unwanted,
particularly when moving the chamber from collar to collar. For these
reasons, you may want to use the Post-purge value instead of the Pre-purge;
in other words, set the Pre-purge to zero, and set the Post-purge to 20-30
seconds, or more, depending on the conditions described above at “Pre-

purge”.
Chamber Chamber : Chamber Chamber
Is Open Closes 4—* Opens Closes
i<— Observation Length -
Summary
Records
Logged
! Dead | Data Post- | { Dead Data
: Logged purge : i Band Logged
~<~—— Pre-purge —>; : Pre-purge :
(optional) : Range for (optional)
\<——Summary —{
; : : Records : :
j————— Observation #1 ———| j———— Observation #2 ————]

|

I

Measurement
(includes n observations)
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Stop Observation if RH reaches...

Enable the 'Stop Observation if RH reaches' check box and enter a relative
humidity value (if humidity is a concern at the measurement site). The
Observation will abort if the measured relative humidity in the chamber
exceeds this value at any time during the Observation. If the Observation is
aborted, a message is placed in the log file, and the measurement will
continue at the next Observation.

4. Click on Repeat under the Configuration Categories list to view the Repeat
window.

= Single Chamber Configuration gl

Configuration Categories:

Pt Setui Repeat Sequence
2 ry
Thermocouples Fiepeat in hour(z].
rhibe(s).

Fregets
Repeat time:s. Set ToMax

[v Turn off flow pumpls) between repeats

Seguence Time [HH:MM:S5]

00:03:45

Apply Changes
Total Time [DD:HH:MM:55): g
00:00:03:45

Close

The Repeat Measurement page allows you to repeat the defined protocol at a
regular clock interval. These functions are particularly useful when making
long term, unattended measurements.

For example, you could specify a 90 second Obs. Length, 45 second
Deadband, Obs. Delay of 2 minutes, and Obs. Count of 3. This protocol
could then be repeated every hour for 240 hours (10 days). The resulting data
set would include 240 measurements, with each measurement consisting of
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three 90-second observations on the chosen port. The maximum number of
repeats is 12000 (Set To Max button).

You can elect to turn off the flow pump between repeated measurements to
conserve battery life and extend the life of the pump by enabling the check
box.

Choose Start Measurement from the Setup menu to open the Start a
Measurement dialog.

= Start a Measurement gl

teasurement Configuration

Preset: |Eurrent Settings j

teasurement Fils

MName: |Test2

{+ Create a standard data file

" Spit data files by the: |Day | [Appends a date to the file name)
" Append data to an existing file

Comments:

Drestinatior

(» Onboard Intermal Flazh
(" Compact Flazh Card [PCMCIA)

teasuremeant Start

{* Start Immediately
(" Start ot |EEE/D4/27 = (1253 =

Start Measurement |

Close

Measurement Configuration
You can choose a defined set of measurement parameters from the Preset
pull-down menu, or use the configuration as currently defined.



Using the Long-Term Chambers 7-13

Measurement File

Enter a File Name and optional Comments. The Comments appear only in
the header information. Files can be created in the standard data file format,
where the entire data set is placed in a single file, as defined by the
measurement configuration. Large files can be split into smaller files, in
increments of 1 day, or 1 week. Files split by the day are appended with a
date, beginning at 12:01 a.m. each day; files split by the week are appended
with a date, beginning at a period 7 days after the first measurement is taken.
Click the ‘Append data to an existing file’ button to add new measurement
data at the end of the currently defined file.

Destination

Data collected by the LI-8100A can be stored to the instrument's internal
memory, or to an optional Compact Flash card; you can log to one or the
other, but not both at the same time. Data stored to the internal memory can
be transferred to a Compact Flash card or to the PC at any time.

Measurement Start
Enter a Start time. You can start the measurement immediately or choose to
begin the measurement at a specified date and time.

6. Click Start Measurement to begin the measurement.

Software Setup Using the LI-8100A Apple iOS Software

The following discussion assumes that you have installed the LI-8100A application
on your iPod Touch (or other iOS device), and have configured the LI-8100A and
your iPod Touch to communicate via a wireless network, as described in Section 9,
iOS Software Reference.

1. Start the LI-8100APP. Tap Connect. Tap Connect To Instrument. Choose
an instrument from the list and tap Connect.

2. Tap Setup and choose Measurement Protocol. The Measurement Protocol
screen appears (below).
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sewp Measurement Protocol

Measurement Type: CHAMBER

Obs. Length: 00:01:30

Dead Band: 30 seconds

Obs. Count:

Pre-Purge: 00:00:30

Post-Purge: 0 seconds

Additional Log Fields: ALL

Measurement Type

The Measurement Type field allows you to toggle between Chamber
measurements and Continuous measurements. Continuous measurements are
used with the optional 8100-405 CO, Mapping Kit to map CO,
concentrations across any transect of interest. In Continous mode, a single
measurement of up to 24 hoours can be made. Data collected in Continuous
mode are formatted differently than those collected with a soil chamber. The
data lack headers and footers included in the standard .81x file format, and
are instead formatted as comma-delimited text (.csv file format). Much of the
functionality of the soil flux measurement protocol is disabled (e.g.
observation length, dead band, etc.) in Continuous mode, as these features
have no application for continuous measurements. Refer to the 8100-405
Instruction Manual for more information.

Obs. Length

The Observation Length is the time period from the instant the chamber is
closed until just before it begins to open again, and includes the specified
Dead Band period. At low to moderate CO, fluxes an Observation Length of

90 to 120 seconds is usually adequate.
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Note that the LI-8100A starts logging data when the chamber is actuated and
starts to close. Raw, or Type 1 records are recorded throughout the entire
observation period. The Elapsed Time (labeled etime on the data output) does
not increment, however, until the chamber is closed. While the chamber is
closing, etime will register -1.

Dead Band

The Dead Band is the time period that starts when the chamber closes
completely, and continues until steady mixing is established and the
measurement begins. The Dead Band requirement changes depending upon
the chamber geometry, system flow rate, and collar and site characteristics.
Testing at LI-COR has indicated that a Dead Band between 10 and 60
seconds generally provides adequate mixing. There may be conditions,
however, where a longer Dead Band is required. Note, too, that collected
data can be recomputed using longer (or shorter) Dead Bands with the
LIBTOOA File Viewer program.

Obs. Count

You can make repeated observations under the same set of parameters by
setting the Observation Count to reflect the number of times to repeat the
observation. Individual observations are separated by the Pre-purge (below).

Note that in most cases, it may be more desirable from a scientific and/or
statistical standpoint to replicate measurements on multiple soil collars rather
than repeating them on the same collar.

Pre-purge

When making repeated measurements, a delay is required to allow the
chamber air to return to ambient conditions before beginning the next
observation cycle. This delay is referred to as the Pre-purge.

When an observation is complete, the chamber will automatically rise up off
of the soil collar. If the Observation Count (above) is set to 2 or more, the
Pre-purge sets the time during which the chamber is open. Under very still
conditions it may take 2 minutes or more for the chamber air to return to
ambient conditions. Under windy conditions the chamber CO, concentration
may return to ambient levels in as little as 20 or 30 seconds. Note, too, that
the Pre-purge begins as soon as the chamber starts to open. Therefore, it is
possible to set a delay time that is too short for the chamber to fully open
before it begins closing again.

Post-purge
The Post-purge is the amount of time during which air continues to flow
through the chamber as it begins to open, after the measurement is complete.
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This is important in certain cases where environmental factors may influence
the amount of CO, or moisture that is present in the gas sampling lines. For
example, in hot, moist conditions, you may want to increase the Post-purge to
ensure that the gas sampling lines are purged of moisture that may condense
in the lines, before the next measurement using that chamber is started. In
most cases, a Post-purge of about 45 seconds is adequate.

IMPORTANT NOTE: The Post-purge function was added to the Windows
Application Software V2.0 to accommodate the use of multiple chambers with
the LI-8150 Multiplexer, where it is important to purge the gas sampling lines
before making the next measurement with that chamber. Because the Post-
purge starts after the measurement is complete, it has slightly different
implications for use in single-chamber mode. As shown in the chart below,
after the first measurement is complete, the Post-purge starts, followed by the
Pre-purge; thus, the Post-purge and Pre-purge become additive. In most
single-chamber applications, the combination of the two delays is excessive.
Note, too, that before the first measurement starts, the chamber will not close
until the Pre-purge has finished; again, in most cases this delay is unwanted,
particularly when moving the chamber from collar to collar. For these
reasons, you may want to use the Post-purge value instead of the Pre-purge;
in other words, set the Pre-purge to zero, and set the Post-purge to 20-30
seconds, or more, depending on the conditions described above at “Pre-

purge”.

Chamber
Closes

: H Chamber
i<————— Opens

Chamber
Closes

i<— Observation Length -

Summary
Records
Logged
i Dead ! Data Post- | { Dead Data
: Logged purge : i Band Logged
~<~—— Pre-purge —>1 : Pre-purge :
(optional) : Range for (optional)
\<——Summary —{
; : : Records : : '
j————— Observation #1 ———| j———— Observation #2 ————]

|

I

Measurement
(includes n observations)
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Additional Log Fields

Tap on Additional Log Fields to choose the values to be logged to memory.
Data collected by the LI-8100A can be stored to the instrument's internal
memory, or to an optional Compact Flash card.

Data stored to the internal memory can be transferred to a Compact Flash
card or to the PC at any time.

Tap Log to enable the selected data
—_— value; a <Log> notation is placed in

Protocol - Select Fields to Log: front of the data value. Tap Don’t Log
| — | to disable the selected data value.

Tap Log All to enable all data values,
or Log None to disable all data values.

<Log> Case iempeialuie

'<Log> H20 ABS Tap Send Update to send the selected
data fields to the LI-8100A for
implementation.

Don't Log

Send Update

The additional data values that can be logged are as follows:

Label Description

Case Temperature Air temperature inside the Analyzer Control Unit case,
in degrees C.

H20 ABS Absorption of photons in the optical bench due to the
presence of water vapor.

CO2 ABS Absorption of photons in the optical bench due to the
presence of CO».

Volts In Input (battery) voltage.

RH% Relative humidity inside the soil chamber.

Raw CO, raw signal.

Hour Time of day.

DOY Day of the year.

V1 Aux Input at voltage channel 1 (soil moisture).
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V2 Aux Input at voltage channel 2 (soil moisture).

V3 Aux Input at voltage channel 3 (soil moisture).

V4 Aux Input at voltage channel 4 (soil moisture).

T1 Aux Input at thermocouple channel 1, in degrees C.

T2 Aux Input at thermocouple channel 2, in degrees C.

T3 Aux Input at thermocouple channel 3, in degrees C.

T4 Aux Input at thermocouple channel 4, in degrees C.

Flux Computation Automatically computes flux rate after each
measurement.

GPS Latitude Decimal degrees, hemisphere (+) north or (-) south

GPS Longitude Decimal degrees, hemisphere (+) east or (-) west

GPS Status A = Valid position, V = NAV receiver warning

Speed Speed over ground, 0000.0 to 1851.8 km/h

GPS Course True course over ground, 000.0 to 359.9 degrees

3. Click on the Setup menu and choose Area and Volumes. The Area and
Volumes screen appears (below).

The Total Volume value is
[ computed and displayed after

sewp Area and Volumes the Chamber Offset, Soil Area,
and Chamber Volume values are
entered. IRGA Volume is set
under “Instrument Settings” and
is displayed here.

Chamber Offset: 0 cm

Soil Area: 317.8 cm?

C Chamber Volume: 4073.5 cm?®

IRGA Volume: 19.0 cm?

Total Volume: 4092.5 cm?

Chamber Offset

The Chamber Offset is the distance (in cm) between the soil surface and the
top of the soil collar, and is dependent upon the depth that the collar is
inserted into the ground (discussed in Section 2, Initial Setup). The soil CO,
flux measurement requires an accurate estimate of the Total System Volume.
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The LI-8100A software uses the Chamber Offset and the Soil Area values to
calculate the volume of air inside of the soil collar. This value is, in turn,
added to the Chamber Volume to obtain the Total System Volume.
Measuring the Chamber Offset is described in Section 2, Using Soil Collars.

Soil Area
The area of soil encompassed by the soil collar, in cm?. Calculate the Soil
Area from the inside diameter of the soil collar. The default values in the

LI-8T00A software are given for the 10 cm and 20 cm soil collars provided by
LI-COR.

Chamber Volume

The Chamber Volume value includes the air inside the chamber, as well as
from the tubing attached to the chamber. This volume is entered
automatically when you choose the Survey or Long-Term chamber in
software, but can be adjusted manually by the user if the chamber volume
changes for any reason (i.e., the tubing length changes).

IRGA Volume

This is a factory-defined value that includes the volume of the optical bench
and associated plumbing inside the Analyzer Control Unit. The default IRGA
volume is 19 cm3.

Total Volume
The total system volume, which is computed from the sum of the Chamber
Volume, IRGA Volume, Chamber Offset, and Soil Area.

Click on the 8100 menu and choose Outputs. The Output screen appears
(below), where you can configure the raw data values that are sent by the
instrument via the RS-232 port, or via the TCP/IP port, if you are using the
LI-8100A in a wireless network, or with an Ethernet cable. This is primarily
used when capturing raw data values with an external data logging device.
Note that these values are simply sent as a data stream; data are not parsed,
nor is header information included. You can also choose the output
frequency for both RS-232 and/or TCP/IP data.
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Outputs

RS-232 Output Fields

Send RS-232 Data Every:

TCP/IP Output Fields:

Send TCP/IP Data Every

RS-232 Output

Fields

1 second

1 second

Data can be output via RS-232
or TCP/IP at intervals between 0
(Minimum Value) and 20
seconds (Maximum Value).

ouputs - Set Output Rate:

On RS-232 Channel:
Qutput Every: 1 Second

Maximum Value Minimum Value

Send Update

Choose the data values to be sent to the RS-232 port.

ouputs  Select RS-232 Outputs:
ﬁ

<IA> tiim

<TX> 10s

Transmit

Flux

Don't Transmit

Transmit All |

Send Update

| Transmit None |

Tap Transmit to enable the selected
data value; a <TX> notation is placed
in front of the data value. Tap Don’t
Transmit to disable the selected data
value.

Tap Transmit All to enable all data
values, or Transmit None to disable all
data values.

Tap Send Update to send the selected
data fields to the LI-8100A for
implementation.
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The data values that can be output are as follows:

Label Description

Time Instrument time.

10s Flux Ten second running estimate of soil CO, flux rate.

CO2 Chamber CO; concentration in ymol/mol.

CO2 Dry Chamber CO; concentration, corrected for water vapor
dilution, in ymol/mol.

H20 Chamber water vapor concentration, in mmol/mol.

Pressure Atmospheric pressure in the optical bench (kPa).

°C (Ch) Air temperature inside the soil chamber.

°C (Bn) Temperature of the optical bench.

°C (Case) Air temperature inside the Analyzer Control Unit case.

H20 ABS Absorption of photons in the optical bench due to the
presence of water vapor.

CO2 ABS Absorption of photons in the optical bench due to the
presence of CO».

Volts In Input (battery) voltage.

Raw CO2 CO; raw signal (sample analyzer).

Raw CO2 Ref CO, raw signal (reference analyzer).

Raw H20 H,O raw signal (sample analyzer).

Raw H20O Ref H,O raw signal (reference analyzer).

RH% Relative humidity inside the soil chamber.

V1 Aux Input at voltage channel 1.

V2 Aux Input at voltage channel 2.

V3 Aux Input at voltage channel 3.

V4 Aux Input at voltage channel 4.

T1 Aux Input at thermocouple channel 1, in degrees C.

T2 Aux Input at thermocouple channel 2, in degrees C.

T3 Aux Input at thermocouple channel 3, in degrees C.

T4 Aux Input at thermocouple channel 4, in degrees C.

CRC Cyclic Redundancy Check (see note below).

Strip Remove markup (see note below).

CRC (Cyclic Redundancy Check) is an algorithm that is used to verify the
integrity of the data. Before each data packet is sent by the LI-8100A, a CRC
is calculated (pre-transmission) for that packet, and then appended to the
packet. When the client (e.g. the computer) receives the packet, it strips off
the appended CRC and calculates its own CRC (post transmission). If the two
CRC values match, it is assumed that the packet was transmitted correctly.
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When CRC values are appended to the data packet, the value is automatically
marked up. A typical CRC will appear as

<CRC>3067450353</CRC>

Disable 'CRC' to remove CRC from the data. Note that the LI-8100A PDA
applications do not use CRC checking.

Note that when the LI-8100A outputs data, each field is "marked up" using
eXtensible Markup Language (XML) to delimit that field. For example, when a
CO,, value is output, the data value is placed between two "tags" that describe

what that value is, as in:
<C02>350.21</CO2>

Enable 'Strip' to remove the markup from the data stream. The resulting data
set is a data stream where each data field is separated by a space.

TCP/IP Output Fields

Tap on the TCP/IP field to configure the data values to be sent via the wireless
card, if desired. Note that you can configure the TCP/IP (wireless) and/or RS-
232 options while the other is enabled; changes will not take effect until data
logging is stopped and restarted, however. For example, if you are currently
logging data to the PC, you can configure the wireless output, but you must
first stop logging data to the PC before beginning wireless output with the new
configuration.

The data values that can be output are as shown above at RS-232 Output,
with the addition of GPS values (latitude, longitude, GPS status, speed, and
course).

Click on the Setup menu and choose Start Measurement. The Start
Measurement screen appears (below).



Using the Long-Term Chambers 1-23

sewp Start Measurement

File Name:

Comments:

Chamber Offset:

Treatment Label:

test2
Test plot #2
3

T2

The Treatment Label is
embedded as a separate
column in the data
records.

Log To: Internal Flash
Start At: 2011-09-07 13:50

Repeat Meas.: 00:30 x 5

Measurement: Start

Enter a File Name and optional Comments. Enter the Chamber Offset and
Treatment Label.

Note that if the Chamber Offset and Treatment Label prompts are enabled
(see #5 above), you will be prompted for these values if they are not already
entered on this screen when the Start button is pressed.

Log To

Data collected by the LI-8100A can be stored to the instrument's internal
memory, or to an optional Compact Flash card; you can log to one or the
other, but not both at the same time.

Repeat Measurement and Start At:

The Repeat Measurement and Start At functions allow you to repeat the
defined protocol at a regular clock interval. The Start At: parameter functions
independent of the Repeat Measurement parameter; the Repeat Measurement
function can be disabled, but you must still enter a valid Start At: time to
intiate a measurement.

These functions are particularly useful when making long term, unattended
measurements. For example, you could specify a 90 second Obs. Length, 45
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second Deadband, Obs. Delay of 2 minutes, and Obs. Count of 3. This
protocol could then be repeated every hour for 240 hours (10 days). The
resulting data set would include 240 measurements, with each measurement
consisting of three 90-second observations.

6. Tap Start to begin the measurement.
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Installing the PC Communications Software on Your Computer

The PC Communications Software that comes with the LI-8100A is used to
transfer data and setup files between the LI-8100A and the PC.

The software is shipped on CD, and requires that your computer have an RS-
232 serial (COM) interface, and Windows® XP/Vista/7.

Insert the CD into your CD-ROM drive. If installation does not auto-matically
start, select Run from the Windows Start menu, and select the setup.exe file
on the CD. When the software has finished the installation procedure, the
LI-8100A program icon will be placed on your desktop and in the Programs
menu.

NOTE: To remove the software, go to the Control Panel and select
Add/Remove Programs. Choose LI8T00A from the list of programs and click
the Add/Remove button.

Operation - Using the LI-8100A Software

Data from the LI-8100A can be transferred to a computer for analysis, printing or
storage using the RS-232 or Ethernet interfaces. The LI-8100A RS-232 port is
configured as Data Terminal Equipment (DTE) with no hardware handshaking, and
is bi-directional, meaning information can be transferred both into and out of the
LI-8T00A. The LI-8100A communication parameters are as follows:
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Baud Rate: 38400 bps
Data Bits: 8

Parity: None

Stop Bits: 1

Flow Control: None

Double-click on the LI-8100A program icon to launch the program; the Main
Window appears.

Connecting

Select Connect from the File menu or click on the connect icon on the toolbar,
beneath the File menu. You are asked to select the serial port to which the
LI-8100A is connected or the IP address of the LI-8100A, if the LI-8100A is
connected to a wired or wireless network (see Remote Networking below).

== LI-B100 Automated Soil CO2 Flux System

Communication Setup View Utilities 5100 Help

EI Connect Ctrl+C — -

Serial Port [COM)

" TCF/P

[~

Connect Cancel |

Choose a COM port or enter the IP address, and click Connect. If the instrument is
connected properly, data will begin to appear in the Main window (below):
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= LI-8100 Automated Soil CO2 Flux System

Communication Setup View Utilities 8100 Help
&9 Thl=

Status Data

Chamber Mone detected et ‘ +4O 8567633 t ~

State: OPEN

N Click here to
b= open the list of variables
—96 6578667 ‘ \ that can be displayed...
A ‘ Wiew |tem:

HZ20 absorption:

ODO . O ‘ Pressure [kPa):

Bench Temp [C):
Chamber Temp ["C):

1 DO O ‘ Case Temp ['C]:

10z Flux:

RH [%):
7692‘ V'IflEdL]xFlow:

W

Flow Pump:  OFF Longitude
IRGA: READY

This symbol indicates the GPS GPS Status
receiver has acquired a valid

GRS VaidFosion  Si9na @

Multiplexer: Mot Attached

|

Speed

Measurement
Course

Gas Port: COZ (pmolimal)

Observation: 105 Flux

[=]
o

Chamber Temp (°C):

M ame: ‘

Win [vaoltz]:
Case Temp ("C): ‘ 266‘ F!auEl EDZ]:

Faw COZ2 Ref:

FawH20:

Connected to ACU-101 on 172,24,41,118 2011/09428 11:34 Instrument Idle Eatv;ﬂ E2D Ref.

alltude:

or double-click inside the field to open the list. Longitude:

GPS Statuz

Speed:

Course:

OFF

v

[ ok [ concel |

The Main window displays selected data variables on the right side of the window,
as well as the progress of the current measurement and the status of various
LI-8T00A parameters. You can change the variables that you want to monitor,
displayed on the right side of the window, by clicking on the dots next to any
variable and selecting a different one from the pop-up menu (above). There are also
five menus used to configure the LI-8100A, perform zero and span calibrations,
and set up the parameters for recording data.

NOTE: You can also double-click inside the data fields to open the pop-up menu,
and then double-click on the desired variable to make it active.

Using the Toolbar

The toolbar in the Main window contains shortcuts for some of the commonly used
menu items:
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Connect\ New\Measurement Settings
i3 Eﬁ *x |.|l|. =) —File Manager

Disconnect/ Start Charting

Measurement

Communication Menu

Connect

Opens the Connect dialog, where you can choose the serial (COM) port on the
computer to which the LI-8100A is connected, or enter the IP address of the
LI-8100A, if it is connected to a network.

— 7al The Internet Protocol (IP)

E o i

== Lonnect gl address is a unique number that
A Saial identifies a host (in this case, the

LI-8100A) connected to a
[ =] network. The address is
- composed of a set of four
numbers (called octets), where
e each octet ranges in value from
0 to 255. When entering an IP
o 5 address, the octets are

IP &ddress: . .
separated with a period. For
example, 192.168.100.2 is a
valid IP address.
Carirect I Cancel

Disconnect

Terminates communication between the Windows application software and the

LI-8TO0A.

Setup Menu

Chamber Measurement

Opens the Single Chamber Configuration window, where you can define the
measurement protocol, data logging options, flow rate, voltage inputs, and
chamber offset values. There are a number of tabbed pages associated with the
Chamber Configuration window; click on the tabs to open the other pages.

Note that there are 4 Configuration Categories in the upper lefthand corner of the
window; clicking on any of the categories changes the options in the main part of
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the window. After you have finished defining the chamber’s configuration, be sure
to click the Apply to Port button.

Port Setup: Chamber

The Chamber tab contains options for choosing the type of chamber that is

connected to the LI-8100A, as well as entering any Volume Corrections, including
chamber offset and soil area.

& Single Chamber Configuration

Configuration Categories:
Fart Setup

Repeat
Thermacouples
Presets

Chamber | Observation | Data Logging] W ] 2 ] ] ] Wa ]
Chamber Tatal Systen Yalume

IDGET TR D) o Survey - [3100-103)

e

4092.5 cré

00:03:45

00 00: 03: 45

Sequence Time (HH:Mi:55):

Total Time [D0:HH:MR:SS5]:

=

Temp Source: |Chamber  +

Wolume Comections

Soil Area o] |317.8
Chamber Offset (cm); |0.0

Apply to Port
Cloze

Choose the type of chamber that is connected from the Chamber pull-down menu.
The choices are:
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Charmber

Charmber: | 20 e Survey - [3100-103] j

Cuztom

Long Term - [8100-101]
Long Term - [8100-104)
Lang Term - [E'I 00-104C]

Custom — a user-built chamber, or tubing used for profiling studies.
Long Term — LI-COR p/n 8100-101

Long Term — LI-COR p/n 8100-104

Long Term (Clear) — LI-COR p/n 8100-104C

10 cm Survey — LI-COR p/n 8100-102

20 cm Survey — LI-COR p/n 8100-103

Chambers sold by LI-COR provide an electronic signal when they are closed; this
signal is used during various operations (e.g. during calibration) to indicate when
the chamber is fully closed. Thus, when a LI-COR chamber is chosen from the
menu, the ‘This chamber provides a “Closed” signal’ check box is automatically
checked. If a custom chamber is attached, this check box should be checked only
if the chamber provides this electronic signal. The Chamber Volume (cm’) is
automatically entered for LI-COR chambers; this value will need to be manually
entered when using custom chambers.

The Temperature Source determines where the air temperature measurement used
for the flux calculations is obtained. When using a LI-COR soil chamber, this field
should always be set to ‘Chamber’, so that the temperature measurement is made
using the thermistor located inside the chamber. For other experimental protocols
(e.g. making flask measurements), however, you can choose to map the
temperature measurement to any of the analog voltage input channels (V1-V4 with
the Auxiliary Sensor Interface, or V2-V4 with the 8100-104/C and the LI-8150
Multiplexer), and then use the appropriate V2-V4 tabbed page to enter the
coefficients for the user-supplied temperature thermistor. The temperature derived
from that input channel will then be used for the calculations.

The Volume Corrections allow you to enter the exposed Soil Area (cm?) within the
soil collar, as well as the Chamber Offset value.

The Soil Area is the area encompassed by the chamber collar. The Chamber
Offset is the distance (in cm) between the soil surface and the top of the soil collar,
and is dependent upon the depth that the collar is inserted into the ground
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(discussed in Section 2, Initial Setup). The soil CO, flux measurement requires an
accurate estimate of the Total System Volume. The LI-8100A software uses the
Chamber Offset and the Soil Area values to calculate the volume of air inside of
the soil collar (Collar Volume). This value is, in turn, added to the Chamber
Volume and IRGA Volume to obtain the Total Volume. Measuring the Chamber
Offset is described in Section 2, Using Soil Collars.

The Chamber Volume and Soil Area values are entered automatically when a
LI-COR chamber is chosen from the Chamber pull-down menu.

Port Setup: Observation
Click on the Observation tab to open the Observation page, where you can define

the Observation Length, including delay times, Dead Band value, and Purge Time
values.

& Single Chamber Configuration

Configuration Categories:

Fart Setup
Repeat
Thermaocouples
Presets

Chamber Observation | DataLogging| v | %2 |va  |wa |

Observation

Treatment Label: |Te$t2

00:03:45

00 00 03: 45

Sequence Time (HH:Mi:55): Diszrelio Lemgi zecond(z] PliEmEE: zecond(s]

Total Time [D0:HH:MB:SS5]:

minute[z)] rirwte[z]

Dead Band: zecond(z] Post-purge:: zecond(s]

Observation Count: -

[ Stop obzervation if RH reaches: X

Apply to Port
Cloze

The Treament Label is user-entered information which is included in a data record
(maximum 30 characters).
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The Observation Length is the time period from the instant the chamber is closed
until just before it begins to open again, and includes the specified Dead Band
period. At moderate to low CO, fluxes an Observation Length of 90 to 120
seconds is usually adequate.

When making repeated measurements, a delay is required to allow the chamber air
to return to ambient conditions before beginning the next observation cycle. This
delay is referred to as the Pre-purge.

The Dead Band is the time period that starts when the chamber closes completely,
and continues until steady mixing is established and the measurement begins. The
Dead Band requirement changes depending upon the chamber geometry, system
flow rate, and collar and site characteristics. Testing at LI-COR has indicated that a
Dead Band between 10 and 60 seconds generally provides adequate mixing.
There may be conditions, however, where a longer Dead Band is required. Note,
too, that collected data can be recomputed using longer (or shorter) Dead Bands
with the LI-8100A Data Analysis (File Viewer) program.

The Post-purge is the amount of time during which air continues to flow through
the chamber as it begins to open, after the measurement is complete. This is
important in certain cases where environmental factors may influence the amount
of CO, or moisture that is present in the gas sampling lines. For example, in hot,
moist conditions, you may want to increase the Post-purge to ensure that the gas
sampling lines are purged of moisture that may condense in the lines, before the
next observation using that chamber is started. In most cases, a Post-purge of about
45 seconds is adequate.

When an observation is complete, the chamber will automatically rise up off of the
soil collar. Under very still conditions it may take 2 minutes or more for the

chamber air to return to ambient conditions. Under windy conditions the chamber
CO;, concentration may return to ambient levels in as little as 20 or 30 seconds. In

back-to-back observations, the Pre-purge follows the Post-purge (below).

IMPORTANT NOTE: The Post-purge function was added to the Windows
Application Software V2.0 to accommodate the use of multiple chambers with
the LI-8150 Multiplexer, where it is important to purge the gas sampling lines
before making the next measurement with that chamber. Because the Post-
purge starts after the measurement is complete, it has slightly different
implications for use in single-chamber mode. As shown in the chart below,
after the first measurement is complete, the Post-purge starts, followed by the
Pre-purge; thus, the Post-purge and Pre-purge become additive. In most
single-chamber applications, the combination of the two delays is excessive.
Note, too, that before the first measurement starts, the chamber will not close
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Is Open
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until the Pre-purge has finished; again, in most cases this delay is unwanted,
particularly when moving the chamber from collar to collar. For these
reasons, you may want to use the Post-purge value instead of the Pre-purge;
in other words, set the Pre-purge to zero, and set the Post-purge to 20-30
seconds, or more, depending on the conditions described above at “Pre-

purge”.

Chamber : : : : Chamber : Chamber
Closes : : :

Opens : Closes

i<— Observation Length -

Summary
Records
: : Logged
! Dead | Data Post- | ; i Dead | Data
: Logged purge ! ' i Band ! Logged
~<—— Pre-purge —>! : Pre-purge : !
(optional) : Range for ! (optional)
I ~<——Summary —>-{ B
H : : Records H : ' :
|———— Observation #1 —— | j————— Observation #2 ————|

} Measurement
(includes n observations)

Enable the 'Stop observation if RH reaches' check box and enter a relative humidity
value (if humidity is a concern at the measurement site). The Observation will
abort if the measured relative humidity in the chamber exceeds this value at any
time during the Observation. If the Observation is aborted, a message is placed in
the log file, and the measurement will continue at the next Observation.
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Port Setup: Data Logging

The Data Logging page contains a number of Optional Data Fields that can be
logged with each Observation. These fields are not used in any flux calculations.
Choose Select All to enable all records, or Clear All to disable these records. If
you want to perform flux calculations after each Measurement is completed, enable
the ‘Perform Flux Computations’ check box.

= Setup Single Chamber Measurement E|

Configuration Categories:

Chamber | Observation| Dataloaging w1 w2 w3 | w4

Repeat ]
Thermocouples Optional Data Fields
Presets
Howr W1 Latitude
Day of Year Wa Longitude
Fielative Hurmidity W3 GPS Status
Case Temperature Wa Speed
Sequence Time [HH:MM:55]; Input Voltage Thermocouple 1 Course
00:02:30 H20 Absorphion Thermocouple 2
: CO2Z Abzaorption Thermocouple 3
Tatal Time [D0:HH:MM:55]: 7] Raw IRGA Dutputs ] Theimocoupk 4
00071 5:00
[ setectal | [ Clearsn
Recaords
Perform Flux Computations
’ & Start Measurement... ]
[ Cloze ]
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Port Setup: V1 (V2, V3, V4)

The V1, V2, V3, and V4 windows are the areas in which you can input the
coefficients for linear external input devices connected to the Auxiliary Sensor
Interface box. There is a General Purpose Input, Thermistor input, and a dedicated
input for the Decagon EcH;,O or Delta-T Theta soil moisture probes that can be
monitored on any of V1, V2, V3, or V4 voltage channels.

& Single Chamber Configuration

Configuration Categories:

Part Setun Chamber | Observation | Data Logging %1 I\-’2 |va |ws |
Repeat
Thermacouples p
Pressts W Se-t.tmgs
o
" Soil Moisture Probe
i Thermigtor |nput
me |1.00
Sequence Time (HH:Mi:55): b ,F
000345
Total Time [D0:HH:MR:S5]:
00:00:03:45
w=me+h

Apply to Port
Cloze

Enter the slope and offset values (obtained from the manufacturer) for each device
attached to the voltage inputs. If Thermistor Input is selected, the page changes to

show input fields A, B, and C, for thermistor calibration coefficients; the thermistor
temperature calculation is of the form

T (°C) = 1/[A + B*(In R) + C*(In R)’] = 273.15

NOTE: If a soil moisture probe is connected, the probe is automatically powered
for about 10 seconds to allow it to stabilize, before it is sampled.
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The voltage ouput from the input devices connected to the Auxiliary Sensor
Interface can be viewed in the Main Window.

Repeat

The Repeat Measurement page allows you to repeat the defined protocol at a
regular clock interval. These functions are particularly useful when making long
term, unattended measurements.

& Single Chamber Configuration gl

Configuration Categories:
ol Sl Repeat Seguence

~
Thermocouples Ripeet i hour(z).
Fresets minute(z],

Repeat times. Set To Max

[ Turn off flow pump(z) between repeats

Sequence Time [HH:MM:55]:

00:0%:45

Apply Changes
Total Time [DD:HH:k4M:55]: g
00:00: 0345

Cloze

For example, you could specify a 90 second Obs. Length, 45 second Deadband,
Pre-purge of 2 minutes, and Obs. Count of 3. This protocol could then be repeated
every hour for 240 times (10 days). The resulting data set would include 240
measurements, with each measurement consisting of three 90-second observations

on the chosen port. The maximum number of repeats is 12000 (Set To Max
button).

You can elect to turn off the flow pump between repeated measurements to
conserve battery life and extend the life of the pump by enabling the check box.



Windows Software Reference (Single Chamber Mode) m

Thermocouples
The Thermocouples window is the area in which you can input the coefficients for
thermocouples attached to the Auxiliary Sensor Interface. There are 4

thermocouple channels (Type E, J, or T); choose the thermocouple type from the
pull-down menu.

& Single Chamber Configuration

Configuration Categories:

Fort Setp Thermocouple |nputs
Repeat Thermocouple 1 type:

Presets

Thermocouple 2 type:

Thermocouple 3 type:

Thermocouple 4 type:
Sequence Time (HH:Mi:55):
000215

Total Time [D0:HH:MR:S5]: #pply Changss
00000215

Cloze

Click Apply Changes to send the values to the LI-8100A.
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Presets

After you have finished defining a set of measurement protocols, you can save the
definition as a Preset, which can then be recalled and applied globally, rather than
re-defining the protocol each time it is to be used. For example, you might have a
series of measurement protocols for daytime, nighttime, and diurnal measurements.
Any or all of these protocols can be saved individually for later recall.

& Single Chamber Configuration

Configuration Categories:

Part Setup
Repeat

T hermocouEIes lazt_rneasurement Load Selected ‘

Presets

Load From File... ‘

Transfer ta PC... ‘

00:02:15

0000 02:15

Sequence Time (HH:Mi:55):

Total Time [D0:HH:MR:S5]:

Delete Selected ‘

Save Measurement Setup ‘

Cloze

Click Save Measurement Setup to save the configuration as currently defined to a
Measurement Preset. You are prompted for a filename for the Preset. After the
Preset is saved, you can save it to the computer by clicking Transfer to PC, and
choosing a destination for the file (by default, they are saved in a folder named
Presets in the LI-8100A Program Files folder). Preset files are appended with a .81p
file extension.

To load a Preset, choose a Preset from the list, and click Load Selected, or click
Load From File and locate the file on the computer.

Click Delete Selected to remove a Preset from the list.
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Continuous Measurement

The optional 8100-405 CO, Mapping Kit can be used without a soil chamber in
continuous measurement mode to map CO, concentrations across any transect of
interest. In continuous mode, a single measurement of up to 24 hours can be made.
A user-provided intake tube is required; tubing and fittings are provided in the
spare parts kit to aid in construction of the intake tube. Considerations and
guidelines for sampling height, intake tube construction, and concentration
mapping can be found in Application Note #135, entitled “Mapping CO,
Concentrations and Fluxes with the LI-8100A”, included with the 8100-405 kit, or
in electronic format at www.licor.com/env/support.

Data collected with the LI-8100A in continuous mode are formatted differently
than those collected with a soil chamber. The data lack headers and footers
included in the standard .81x file format, and are formatted as comma-delimited
text (.csv file format). Much of functionality of the soil flux measurement protocols
is disabled (e.g. observation length, dead band, etc.) in continuous mode, as these
features have no application for continuous measurements.
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Collecting Continuous CO, Concentration Data

1.

Connect the 8100-405 as shown in Figure 2 of the 8100-405 Instruction
Manual.

Connect the intake tube to the Air In fitting on side panel of the LI-8100A
Analyzer Control Unit. Bev-a-line tubing and fittings are included in the spare
parts kit.

Attach the GPS receiver to the Analyzer Control Unit, or other suitable mount.
The 9981-211 Mounting Bracket is included for easy attachment to the
Analyzer Control Unit.

Start the Windows Application Software V4.x and above, and choose
Continuous Measurement from the Setup menu.

§etup‘£iew Utilities 100 Help

5‘?‘ Chamber Measurement... Ctrl+M

£ Continuous Measurement...

Choose the data values to be logged.

& Setup Continuous Measurement 3
Configuration Categories:
 —_— Dataloggng [v1  |v2  [vz |va
Themmocouples
Presets Optional Data Fislds
Hour W1 Latiude
Dayof Year W2 Longinide
Relative Humidity W3 GPS Status
Case Temperature i Speed
Input Valtage Thermocouple 1 Course
H20 Absorption Thermocouple 2
CO2 Absorption Thermocouple 3
[] Raw IRGA Dutputs 1 1
Select All Clear A1l
A Start Measuremert,

Choose the data values to be output via Ethernet or wireless communication
(optional).

Start the measurement. Enter a file name and the location to which to save the
file.

Add annotations (optional, see below).
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9. Stop the measurement manually at any time.

Adding Annotations

Annotations can be added at any time during a continuous measurement. These
annotations will appear as a separate data column in the resulting .csv file. When
converting the .csv file to .kml format using the included converter (described in
the 8100-405 instruction manual), you will be prompted to process file
annotations. A separate .kml file is created for these file annotations, which appear
as placemarks when imported into Google® Earth.

After the measurement has been started, click on the Annotate Data button in the
Main window (below).

& LI-8100 Automated Soil COZ2 Flux System =3

Communication Setup View Utilities 3100 Help

el |1 =]

Status Data
Chambe | Mone detected Latuce: | +40. 8567633
State: OPEM
Flow Pumg: - OFF Longitude: | -96.6578667
IRGA: READY
Multiplexer: Mot Attached ol
GPS Walid Positian & Speed 000 )
Measurement SR 100.
Name Trarsect] =]
GasPot  LIE100 ST 769.

Observation:  1af1 10z Flux;

0%
Chamher Temp {"C)

Case Temp (*C)

Annotate Data l l @ Stop Measurement

B

el |n o

il o w

gl |

= o RN ol o>
g

Cannected to ACU-101 on 172.24.41.118 2011/09/26 11:34

You can enter annotation text in the resulting Annotate Data File box (below).
Annotations appear as a separate data column in the .csv file, with a time stamp
corresponding to the time at which the Apply button is pressed.

= Annotate Data File IZHE@

Annotation:

Enter annakation texk here |

Apply ] ’ Cancel ]
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Start Measurement

= Start a Measurement

X

b eazurement Configuration

Preset: |Eurrent Settings j

M eazurement File

Mame; |Test2

f# Create a standard data file

" Split data files by the: |Day  »| [Appends a date to the file name]
i Append data to an existing file

Comments:

Desztination

i» [nboard Intemal Flazh
" Compact Flash Card [PCMClA)

 eazurement Stark

f* Start Immediately
O Statat [E/0427 = [1253 = Start Measurement |

Cloge

Measurement Configuration

You can choose a defined set of measurement parameters from the Preset pull-
down menu, or use the configuration as currently defined (see Measurement
Configuration:Presets above).

Measurement File

Enter a File Name and optional Comments. The Comments appear only in the
header information. Files can be created in the standard data file format, where the
entire data set is placed in a single file, as defined by the measurement
configuration. Large files can be split into smaller files, in increments of 1 day, or 1
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week. Files split by the day are appended with a date, beginning at 12:00 a.m.
each day; files split by the week are appended with a date, and are also split at
12:00 a.m each day. Click the ‘Append data to an existing file’ button to add new
measurement data at the end of the currently defined file.

Destination

Data collected by the LI-8100A can be stored to the instrument's internal memory,
or to an optional Compact Flash card; you can log to one or the other, but not both
at the same time. Data stored to the internal memory can be transferred to a
Compact Flash card or to the PC when a measurement is not active.

Measurement Start
Enter a Start time. You can start the measurement immediately or choose to begin
the measurement at a specified date and time.

Instrument Status
Opens a window that displays the current operating state of the LI-8100A.

"E Instrument Status

[mgtrument
Mame:  LI-37100

Serial Mumber:  814-101
Embedded Software; 4.0.0
IRGA Software: 2.0.2
[nput Waltage: 127
Bench Temperature; 51.5°C
Caze Temperature; 37.0 °C
Internal Storage: 11,7 MEB
Compact Flash:  Absent
Operating Hours: 46964.0

Cloze

Click Close to close the window.
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Error Log

Opens a window that displays any logged errors that occurred during a
measurement cycle. Click Clear Log to delete all messages, or Save Log to enter a
filename and save the Error Log to a text file.

& System Error Log [:||E|E|

2010-04-21 14:44:40: Measurement=Test5.81%: The relative huridity has exceeded the threshold vou entered.  The observation will end.

Save Log.. Cloge

Summary Records

Opens a window that displays select records, including Status (linear or
exponential flux calculation), Flux values and Flux CV for each observation. Click
Previous or Next to scroll through all Summary Records.
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& Observation Summary

Summaries
Meazurement: Test? 81x
Obzervation: 1
Port: 1
Label:
Tirne; 200404421 13:24
Statuz: Exp
Flu: 216
Flue CW: 13
|
Reports

Opens the Report window, which provides a variety of ways to view selected
Observations. Choose Select Data File from the File menu, and choose the file

whose Observations you want to view.

The Observation tab displays the Observation’s data in tabular format. Choose the
Observation number using the scroll arrows, or just type it in, and click View
Observation. If you do not want to view the observation header and/or the

summary records (Type 2, 3, and 4 records), disable the check box(es).
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File

Selected File:  Test2.81x
Paorts Used: 1

Tatal Obzervations: 1 [First=1 Lazt=1]

Observation Yiew l Flux Cormparizon ] alues by Port ] ‘alues by Dbservation ]

| [ 1 1 [ I 11 A

W 10 86 Mdd 20 172 E)

File: Mame: Test2 .

Instrurment Mame: | ACU401

Serial Mumber: LIMKMNOWHN

Software: 207

Comments:

Obsi: 1

Porti: 1

Label:

Obszervation Length; 0120

Fre-purge: 00:.00

Dmnb miirmme nn- AR !

% ¥

ot PR [ Include observation header
el — I Include record twpes 2,34

Cloze

The Flux Comparison tab allows you to plot flux values on a chart. Choose the
number of flux data points to be plotted, and click Plot Fluxes. The Max Items
denotes the number of points to plot. The data plotted on the graph are always the
most recent in the file. Click Clear Chart to remove all plots from the chart.



Windows Software Reference (Single Chamber Mode) m

File

Selected File:  Test2. 81x
Paorts Used: 1
Tatal Obzervations: 1 [First=1 Lazt=1]

Observation Wiew  Flux Comparison l Walues by Port | Walues by Obzervation

Flus
[on]
=

Part: 1 = Clear Chart

b Items: |5IJ 3!

Cloze

Click on Values by Port to graph two specific data items for a given port. The
points are data from the last (Max Items) observations. Select the variable to plot
on each axis. Click Plot. To automatically scale the left and/or right axes, click on
Chart Options. Enable automatic scaling, and set the maximum and minimum
values for the axes, if desired. To view the selected Observations in tabular format,
click on View Table. Click Clear Chart to remove all data from the chart.
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File

Selected File:  Test2 81x
Ports Used: 1
Tatal Obzervations: 1 [First=1 Lazt=1]

Observation Yiew ] Flux Comparizon  Yalues by Port | %alues by Obzervation

4] o
34 L3
z 2 2z
& &
& o
0 fo
g Fq
I 1 1 I I ) I ) 1 I I 1 1 1 ) 1 I I I I ) 1 1 I
353 357 361 365 360 373 377 361 385 389 393 397 401 405 400 M3 417 421 425 429 433 437 441 445 449

Left iz |EwpFlus - ] Plot

Chart Options...

Pat: |1 =

Right dxis ]EHpFqu - Flat
# dis: ]Dbsewation - M aw lbems: ISD :|

Clear Chart

Cloze

Click on Values by Observation to plot records by observation, on left and right
axes, against elapsed time (ETime). Values by Observation displays all of the raw
data values for a particular observation; this is used to view a single observation in
detail. Choose the Observation whose records you want to plot, and then select
the variable to plot on each axis. Click Plot.
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File

Selected File:  Test2.81x
Ports Used: 1

Total Observations: 1 [First=1 Last=1]

Observation View ] Flux Comparizon ] Yalues by Fort  Yalues by Observation

el

H20
]
(4]
Techam

[T T T [t ] S e s B I S U T e . X e TN, NPT
-1 -1 -1 a 1 2 3 4 5 [ 7
ETime (gec)

Chart Dptions...
) Left Asis: | ] - Plat

Observation: |1 z ‘iew Table...

Right fixiz | Tcham - Plot g
Clear Chart

L
g
.
]
w

Cloze

To automatically scale the left and/or right axes, click on Chart Options. Enable
automatic scaling, and set the maximum and minimum values for the axes, if
desired. To view the selected Observations in tabular format, click on View Table.
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= Table View M=E3

Obzervation E spFlus ExpFlux |
216 216

Click Clear Chart to remove all data from the chart.
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Utilities Menu

File Manager
Opens the File Manager dialog, where you can move files from the LI-8100A to
your computer or optional compact flash card.

= File Manager

Local PC “Internal Storage *18.0 ME Free
@' Desktop -
<[5} My Documents Eame | Size Transfer to PC
+ j by Computer Lﬁ Test2. 814 4K
+-8 My Network Flaces [ start.B1x 49K Copy to CF
@/ Recycle Bin W

Delete

Delete Al

Refrezh

W Use FTP ta transfer files to PC.

Compact Flash Card

r‘-Jame | Size Tranzfer to FC
[ start. BT« 49K SR
Delete Al

Formnat

Eject Card

Refrezh

Pt el

Size: 9772 MB Free: 5771 MB

Cloze

The Local PC window displays a directory tree of the files on your computer. The
Internal Storage window displays the LI-8100A data files currently stored on the
LI-8100A internal flash memory, and the amount of free memory available. Note
that there is an asterisk by the Internal Storage free memory available shown; this is
a reminder that data files stored on the LI-8100A are compressed. Therefore, the
free memory available on the LI-8100A may not be indicative of how many files
can be stored there. Files are compressed at a ratio of roughly 3:1, meaning if 15
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MB of free space are indicated, approximately 45 MB of LI-8100A data files may be
stored. The file sizes listed in the directory list are actual size, however.

If a compact flash card is present, the Compact Flash window also shows the
amount of available memory on the card. To move files from the LI-8100A:

1. Select the file you want to transfer and select Transfer to PC or Copy to CF.
When Transfer to PC is selected, the file(s) will be transferred to the selected
destination in the Local PC area.

or,
2. Drag and drop the file(s) you want to transfer.

Some useful keyboard shortcuts: Most of the common keyboard shortcuts can be
used when selecting and/or moving files in the LI-8100A directory list. For
example, press CTRL + A to select all files, Shift + click to select a range of files, or
CTRL + click to select multiple files individually. You can also ‘drag and drop’
selected files to the PC destination of choice, or to the Compact Flash card.

From Internal Storage...

Click the Transfer to PC button to move the highlighted file(s). When you are
finished moving files, you can delete selected files, or all files, by clicking Delete,
or Delete All, respectively. Click on Refresh to update the file list. Click Copy to
CF to move the selected files to the compact flash card. Click View File to open
the entire file in a new text window. You can also drag and drop files to/from the
internal storage.

Files generated by the LI-8100A are denoted with a .81x file extension, and contain
all of the raw data records and summaries.

From the Compact Flash Card...

Click on Format to format the compact flash card. Note that all files on the card
will be deleted. Click the Transfer to PC button to move the highlighted file(s).
When you are finished moving files, you can delete all files by clicking Delete All.
Click View File to open the entire file in a new text window. Click Eject Card to
unmount the compact flash card and safely remove from the instrument. Click on
Refresh to update the file list.

Manual Controls

Manual chamber controls are used to open or close the chambers, turn the
LI-8T00A flow on or off, or turn the bellows pump off. Controlling the chamber
flow manually is useful when performing user calibration of the infrared gas
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analyzer, as described in Section 5. In general, the Manual Controls are used for
diagnostic purposes, and are not used when making typical measurements.

= Manual Controls [‘5_<|

i |

Chamber

Open Chamber

Cloze Chamber

Bellows Pump OFF

Cloze

Click the Close Chamber or Open Chamber button to manually close or open the
attached soil chamber.
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& Manual Controls

X)

Charnber 1

LI-8100 GazPart

2100 Flow ON I:l
2100 Flow OFF

hulbiplexer

[Ciariioi |
[smnerz |

Cloze

The Flow tab contains controls for turning flow on or off to the LI-8100A. When a
measurement is started, the LI-8100A flow rate is automatically set to the highest
rate possible.

Calibration
Select Calibration to open the Calibration window. This is the area in which you
set the zero and span of the infrared gas analyzer in LI-8100A Analyzer Control

Unit. Step-by-step instructions for performing user calibrations are given in Section
5.
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= Calibration ﬁ

Zero CO2

COZ last zeroed on; 200104070 406 16:00

Zero COZ

d

Zero H20
H20 last zeroed on: 20010/01/06 16:00

Zero H20

d

Cloze

The calibration functions for both CO; and H,O correct for pressure fluctuations
that may be present. To disable this correction, click on the Options tab and
disable the ‘Enable Pressure Compensation’ check box.

The LI-8100A uses a rectangular hyperbola for the CO; calibration, and a third
order polynomial for H,O calibration. The Coefficients page displays these
factory-determined calibration coefficients, as well as those for the pressure
transducer, band broadening and cross sensitivity. These coefficients are fixed at
the factory, and are present on the calibration sheet included with the instrument.

The calibration constants for CO, and H,O zero and span calibrations are found
on the Manual page. These constants are stored to a file on the computer by
clicking on Save Values. Click Load Values to restore the values in this window
using the file on the PC. If new constants are entered in this window, click Apply
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to send the values to the LI-8100A for implementation; the constants are not
automatically saved to the computer until you choose Save Constants.

Charting

Select Charting to open the Charting window (below). This is the window in
which you can set up the parameters for plotting your real-time data. Two charts
can be plotted simultaneously, using Y axes on either side of the chart.

& Charting

550 [1,500
o - o
2 500 1400 2
= F 300 2
5' - 1,200 5
o e o
o 4001 : o
i F.,100 o
A0 i Ly oy b Lo o o e s L L e e L e s e e
0 2 4 B 5 101214 1615 20 22 24 26 25 30 32 34 36 35 40 42 44 46 45 20 52 54 36 558 60
e Time (=ec) =
Series 1 Koz Seres 2
Log ¥ alue: ]CD2[|.LmoI.-’moI] ﬂ Habiz Maw (B0 LogValue: |CD2 [wrnalfrnal] Li
. Ml
Units: Bliniates [ Auto Scale
(+ Seconds

Ytz Ma: | 1000
Ytygiz Min: |0

Save Chart... ‘ Frirt Chart... | ’ Start | by ‘

Series 1

The Series 1 options are used to plot a chart with the Y axis on the left side of the
chart. Choose the value to be logged, and set the maximum and minimum values
for the Y axis, or enable the ‘Auto Scale’ check box to allow the Y axis to scale
automatically to keep the data from running off of the chart.

Series 2

The Series 2 options are used to plot a chart with the Y axis on the right side of the
chart. Choose the value to be logged, and set the maximum and minimum values
for the Y axis, or enable the ‘Auto Scale’ check box to allow the Y axis to scale
automatically to keep the data from running off of the chart.
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X-Axis Max
Sets the maximum value for the X axis (Time). The units for the X axis can be
seconds or minutes.

Press Start at any time to view the chart layout and begin displaying data. Note
that you must press Stop to make changes to the chart parameters, and then press
Start again to resume data display. Click on Save Chart to save the plot as
currently displayed in the window to a .bmp file. Click Print Chart to print the
currently displayed plot to your printer.

PC Data Logging

Opens the Local Data Logging dialog, where you can configure the output options
for collecting selected real-time data records on your computer. By default, log
files are denoted with a .txt file extension.

u= Local Data Logging

Dataalues Field D elimiter

iTime s Tah
CO2 [prmalfmal)
CO2 Dy [prnaldmal)
02 abzorption
H20 [mmal/mal]
H20 abzarption

g;erfgﬁl_?él:nia[lc] Log data once evem zecond(z).
Chamber Temp [*C)
Caze Temp [*C)
10z Flus

RH [%)

3123Mu>-: Flow E—

W3

W

11T 4
12[T)

T3[C)

T4 [T
Yin [walts)
Raw CO2
Raw CO2 Ref el et

FawHZ0
Raw H20 Ref Select Al Q

Select Mone |

" Semicalon

Log Frequency

Contrals

A A A A A A A T A A A A A AR YA Y

i

ak. | Cancel
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Choose the frequency at which to log data (seconds), and the delimiter for the data
fields (tab or semicolon character). Use the Controls buttons to manually start or
stop data logging, independent of any measurement protocol that is currently
defined. You are prompted for a file name and destination for the log file. After
the Start button is pressed and data logging begins, you can enter comments in the
Mark Data field and click the Mark Data button to insert the comment into the data
file. For example, if you observed an anomaly while logging data and want to
make note of the time of its occurrence, you could enter a comment and insert it
into the log file for later reference.

The data values that can be output are as follows:

Label Description

Time Instrument time.

CO2 (umol/mol) Chamber CO; concentration in ymol/mol.

CO2 Dry (umol/mol) Chamber CO; concentration, corrected for water
vapor dilution.

CO2 absorption Absorption of photons in the optical bench due to
the presence of CO,.

H20O (mmol/mol) Chamber water vapor concentration, in
mmol/mol.

H2O absorption Absorption of photons in the optical bench due to
the presence of water vapor.

Pressure (kPa) Atmospheric pressure in the optical bench.

Bench Temp (°C) Temperature of the optical bench.

Chamber Temp (°C) Air temperature inside the soil chamber.

Case Temp (°C) Air temperature inside the Analyzer Control Unit
case.

10s Flux Ten second running estimate of soil CO, flux rate.

RH (%) Relative humidity inside the soil chamber.

V1/Mux Flow Output at voltage channel 1 (multiplexer flow
when attached).

V2 Output at voltage channel 2.

V3 Output at voltage channel 3.

V4 Output at voltage channel 4.

T1 (°C) Output at thermocouple channel 1, in degrees C.

T2 (°C) Output at thermocouple channel 2, in degrees C.

T3 (°C) Output at thermocouple channel 3, in degrees C.

T4 (°C) Output at thermocouple channel 4, in degrees C.

Vin (volts) Input (battery) voltage.

Raw CO2 CO, raw signal.

Raw CO2 Ref A measure of the optical amplitude of the CO,

channel, primarily for diagnostic purposes.
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Raw H20 H,O raw signal.
Raw H20O Ref A measure of the optical amplitude of the H,O
channel, primarily for diagnostic purposes.

XML Monitor

The configuration grammar used to communicate with the LI-8100A is based upon
a subset of XML (eXtensible Markup Language). XML relies on the use of tags to
“Markup” or give structural rules to a set of data. The XML Monitor window is
primarily a diagnostic tool that displays real-time XML communication; a
command line field is present that allows the user to send an XML command to the
LI-8100A for implementation. This can be useful for diagnosing problems, as a
LI-COR technician can gauge the instrument’s response to given commands, and
determine if the instrument is functioning properly.

= XML Monitor

<SF><DATA><TIME>20100421162009</TIME> < CO 21501 75</C0 2> < CPRIME »1538.87< /CPRIME > < CO24B5»0.15436
</CO24B5><H20»>24.117</H20><H204B5>0.07398< /H20AE5 > <BENCHPRES SURE >99.93< /BENCHPRESSURE > <B
ENMCHTERMP:51.65¢ /EENCHTEMF> < CHAMBERTEMP: 27.63</CHAMBERTEMP <BOARDTEMP> 35.04< /BOARDTEMP
>WIN12 B1 < MM < RAWCD2: 2560385 /RAWCD 2 « RaMW/COZREF> 3634158< /RAWCO2REF: < RAwH20» 2001 157</
R&\wH20 > <RaWwWH20REF> 18681 25< /RaWHZOREF:» <FLUX> 1. 4</FLU> <RH> 79 75< /RH> <% 1> 0 Ad1 5 V2> 0 024< A2
PO 0024 AT A0 028 A < T2 00/ T 2 e T2 00T 200 T3 044 T 20 T 00 /T 42 /DAT A< SR> <CRC: 7E0570967 <
/CRC>

Comrmatd:

Clogze
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Instrument Settings

You can enter a name for the instrument, decide how to proceed after a chamber
error or instrument restart occurs, choose default values for IRGA and Multiplexer
volumes, and choose the time interval (in seconds) over which to average the IRGA
readings in this window.

= Instrument Settings

Ingtrurnent

Instrument Mame: ]-'“-"-EUW'I IRGA Wolume [ {19

“Meazurement Settings

v Continue measurement after a chamber error occurs IRGA

[v Rezume meazurement on instrument restart,

iolumes

bux Volume [cnel |55

(] | Apply | Cancel

The instrument name is a user-entered name; enter a maximum of 30 characters.
The instrument name is used to identify data from multiple instruments; when
logging data to a compact flash card, a directory is created with the instrument
name under which to store the data.

The Measurement Settings determine whether or not the measurement will
continue after a chamber error (e.g. the chamber fails to close because of an
obstruction) occurs, and whether to resume a measurement after an instrument
restart, as can occur from a power failure or a low battery condition.

The Volume is used as default value for the IRGA in the LI-8100A. In most cases
this value should not be changed. The default value is 19 cm’ for the IRGA
volume.

The IRGA Averaging setting controls the amount of averaging that is done to CO,
and H,O signals from the IRGA. The IRGA is sampled at 2Hz. With 4 second
IRGA Averaging (the default recommended setting) 8 data points will go into any
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value of CO, or H,O. As data stream in, earlier data are dropped from the
average. The minimum is 1 second and the maximum is 20 seconds.

Click on Apply to send these values to the LI-8100A for implementation.

Networking

The LI-8100A can be connected to a PC or PDA via a wireless or wired network if
desired. The Remote Network Setup window allows you to configure networking
options for the LI-8 100A.

& Remote Network Setup §|

Address

P Address:

MNetmask: |255.255.0.0
[3 ateway:

MaC Addrezs; 00:C018:08:45:93

Wirelesz Options

Connection Type: |F"eer-tu:u-F'eer [ad-hoc] j

Metwark Mame (SSID]. |5 ail Network 1

Channel:

[ Enable Data Encyption (wWEP]

—
—

Set Cancel

Connecting to the LI-8100A on a Wireless Network

The LI-8100A is preconfigured for a peer-to-peer (ad-hoc) wireless 802.11b
network. An ad-hoc, or peer-to-peer network typically consists of a small number
of devices, each equipped with a wireless network interface card. Each device can
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communicate directly with all of the other network devices on the peer-to-peer
network. These devices can share information, but are not able to access resources
outside of the peer-to-peer network. A peer-to-peer network allows the LI-8100A to
connect to other devices (e.g. the computer or iOS device) directly, without a
separate server, or access point (below).

Computer

iPod Touch

B LI-8100A

Figure 8-1. On an Ad-hoc network, each device can communicate with other wireless
enabled devices.

The LI-8100A can also be connected to a specific hardware access point (below).
For example, this could be a wireless router/switch, or it can be a Software Access
Point that runs on a computer equipped with a wireless network interface card.
Note that even with an access point present, only one client (PC or PDA) can talk
to an LI-8100A at a time.
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Computer

File Server

iPod Touch

LI-8100A #2

Figure 8-2. A hardware access point can be used to bridge wireless and wired network
devices.

Connecting to the LI-8100 on a wired network

The LI-8100A also has the ability to support a wired network interface card.
However, the instrument cannot support both a wired and wireless Ethernet card
simultaneously. The wired network can also be setup as a peer-to-peer network,
but in this case, the network devices connect to each other with a hub or a switch.

Network Setup

In order to communicate with other devices on any type of network, the LI-8100A
must be given a unique IP address, netmask, and gateway. Additionally, if
communicating on a wireless network, the connection type, network name,
channel and data encryption options can be set.
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The IP address is a number that uniquely identifies each node on the network. The
address is composed of a set of four numbers called "octets", where each octet
ranges in value from 0 to 255. When entering an IP address, the octets are
separated with a period. For example, 192.168.100.2 is a valid IP address.

Some IP address ranges have been set aside for private use, and are typically used
by organizations for internal networks. For a peer-to-peer network, LI-COR
recommends choosing an IP address from the private range 192.168.100.0 to
192.168.100.255. In this range, the first 3 octets, which represent the network
address, are fixed at 192.168.100. The last octet, which represents the host
address, must be different for each node on the network. For simplicity, you can
number your first device 192.168.100.1, your second device 192.168.100.2, and
so on.

For example, suppose you have two LI-8100As, a computer, and a handheld
device (Figure 8-2). You could assign the following IP addresses to each device
(ad-hoc):

LI-8TO0A #1: 192.168.100.1
LI-8TO0A #2: 192.168.100.2
Computer: 192.168.100.3
PDA: 192.168.100.4

The netmask is a set of 4 octets used to separate an IP address into two parts; the
network address and the host address. If you are using LI-COR's recommended IP
address range, the netmask should be set to 255.255.255.0.

The Gateway is a node that routes traffic to another network (for ad-hoc
configurations, leave this blank).

The LI-8100A only uses static IP addresses. Therefore, when connecting to an
existing network make sure you choose an IP address that is unique and in the
range of addresses supported by that network or contact the network administrator
to get a static IP address assigned.

Wireless Options
The Wireless Options are inherent to 802.11 networks. The network is given a
name, a frequency, and optional encryption keys.

The network name, or SSID (Service Set Identifier), is a name given to a wireless
local-area network (WLAN). Each device that needs to communicate must have
the same SSID. The LI-8100A supports a network name of up to 30 characters.
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A range of radio frequencies between 2.4 and 2.5 GHz have been designated for
public use in most countries. The channel refers to a specific portion of the total
frequency range that is given to a device for communication. The LI-8100A
supports channels 1 to 11. Choose an appropriate channel for the country where
the instrument will be located.

Country Available Channels
Europe 1-13

France 10-13

Spain 10-11

North America | 1-11

Japan 1-14

WEP (Wired Equivalent Policy) is an encryption standard built into 802.11b, and is
supported by the LI-8100A. If data encryption is enabled, the same 40-bit (5
character) key must be entered on all devices of the WLAN. The key is used for
data encryption and decryption.

Date and Time
Sets the clock in the LI-8100A.

= Remote Date and Time

Date: |EI/04/27 — Time: |16:32:33 =

A ADD HH:MM:55

] Cancel |

Click on year, month, or day field to highlight the text, and use the up or down
arrow buttons to increase or decrease the numbers. Alternately, highlight the
desired field and type in the new number.

Click on the hour, minutes, or seconds field and use the up or down arrow buttons
to adjust the time. The clock is a 24-hour clock; i.e., 13:00:00 is 1:00 p.m.

Click OK to dismiss the dialog and accept the change(s).
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Outputs

Opens the Outputs dialog, where you can configure the raw data values that are
sent by the instrument via the RS-232 port, or via Ethernet. This is primarily used
when capturing raw data values with an external data logging device. Note that
these values are simply sent as a data stream; data are not parsed, nor is header
information included, as when using the PC Data Logging options. Note, too, that
GPS data (Latitude, Longitude, GPS Status, Speed, and Course) are available only

via Ethernet output.

3

= Outputs
95232| Ethermet |
Ethermet Output
v| Time v| RH [%] v| Longitude:
v COZ [prmalfmol] v T Ao Flonw v| GPS Statuz
w| CO2 Dy [prmalfmol) v W2 v| Speed
v| COZ2 abzorption v W3 v| Courze
v HZ20 [rarnol/mol] v g
v| HZ20 absorption v T1[C)
| Prezzure [kPa) v T2 [C]
v| Bench Temp [°C) v T3[C)
| Chamber Temp [*C] v T4 ["C]
v| Caze Temp [*C) v Win [valtg)
w| 10z Flux v/ Latitude
Select Al
Output data every zecond(z)
[ Remove XML from data,
Add CRC to data
[ Set ] [ Cancel

Choose the raw data values to be sent to the RS-232 port and output frequency
(seconds). Note that when the LI-8100A outputs data, each field is "marked up"
using eXtensible Markup Language (XML) to delimit that field. For example, when
a CO, value is output, the data value is placed between two "tags" that describe

what that value is, as in:

<C02>350.21</CO2>
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Enable the 'Remove XML from data' check box to remove the markup from the
data stream. The resulting data set is a data stream where each data field is
separated by a space.

CRC (Cyclic Redundancy Check) is an algorithm that is used to verify the integrity
of the data. Before each data packet is sent by the LI-8100A, a CRC is calculated
(pre-transmission) for that packet, and then appended to the packet. When the
client (e.g. the computer) receives the packet, it strips off the appended CRC and
calculates its own CRC (post transmission). If the two CRC values match, it is
assumed that the packet was transmitted correctly. When CRC values are
appended to the data packet, the value is automatically marked up. A typical CRC
will appear as

<CRC>3067450353</CRC>
Disable the 'Add CRC to data' check box to remove CRC from the data.

Click on the RS-232 or Wireless tabs to configure data values to be output over that
channel. You can configure either channel while connected to that channel;
however, changes will not take effect until you disconnect.

Help
Opens the on-line help index, where you can choose help topics related to the
Windows application software.

About

Displays the current LI-8100A Windows software version number and contact
information for LI-COR.
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& About LI-8100

& Lior™

renmental

accompatying COROM

LI-8100 Automated Soil CO2 Flux System

Software YWersion 4.0.0k
Copyright® 2011, L-COR, Inc.

Contact LI-COR Biosciences:

Phone:  500.447.3576
402.467. 3576

Email:  envsales@licor.com

Wweb:  hitpoihesni licor.com

Thig program and the instrument it connects to make uze of software that iz icensed under
the GPL and LGPL Open Source licenzes. Source code can be found oh the
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About Wireless Communication

The LI-8100A is a Wi-Fi-enabled device that allows for wireless communication
between other Wi-Fi-enabled devices, such as many handhelds. Wi-Fi (short for
"wireless fidelity") is the term for a high-frequency wireless local area network
(WLAN), such as an 802.11b network. The 802.11b (Wi-Fi) technology operates in
the 2.4 GHz range, offering data speeds up to 11 megabits per second. The
LI-8T00A requires the 802.11b standard for wireless communication.

This section details how to use your handheld device to communicate with the
LI-8T00A, using wireless (Wi-Fi) communication.

Wireless Network Cards for the LI-8100A

The LI-8100A uses a fixed wireless networking Type Il PC card. The currently
supported card (Model #AIR-PCM352, Cisco Systems) is an 11 Mbits/s wireless
networking card (802.11b) that features an extended form factor, low power
consumption, and built-in antenna.

The wireless PC card fits into either of the two PC card slots in the LI-8100A
Analyzer Pack (see Section 2, Initial Setup).

Handheld Requirements for Wireless Communication

At the time of this printing, LI-COR is offering the Apple iPod Touch as part of a
wireless package for use with the LI-8100A. The iPod Touch contains a built-in
802.11b radio that enables connection to a Wi-Fi network or to a Wi-Fi-enabled
device such as the LI-8100A. Note, however, that PDA models change frequently;
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go to LI-COR's LI-8100A support page on the web at www.licor.com to see the
most current handheld recommendations.

For the purposes of this manual, descriptions and discussion for using the LI-8100A
with a handheld device will reference the Apple iOS software.

Handheld Software Requirements

The LI-8100APP is compatible with iPod Touch, iPhone, and iPad with iOS4.0 or
later, and with LI-8100A Windows® and instrument (embedded) software V4.0.0

or later. You will need to download the free LI-8100APP from Apple’s iTunes® store
or App Store®™, sync the device to add the app, connect to the LI-8100A with your
computer to record the [P address of the wireless card, and finally use that IP
address to connect via Wi-Fi with the iOS device. Complete setup instructions are
included with the wireless package, and are available on LI-COR’s web site at:

http://www.licor.com/8100app-support

Accessing On-line Help

There are two ways to obtain on-line help in the LI-8100APP. Tap the Help menu
and choose Indicators to see a list of the indicators that may appear on the screen
when using the application. For example, if the @ indicator is visible on-screen, it
indicates that an active measurement is in progress. You can also tap on the
indicator itself to bring up a description.
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ep  LI-8100 Indicators

@ - Active Measurement in progress

A - Append the next measurement to
the current file

C - Chamber provides a "closed"
signal

D - Create a new measurement file
every 24 hours

E - Instrument Error. Press "E" to
view the error log

f - Pump runs continuously between
repeated measurements

RH - Relative Humidity Stop enabled.
Observation will end if the RH

Descriptions of most terms used in the LI-8100APP can be viewed by tapping on
the text of the term for which you want to view help.

The Setup Menu

Measurement Presets

Opens the Measurement Presets page, where you can define up to 19 different
configurations containing measurement setup parameters. These parameters can
be saved and recalled for later use, without the need to redefine experimental
parameters before each experiment. For example, individual parameters for
different types of soil chambers can be defined (e.g. 10 cm and 20 cm survey
chambers), and saved as unique measurement presets; switching between
chambers can then be easily done by simply loading the appropriate preset and
starting the measurement.

Each preset contains the experimental parameters defined on the Measurement
Protocol page, as well as the Area, Volumes and Flow Rate, Start Measurement,
and Instrument Settings pages.
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sewp Measurement Preset

iasi_imeasurement

Load | | Save Current | Delete

By default, the presets are unnamed until they are saved with a new name. When
the experimental parameters have been defined, tap Save Current to name the
preset. Select a different preset by scrolling to the desired preset name, and tap
Load to activate that preset’s predefined parameters. Tap Delete to remove the
active preset.

Measurement Protocol
Opens the Measurement Protocol page, where you can set the parameters for
making a soil CO; flux measurement.
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sewp Measurement Protocol

Measurement Type: CHAMBER

Obs. Length: 00:01:30

Dead Band: 30 seconds

Obs. Count:

Pre-Purge: 00:00:30

Post-Purge: 0 seconds

Additional Log Fields: ALL

Measurement Type

The Measurement Type allows you to choose between standard Chamber
measurements, or Continuous measurements when used with the optional 8100-
405 CO, Mapping Kit. In Continuous mode, a single measurement of up to 24
hours can be made.

Observation Length

The Observation Length is the time period from the instant the chamber is closed
until just before it begins to open again, and includes the specified Dead Band
period. At low to moderate CO, fluxes an Observation Length of 90 to 120
seconds is usually adequate.
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proocol Set Observation Length

Hours Minutes Seconds

M-' | End Observation at:

0% o— = 100%

50 % RH

Send Update

Note that the LI-8100A starts logging data when the chamber is actuated and starts
to close. Raw, or Type 1 records are recorded throughout the entire observation
period. The Elapsed Time (labeled etime on the data output) does not increment,
however, until the chamber is closed. While the chamber is closing, etime is set to
-1 for all records collected.

Enable 'End Observation at' and enter a relative humidity value, if desired. The
observation will abort if the measured relative humidity in the chamber exceeds
this value at any time during the measurement. If the observation is aborted, a
message is placed in the log file, and the measurement will continue at the next
observation.

Dead Band
The Dead Band is the time period that starts when the chamber closes and

continues until steady mixing is established and the measurement begins. The
Dead Band requirement changes depending upon the chamber geometry, system
flow rate, and collar and site characteristics. Testing at LI-COR has indicated that a
Dead Band between 10 and 60 seconds generally provides for adequate mixing.
There may be conditions, however, where a longer Dead Band is required. Note,
too, that collected data can be recomputed using longer (or shorter) Dead Bands
with the LI-8100A File Viewer program (if Raw records are collected).
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Tap Maximum Time to set the Dead Band
L to the maximum time of 999 seconds, or

protocol  Set Dead Band Minimum Time to set the Dead Band to
the minimum time of 0 seconds.

Wait for: ' . Seconds

Maximum Time | Minimum Time |

Send Update

Observation Count

You can make repeated observations under the same set of parameters by setting
the Observation Count to reflect the number of times to repeat the observation.
Individual observations are separated by the Pre-purge (see below).
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Tap Max Count to set the number of
Observations to the maximum of 32767
Set Number of Obs observations, or Min Count to set the
number of Observations to the minimum
of 1 observation.

Protocol

End Observation After:

5

Observations

Max Count | Min Count

Send Update

Note that in most cases, it may be more desirable from a scientific and/or statistical
standpoint to replicate measurements on multiple soil collars rather than repeating
them on the same collar.

Pre-purge

When making repeated observations, a delay is required to allow the chamber air
to return to ambient conditions before beginning the next observation cycle. This
delay is referred to as the Pre-purge.
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Select the hours, minutes, and seconds for
Pre-Purge Time (30 seconds in the

Protocol Set Pre-Pu rge Time example at left) and tap Send Update.

Hours Minutes Seconds

Send Update

When an observation is complete, the chamber will automatically rise up off of the
soil collar. If the Observation Count (above) is set to 2 or more, the Pre-purge sets
the time during which the chamber is open. Under very still conditions it may take
2 minutes or more for the chamber air to return to ambient conditions. Under
windy conditions the chamber air may return to ambient in as little as 20 or 30
seconds. Note, too, that the Pre-purge begins as soon as the chamber starts to
open - it may take as long as 90 seconds for the Long-Term chamber to completely
move away from the soil collar. Therefore, it is possible to set a delay time that is
too short for the chamber to fully open before it begins closing again.

Post-purge

The Post-purge is the amount of time during which air continues to flow through
the chamber as it begins to open, after the measurement is complete. This is
important in certain cases where environmental factors may influence the amount
of CO, or moisture, for example, that is present in the gas sampling lines. For
example, in hot, moist conditions, you may want to increase the Post-purge to
ensure that the gas sampling lines are purged of moisture that may condense in the
lines, before the next measurement using that chamber is started. In most cases, a
Post-purge of about 45 seconds is adequate.



CO, Concentration (umol/mol)
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IMPORTANT NOTE: The Post-purge function was added to the Windows
Application Software V2.0 and above to accommodate the use of multiple
chambers with the LI-8150 Multiplexer, where it is important to purge the gas
sampling lines before making the next measurement with that chamber. Because
the Post-purge starts after the measurement is complete, it has slightly different
implications for use in single-chamber mode. As shown in the chart below, after
the first measurement is complete, the Post-purge starts, followed by the Pre-purge;
thus, the Post-purge and Pre-purge become additive. In most single-chamber
applications, the combination of the two delays is excessive. Note, too, that before
the first measurement starts, the chamber will not close until the Pre-purge has
finished; again, in most cases this delay is unwanted, particularly when moving the
chamber from collar to collar. For these reasons, you may want to use the Post-
purge value instead of the Pre-purge; in other words, set the Pre-purge to zero, and
set the Post-purge to 20-30 seconds, or more, depending on the conditions
described above at “Pre-purge”.

Chamber
Opens

Chamber
Closes

Chamber
Closes

i<— Observation Length -

|

Summary
Records
: : Logged :
i Dead ! Data Post- | ! Dead i Data
: i Band ; Logged purge : : Logged
~<— Pre-purge —>! B f B Pre-purge
(optional) : Range for (optional)
I ~<——Summary —>-{
H : : Records : ' :
j———— Observation #1 ———| j———— Observation #2 ———]

I

Measurement

(includes n observations)

Additional Log Fields

Tap on Additional Log Fields to choose the values to be logged to memory. Data
collected by the LI-8100A can be stored to the instrument's internal memory, or to
an optional Compact Flash card.

Data stored to the internal memory can be transferred to a Compact Flash card or
to the PC at any time.

Enable the Perform Flux Computations check box to automatically compute the
flux rate after each measurement.
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Tap Log to enable the selected data
—_— value; a <Log> notation is placed in

Protocol - Select Fields to Log: front of the data value. Tap Don’t Log
| — | to disable the selected data value.

Tap Log All to enable all data values,
or Log None to disable all data values.

<Log> Case iempeialuie

'<Log> H20 ABS Tap Send Update to send the selected
data fields to the LI-8100A for
implementation.

Don't Log

Send Update

The additional data values that can be logged are as follows:

Label Description

Case Temperature (°C)  Air temperature inside the Analyzer Control Unit case.

H20 ABS Absorption of photons in the optical bench due to the
presence of water vapor.

CO2 ABS Absorption of photons in the optical bench due to the
presence of CO,.

Volts In Input (battery) voltage.

RH% Relative humidity inside the soil chamber.

Raw CO, raw signal.

Hour Time of day.

DOY Day of the year.

V1 Aux Input at voltage channel 1 (soil moisture).

V2 Aux Input at voltage channel 2 (soil moisture).

V3 Aux Input at voltage channel 3 (soil moisture).

V4 Aux Input at voltage channel 4 (soil moisture).

T1 Aux Input at thermocouple channel 1, in degrees C.

T2 Aux Input at thermocouple channel 2, in degrees C.

T3 Aux Input at thermocouple channel 3, in degrees C.

T4 Aux Input at thermocouple channel 4, in degrees C.

Flux Computation Automatically computes flux rate after each measurement.
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GPS Latitude Decimal degrees, hemisphere (+) north or (-) south
GPS Longitude Decimal degrees, hemisphere (+) east or (-) west
GPS Status A = Valid position, V = NAV receiver warning
Speed Speed over ground, 0000.0 to 1851.8 km/h

GPS Course True course over ground, 000.0 to 359.9 degrees

Area and Volumes

Opens the Area and Volumes page, where you can set the chamber offset and flow
rate, and choose the default soil area and chamber volume values, which
determine the total system volume of air.

The Total Volume value is computed
and displayed after the Chamber Offset,
Soil Area, and Chamber Volume values
are entered. IRGA Volume is set at
“Instrument Settings” and is displayed
here.

sewp  Area and Volumes

Chamber Offset: 0cm
Soil Area: 317.8 cm?
C '/ Chamber Volume: 4073.5 cm?®
IRGA Volume: 19.0 cm?

Total Volume: 4092.5 cm?

Chamber Offset

The Chamber Offset is the distance (in cm) between the soil surface and the top of
the soil collar, and is dependent upon the depth that the collar is inserted into the
ground (discussed in Section 2, Initial Setup). The soil CO; flux measurement
requires an accurate estimate of the Total System Volume. The LI-8100A software
uses the Chamber Offset and the Soil Area values to calculate the volume of air
inside of the soil collar. This value is, in turn, added to the Chamber Volume to
obtain the Total Volume. Measuring the Chamber Offset is described in Section
2, Using Soil Collars.
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If you measured the Chamber Offset in
inches, remember to multiply by 2.54 to
convert the value to cm.

aeatvas Enter Chamber Offset

Send Update

Soil Area

The Soil Area is the surface area of soil encompassed by the soil collar. Select 10
cm if you are using the Survey Chamber with a 10 cm soil collar from LI-COR, or
20 cm if you are using the 20 cm Survey Chamber or Long-Term Chamber with a
20 cm soil collar from LI-COR; the soil area is calculated automatically and is
shown in the window.
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areazvols Enter Soil Area

Select Default LI-COR Collar:

or enter a specific value directly:

837 cm?

Send Update

Alternatively, if you are using a collar of your own making, you can enter the soil
area (in cm?) manually.

Chamber Volume

The Chamber Volume is the volume of air within the soil chamber. Tap on the
Chamber Volume value and choose the chamber connected to the instrument.
Choose 10 cm Survey if you are using the 8100-102 10 cm Survey Chamber, 20
cm Survey if you are using the 8100-103 20 cm Survey Chamber, Long-term 101
for the 8100-101 Long-Term Chamber, or Long-term 104 or 104C for the 8100-
104/C Long-Term chamber; the chamber volume (cm?3) is calculated automatically
and is shown in the window. If you choose Custom Chamber, you will be required
to manually enter the chamber volume.

Chamber temperature is measured at the chamber during normal operation. For
other applications, however, such as when using the LI-8150 to make flask
measurements, you may want to use an external thermistor to measure temperature
inside the flask. In this case, the thermistor would be connected to the Auxiliary
Sensor Interface, and measured on one of Auxiliary (Voltage) channels 1-4. Under
‘Chamber Temperature Mapped to:” choose Chamber during normal operation with
LI-COR soil chambers, or choose the Auxiliary channel to which an external
thermistor is connected.



Apple i0S Software Reference (Single Chamber Mode) m

Note that all LI-COR soil chambers provide an electronic signal when the chamber
is closed; if you have constructed a custom chamber for use with the LI-8100A that
does not provide an electronic “closed” signal, make sure that ‘Chamber signals
“Closed” is not selected. This is important, for example, when calibrating the
instrument.

area & vois Enter Chamber Vol.

20 cm Survey Chamber - 103

L-ierim Chaimber - 101

L-term Chamber - 104

Chamber Temp: Chamber

M' ) Chamber signals "Closed"

Send Update

Start Measurement

Opens the Start Measurement page, where you can enter the File Name, optional
Comments, and Treatment Label, as well as the Chamber Offset value, the
location at which the data are stored, Start Time, and number of times to repeat the
measurement.
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sewp Start Measurement

File Name:
Comments:
Chamber Offset:
Treatment Label:
Log To:

Start At

Repeat Meas.:

Measurement:

test2

Test plot #2

3

T2

Internal Flash
2011-09-07 13:50

00:30 x 5

Start

The File Name and Treatment Labels
can be up to 30 characters in length.
The Comments can be up to 100
characters in length. In the File
Name page, enable the 'Append
Data To File' check box to add new
data at the end of an existing file.

Comments are included in the data
file header; the Treatment Label
appears as a separate column in the
data.

Enter a File Name, Treatment Label and optional Comments. Enter the Chamber
Offset (cm). The Chamber Offset is the distance that the soil collar protrudes above
the soil. Enter the Start Time; you can choose to start the measurement
immediately (Now), or at a defined date and time (At Time).
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Tap Standard to log data to a single
file that is not split and/or
appended.

strtMeas. Enter File Name

' Tap Split to create a new file every
Fila pams: Day or Week; note that you must
first enable the Repeat Measurement
field (below) to use this function.

File Type:
s Tap Append to add new data at the

Standard |  Split end of an existing file.

Append data to existing file

Send Update

The Set Measurement Repeat page allows you to repeat the defined protocol at a
regular clock interval. These functions are particularly useful when making long
term, unattended measurements.
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st Meas. Set Meas. Repeat:

@ ) indefinitely (Max Times)

Every:

For 12000 Times
a- | Flow Off Between Repeats

Send Update

For example, you could specify a 90 second Obs. Length, 45 second Deadband,
Obs. Delay of 2 minutes, and Obs. Count of 3. This protocol could then be
repeated every hour for 240 hours (10 days). The resulting data set would include
240 measurements, with each measurement consisting of three 90-second
observations on the chosen port. The maximum number of repeats is 12000
(Indefinitely).

You can elect to turn off the flow pump between repeated measurements to
conserve battery life and extend the life of the pump by setting the ‘Flow Off
Between Repeats’ to ON.

Tap Send Update to begin the measurement.
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The View Menu

Instrument Status
Opens the Instrument Status page, where you can view the current operating state
of the LI-8100A.

The Instrument Status page displays the user-
entered instrument name and serial number,
the instrument software version, input
Name: Test (battery) voltage, IRGA bench temperature,

Serial #81A-001 available memory in the instrument, whether
s S or not a compact flash card is present, the
number of accumulated hours of instrument
operation, the current date and time, and
whether or not the optional 8100-405 GPS
unit is attached.

view Instrument Status

IRGA S/W:2.0.2

Input Voltage: 10

Bench Temp:7
Avail. Memory:50 (50)
Compact Flash:1000 (1000)
On Time Hours: 2400

Date and Time:2011-09-27 15:05:00
GPS Unit:Not Attached

Monitor Page
Opens a page where you can view real-time values of selected instrument outputs.

view Monitor

H,0 ABS

Press

°C (Bench)

i Q

°C (Ch)

°C (Case)

SIS
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Summary Page

Opens a page where you can view the summary records for the most recent

measurement. No

te that during normal operation the Summary Page will switch to

the Monitor page when a new measurement is started; turn on ‘Hold on This Page’
to retain the Summary Page on the display when a new measurement starts.

View Su

mmary

Hold on This Page: [ | OFF

Record: 0 + || - |

Clear Cache |

Instrument is IDLE

Meas. Name

Port Number

Obs. Number:
Label:

Time:

Curve Fit Status:
Flux:

Flux CV

: Test

9

4

T2

2012-03-03 12:12:12
Lin

0.39

: 0.001

A timer that displays the time remaining until the next defined measurement is also

shown on the Sum

mary Page. The Summary Values that can be monitored on this

page are as follows:

Label

Meas. Name
Port Number
Obs. #

Label

Time

Curve Fit Status

Flux
Flux CV

Description
Measurement name.

Current port being measured (with LI-8150 Multiplexer)
Current observation number.

Treatment label for current observation.

Time in HH:MM:SS.

Displays number of iterations used for exponential or linear fit
flux calculation.

Ten second running estimate of soil CO, flux rate.

CV of flux (Exponential fit).
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The Utilities Menu

The Utilities menu has file and/or storage options for existing data files, options for
manually controlling air flow through the system and opening and closing the soil
chambers, as well as calibration functions.

L8100 Utilities

File Copy/Remove (Internal)
File Remove/Format (CF)
File Digest View (Internal)
File Digest View (CF)
Storage Operations

Manual Controls

Calibration

Tap File Copy/Remove (Internal) to copy and/or delete selected files from the
LI-8T00A internal memory. Tap File Remove/Format (CF) to format or delete
selected files from the compact flash card.

Tap File Digest View (Internal) to display a list of files on the LI-8100A internal
memory, or File Digest View (CF) to display a list of the files on the Compact Flash
card. You can select a file from the list, and view the data from each observation
associated with that file.
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uiities  File Digest View (Int)
ﬁ

 0b-1.81X (6.4 K)

| Select File To View Content Digest

Tap Select File To View Content Digest to open the selected file. The
Observation Digest Viewer appears.
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newFie File Contents (Int)

File Name: ob-1.81x
Obs. Range: (null) - (null)
Current Obs: | 1

Retrieve Observation Content

The range of Observations is shown; enter the number of the observation that you
want to view, and tap Retrieve Observation Content to view the contents of the
selected Observation.

Tap Storage Operations to delete all files from the LI-8100A internal memory or
compact flash card, or to move all files to the compact flash card.
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uues  Storage Operations

LI-8100: 50 (50)
CD Card: 1000 (1000)

Copy All Files To CF Card

Delete All Files From Internal Flash

| Remove this ACU's Files From CF Card

Eject CF Card From System

Format CF Card

Copy All Files to CF Card: Copies all files from the LI-8100A internal memory to
the optional compact flash card.

Delete All Files From Internal Flash: Removes all files from the LI-8100A internal
memory.

Remove this ACU's Files From CF Card: When files are copied to the compact
flash card, the LI-8100A creates a directory on the card with the instrument name.
This operation removes that directory and its contents from the card.

Eject CF Card from System: Unmounts the compact flash card safely; you should
always eject the card before removing it from the PC card slot to ensure the
integrity of the data.

Format CF Card: Deletes all files from the compact flash card.

Manual Controls

Opens the Manual Controls page, where you can use manual chamber controls to
open or close the survey or long-term chambers, turn the flow to the chamber on or
off, or turn the survey chamber bellows pump off. Controlling the chamber flow
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manually is useful when performing user calibration of the infrared gas analyzer, as
described in Section 5.

uiites  Manual Controls
Name: Test
Version: 4.0.1
Status: IDLE
On Time (Hours): 2400

State

Flow: OFF Off On |

Chamber: OPEN Open Close

Switch Bellows Pump Off

The On Time (Hours) shows the total accumulated time the instrument has been
powered on since leaving the factory.

Calibration

Opens the Calibration page, where you set the zero and span of the infrared gas
analyzer in the LI-8100A Analyzer Control Unit. Step-by-step instructions for
performing user calibrations are given in Section 5.
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The calibration constants displayed
here are updated each time you
perform a zero or span. In most
cases there is no need to edit these
values manually. If you do edit the
CO2 Zero: 1.2 2011-07-11 values, the dates will not change.
CO2 Span: 1.0 SO The dates reflect the last time the

instrument was zeroed and/or
co2 Span 2 0.1 2011-07-11 Spanned.

H20 Zero: 0.8 2011-07-11
H20 Span: 1.0 2011-07-11
H20 Span 2: 0.0 2011-07-11

Utiites Calibration

Perform: | Zero || Span || Span2

Pressure Compensation:  OFF

Edit Coefficients

The calibration constants for CO, and H,O zero and span calibrations are found
on the Calibration page. If new constants are entered in this page, tap Send Update
to send the values to the LI-8100A for implementation (note that the dates will not
change).

The calibration functions for both CO; and H,O correct for pressure fluctuations
that may be present. To disable this correction, tap the 'Pressure Compensation'
field to toggle to Pressure Compensation: Off.

The LI-8100A uses a rectangular hyperbola for the CO; calibration, and a third
order polynomial for H,O calibration. Tap the 'Edit Coefficients' button to view
the Coefficients page. This page displays these factory-determined calibration
coefficients, as well as those for the pressure transducer, band broadening (BB) and
cross sensitivity (CS). These coefficients are fixed at the factory, and are present on
the calibration sheet included with the instrument. The coefficients can be edited
manually, if desired, though this is not generally recommended. Tap Restore
Defaults to revert to the factory default values.
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caibraton  Polynomials

0.1
1.8

0.5

18

Pressure Corrections
AQ: 10.0 BB: 15

Al: 11.0 CS: 0.0

Restore Defaults

The 8100 Menu

Instrument Settings

Opens the Instrument Settings page, where you can view and/or edit the current
operating state of the LI-8100A.
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s0  Instrument Settings

Name: CHAMBER
Date: 2011-09-11
Time: 10:10:10
Network Params: 172.24.41.116
Automatic Restart: ENABLED
Chamber Error: Continue On
IRGA Averaging: 4

IRGA Volume: 19.0

Name: The instrument name to which the iOS device is connected. The
instrument name is limited to 30 characters. Files copied to a Compact Flash card
are put into a directory with this name.

Date: Current date, in YYYYMMDD.
Time: Current time, in HHMMSS.

Network Parameters: The IP address of the wireless or Ethernet card in the
LI-8T0O0A.

Automatic Restart: When enabled, allows the measurement to restart following a
power interruption to the instrument. This is not the default option, as it requires
that a hardware jumper be installed; contact LI-COR for more information.

Chamber Error: Determines how an error condition affects the measurement; you
can choose to log the chamber error and continue the measurement, or log the
error and stop the measurement. Tap Send to enable this function.

IRGA Averaging: The amount of averaging of the CO; and H,O signals from the

[RGA. The IRGA in the LI-8100A is sampled at 2 Hz. With 4 second signal
averaging (the default), 8 data points are averaged for each CO; or H,O value. As

more data are received, previous data are dropped from the average. The
minimum value is 1 second, and the maximum value is 20 seconds.
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IRGA Volume: Volume of air (cm?3) in the optical bench and associated tubing
inside the Analyzer Control Unit case. In most cases this number should not be
changed.

Auxiliary Inputs

The Auxiliary Inputs page is the area in which you can input the coefficients for
linear external devices connected to the Auxiliary Sensor Interface. There are four
dedicated thermocouple channels (Type E, J, T, or Raw), and four general voltage
input channels (0-5VDC); any of the four voltage channels can be used for general
purpose voltage inputs, thermocouples, or the Decagon ECH,O or Delta-T Theta
soil moisture probes. When configured for a soil moisture probe, the probe is
powered for 10 seconds to allow it to stabilize, and is then sampled.

Tap on the Thermocouple type to
choose the type of thermocouple
connected to the Auxiliary Sensor
Interface.

Auxiliary Inputs

Thermocouple 1: E

Auxinputs  Channel 1

Select Thermocouple Type:

Thermocouple 2: J

Thermocouple 3: T

Thermocouple 4: Raw

Volt 1: 1/2

Volt2: 2/3/4

Volt 3: 3/4

Volt4: 4/5

Send Update

Tap on the Volt 1-4 fields to choose the type of device connected to the associated
voltage channels. The coefficients will change to reflect the type of device
connected. For General Purpose (GP) and Soil Moisture (SM) probes, the slope and
offset values (obtained from the manufacturer) are entered. Thermocouples
(Therm) require you to enter three calibration coefficients (obtained from the
manufacturer).
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auxipts  Channel 1 Auxmnputs  Channel 1

Select Voltage Input Type:

Select Voltage Input Type:

Slope: |1

Offset: ' 2

| Set Default Parameters | | Set Default Parameters |

Thermistor: Soil Moisture:

T = 14a + b(LnR) + c(LnR)?) - 273.15

y = Slope « X + Offset

Send Update Send Update

Outputs

Opens the Outputs page, where you can configure the raw data values that are sent
by the instrument via the RS-232 port, or via the wireless card or Ethernet port, if
you are using the LI-8100A in a wireless or wired Ethernet network. This is
primarily used when capturing raw data values with an external data logging
device. Note that these values are simply sent as a data stream; data are not
parsed, nor is header information included. You can also choose the output
frequency for both RS-232 and/or TCP/IP data.
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Data can be output via RS-232 or
TCP/IP at intervals between 1 and
20 seconds.

Outputs

RS-232 Qutput Fields

omputs Set Output Rate:

On RS-232 Channel:

Send RS-232 Data Every: 1 second Output Every: 1 | Second

Maximum Value Minimum Value

TCP/IP Qutput Fields:

Send TCP/IP Data Every: 1 second

Send Update

RS-232 Output Fields
Choose the data values to be sent to the RS-232 port.



ouputs  Select RS-232 Outputs:
| p—— |
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Tap Transmit to enable the selected
data value; a <TX> notation is placed
in front of the data value. Tap Don’t
Transmit to disable the selected data
value.

<iA> liine

Tap Transmit All to enable all data
values, or Transmit None to disable all

<TX> 10s Flux

Transmit

data values.

Tap Send Update to send the selected
data fields to the LI-8100A for

Don't Transmit . .
implementation.

Transmit All

| Transmit None

Send Update

The data values that can be output are as follows:

Label
Time
10s Flux
CO2

CO2 Dry

H20
Pressure
°C (Ch)
°C (Bn)
°C (Case)
H20O ABS

CO2 ABS

Volts In

Raw CO2
Raw CO2 Ref
Raw H20
Raw H20O Ref

Description
Instrument time.

Ten second running estimate of soil CO» flux rate.
Chamber CO; concentration in ymol/mol.
Chamber CO; concentration, corrected for water vapor
dilution, in ymol/mol.
Chamber water vapor concentration, in mmol/mol.
Atmospheric pressure in the optical bench (kPa).
Air temperature inside the soil chamber.
Temperature of the optical bench.
Air temperature inside the Analyzer Control Unit case.
Absorption of photons in the optical bench due to the
presence of water vapor.
Absorption of photons in the optical bench due to the
presence of CO».
Input (battery) voltage.
CO; raw signal (sample analyzer).
CO;, raw signal (reference analyzer).
H,O raw signal (sample analyzer).

(

H,O raw signal (reference analyzer).
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RH% Relative humidity inside the soil chamber.

V1 Aux Input at voltage channel 1.

V2 Aux Input at voltage channel 2.

V3 Aux Input at voltage channel 3.

V4 Aux Input at voltage channel 4.

T1 Aux Input at thermocouple channel 1, in degrees C.
T2 Aux Input at thermocouple channel 2, in degrees C.
T3 Aux Input at thermocouple channel 3, in degrees C.
T4 Aux Input at thermocouple channel 4, in degrees C.
CRC Cyclic Redundancy Check (see note below).
Strip Remove markup (see note below).

CRC (Cyclic Redundancy Check) is an algorithm that is used to verify the
integrity of the data. Before each data packet is sent by the LI-8100A, a CRC
is calculated (pre-transmission) for that packet, and then appended to the
packet. When the client (e.g. the computer) receives the packet, it strips off
the appended CRC and calculates its own CRC (post transmission). If the two
CRC values match, it is assumed that the packet was transmitted correctly.
When CRC values are appended to the data packet, the value is automatically
marked up. A typical CRC will appear as

<CRC>3067450353</CRC>

Disable 'CRC' to remove CRC from the data. Note that the LI-8100A PDA
applications do not use CRC checking.

Note that when the LI-8100A outputs data, each field is "marked up" using
eXtensible Markup Language (XML) to delimit that field. For example, when a
CO,, value is output, the data value is placed between two "tags" that describe
what that value is, as in:

<C02>350.21</CO2>

Enable 'Strip' to remove the markup from the data stream. The resulting data
set is a data stream where each data field is separated by a space.
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Send RS-232 Data Every
Sets the frequency at which to log data (seconds).

TCP/IP Output Fields

Tap on the TCP/IP field to configure the data values to be sent via the wireless card
or Ethernet port, if desired. Note that you can configure the TCP/IP (wireless)
and/or RS-232 options while the other is enabled; changes will not take effect until
data logging is stopped and restarted, however. For example, if you are currently
logging data to the PC, you can configure the wireless/Ethernet output, but you
must first stop logging data to the PC before beginning wireless output with the new
configuration.

The data values that can be output are as shown above at RS-232 Output, with the
addition of GPS values (latitude, longitude, GPS status, speed, and course).

Send TCP/IP Data Every
Sets the frequency at which to log data (seconds).

The Help Menu

Indicators
Opens the Indicators page, where you can view definitions of indicators that may
appear on the screen.

Hep  LI-8100 Indicators

@ - Active Measurement in progress

- Append the next measurement fo
the current file

- Chamber provides a "closed"
signal

- Create a new measurement file
every 24 hours

- Instrument Error. Press "E" to
view the error log

f - Pump runs continuously between
repeated measurements

RH - Relative Humidity Stop enabled.
Observation will end if the RH
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About LI-8100A

Displays a screen that shows the LI-8100APP version number and contact
information for LI-COR.

Help. About LI-8100

LI-8100A

Copyright @ LI-COR Inc. 2011, 2012
All Rights Reserved

Version 1.0.0

Contact:
URL: www.licor.com
Phone: 800-447-3576 or
402-467-3576




10 Using the LI-8150
Multiplexer

About the LI-8150

The LI-8150 Multiplexer is an accessory for the LI-8100A that makes it possible to
connect as many as 16 individual chambers at one time, which are sampled and
controlled by the LI-8100A Analyzer Control Unit.

The LI-8150 expands the capabilities of the LI-8100A and provides a simple
solution for spatial and temporal sampling. The LI-8150 allows the researcher to
control the number of chambers needed for the study and offers the flexibility of
adding more chambers as needed. The LI-8150 is constructed with the same
attention to detail as the LI-8100A, and features a number of innovative design
details:

® Choose from 8 or 16 port configurations — 8-port system can be easily
upgraded to 16-port system

Durable, weatherproof connectors and case

High flow, low power, long-life solenoid valves

Filter assemblies clean incoming air

LED indicator panel provides Multiplexer diagnostic information

System software for leak testing without the need for additional hardware

The LI-8150 can also be connected to ordinary gas sampling lines for vertical
profiling, custom chambers, or other studies. A 15 m extension cable can be
connected to each soil chamber to provide a measurement diameter of 30 meters.

Figure 10-1. As many as 16 chambers can be connected at one time, with a measurement
diameter of up to 30 m.



What's What

Using the LI-8150 Multiplexer

If you have just taken delivery of your LI-8150 check the packing list to verify that
you received everything ordered, including the following items:

Cable/Hose Assembly

Contains all cables and hoses for connection to the LI-8100A Analyzer Control
Unit. Setup instructions are given later in this section.

Spare Parts Kit

This box contains replacement parts for your LI-8150. As you become familiar
with the system you will learn which items to keep close at hand and which items
can be stored away. Additional spares kits are packaged with the soil chambers, as
well.

The spares kits include these commonly used items:

Description Qty. LI-COR Part No.

Multiplexer Spares Kit 1 9981-130
Urethane Tubing, 1/8” ID x 4+” OD 3 ft. 222-00303
Hose Barb T-Fitting 2 300-02627
Ya” Quick Connect Plug 2 300-08151
3 Amp Fuse 1 439-04215
4 Amp Fuse 1 439-08516
Jumper Tube Assembly 1 9981-142
Filter Replacement Kit (set of 8) 1 or 2% 8150-909

* Two kits are included with the LI-8150-16 Multiplexer configuration.

Optional Accessories

DC Power Cable (8150-706)
A 3 m cable with bare wire leads for connection to a user-supplied DC power
source (10.5-14.5 VDC). An optional AC power supply (below) is also available.

8150-770 AC Power Supply

When used with the LI-8150 Multiplexer, the 8150-770 AC Power Supply is used
to provide power to both the Multiplexer and the LI-8100A. The 8100-770
provides a constant 12VDC source (4.5A maximum) to the Multiplexer and
LI-8100A. The Power Supply is weather resistant, O-ring sealed, and is designed
for long-term outdoor deployment.



Using the LI-8150 Multiplexer | 10-3 |

Figure 10-2. 8150-770 AC Power Supply.

The 8150-770 has an input voltage range of 115-120 or 230-240VAC; the range is
switch-selectable, and must be configured before applying power. Loosen the 4
screws in each corner on the top panel of the power supply. Slide the top cover
away from the supply; note that the cover is attached via a grounding wire and
cannot be fully removed. Verify that the switch is in the correct position for your
mains power supply (choose 115 for 115-120VAC, or 230 for 230-240VAC).

Note that the voltage switch is pre-configured at the factory; if you need to move
the voltage switch, it is likely that you will need to change the fuse, as well. Use a
flathead screwdriver to loosen the cap on the fuse holder (see below) and check to
see that the proper fuse is installed. A TA fuse (p/n 439-08924) is used when the
voltage selector switch is set to 230VAC, and a 2A fuse (p/n 439-08923) is used
when the voltage selector switch is in the T15VAC position. Spare fuses can be
found in the 8150-770 spares kit.
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Voltage Selector Switch Fuse Holder

Figure 10-3. Location of voltage selector switch and fuse holder.

The 8150-770 includes a 2m power cord that is used to connect the power supply
to the LI-8150 Multiplexer (p/n 9981-140). Note that the cord can be used in any
orientation; either end can connect to the Power Supply or Multiplexer. The
system is also supplied with an attached AC power cord. To protect against
electrical shock, the Power Supply must be connected to a properly grounded AC
mains receptacle; we recommend that the mains power to the instrument be
supplied by a ground-fault circuit interrupter (GFCI). If an extension cord is to be
used with the Power Supply, make sure that it is rated for outdoor use. Connect the
power cord between the Power Supply and Multiplexer; plug the AC cord into
mains power, and then power the LI-8150 and LI-8100A on.

The 8150-770 AC Power Supply can rest on the ground, or be mounted off of the
ground using holes in the 8150-770 box. If the 8150-770 is allowed to rest on the
ground, and there is a possibility of water pooling around, or immersing the unit, it
is recommended that the Power Supply be placed on a platform, or sheltered, to
reduce the possibility of shock hazard. Care must be taken when installing and
operating the 8150-770 to insure that the power supply cord remains accessible, as
this is the only means to completely remove power from the instrument.
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Note, too, that if the Power Supply is deployed outdoors for an extended period of
time, it may be subject to damage from weather and/or rodents. We recommend
that you periodically inspect the power supply and power cord(s) for damage. In
addition, check the gland connector where the power cord passes through the
power supply case to make sure it is tight, so that water cannot leak into the case;
tighten if necessary.

The AC Power Supply can be used in combination with the batteries located inside
the LI-8100A Analyzer Control Unit; if AC power is interrupted, the batteries will
continue to power the LI-8100A. When AC power is restored, the measurement
will continue at the point in which it was interrupted.

Cable/Hose Extension Assembly (8150-705)

Extends the distance at which each chamber can be placed from the Multiplexer.
Assembly is 15 m in length; only one extension can be used for each chamber.

Soil Moisture Probes (p/n 8100-202, 8150-202, 8150-204, and 8100-204)

The 8100-202 ECH,O Model EC-5 soil moisture probe (Decagon Devices, Inc.,
Pullman, WA) is a 5 cm (2") dielectric sensor that measures volumetric water
content of the soil. The probe contains a 3-wire adapter cable for connection to
the Auxiliary Sensor Interface (see Section 2, Connecting the Soil Moisture Probe to
the Auxiliary Sensor Interface). The 8150-202 probe has a plug for direct
connection to the 8100-104/C Long Term chambers.

The 8100-204 and 8150-204 Theta Probes differ only in the way the cable is
terminated; the 8100-204 has bare wire leads, and is for use only with the

LI-8100 Auxiliary Sensor Interface. The 8150-204 has a connector pre-installed for
direct connection to the 8100-104/C soil chambers.

Soil Temperature Thermistor (8150-203)
6 foot cable, connects to the 8100-104/C Long-Term Chamber. Accuracy: £1.0 °C
from —20 to 50 °C.

DC Power Cable (8150-706)

3 m cable, bare lead termination. For user-supplied DC power source.

Eight to Sixteen Port Upgrade Factory Installation (8150-916)

Factory upgrade of an eight port Multiplexer to sixteen ports (LI-8150 serial number
306 or below).
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Eight to Sixteen Port Upgrade Field Installation (8150-916-1)

Field installation kit includes control panel assembly, solenoid/valve bank
assemblies, Multiplexer module PCA boards, filter assemblies, necessary hardware,
and installation instructions (LI-8150 serial number 306 or below).

Eight to Sixteen Port Upgrade Factory Installation (8150-917)
Factory upgrade of an eight port Multiplexer to sixteen ports (LI-8150 serial number
307 or above).

Eight to Sixteen Port Upgrade Field Installation (8150-917-1)

Field installation kit includes control panel assembly, solenoid/valve bank
assemblies, Multiplexer module PCA boards, filter assemblies, necessary hardware,
and installation instructions (LI-8150 serial number 307 or above).

How It Works

The LI-8150 Multiplexer contains a pump-driven (pneumatic) circuit that transports
the sample gas from one of 8 (or 16) chambers (or gas lines) at a time to the IRGA
in the LI-8100A. This circuit provides air flow to and from the chamber while
maintaining the pressure in the IRGA at the ambient level. This pneumatic circuit
also monitors the approximate flow rate to and from the chamber(s), and provides a
method to test for leaks throughout the system.
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8100-104 Chamber

LI-8100 Analyzer Control Unit
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LI-8150 Multiplexer

The above block diagram shows the direction of flow, and the major components
contained in the pneumatic circuit. Solenoid valves are used to control flow to and
from one chamber at a time (there is a separate valve for inlet and outlet). Thus,
the 8-port multiplexer has 16 solenoids, and the 16-port multiplexer has 32
solenoids. Sample gas from the chamber is filtered as it enters the pneumatic
circuit; it is filtered again in the LI-8100A before it is measured by the IRGA.

A diaphragm pump is used to circulate the sample gas to and from the multiplexer
and the selected chamber. A flow sensor measures the approximate flow rate in
the ‘chamber loop’ (between 1.5 and 3.5 Ipm in normal operating conditions). The
flow rate is adjustable in software. The pump also circulates flow in a ‘sub-
sampling loop’, as it is in-line with both parallel loops. Flow restrictors in the ‘sub-
sampling loop’ restrict flow in comparison to the ‘chamber loop’ to control the
pressure in the LI-8100A IRGA. The LI-8100A, in turn, samples air from the ‘sub-
sampling loop’ using its own pump. The LI-8100A bellows pump circuit is used to
pressurize each chamber to test for leaks.
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Control Panel

Access Panel

Chamber Connections
(Air In, Air Out, Electronics)

Solenoid Valves

On either side of the LI-8150 case are connections for up to 8 chambers. The left
side shown above (optional) has only chamber connections; the right side (not
pictured) also has power and LI-8100A connections. The raised platform in the
case contains the On/Off switch and central Control Panel (below), which provides
a display of the active chamber and valve. A Chamber Actuator Button is also
located on the raised platform; pressing this button closes all attached chambers (4
at a time), which is useful when preparing the chamber(s) for transport. The plate
under the raised panel has a small access panel that can be removed to access the
fuses.
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Power — [lluminates when power is applied
to the instrument, and the power switch is
turned On.

Check Error Log — illuminates when an
error condition is detected (e.g. a chamber
failed to close, flow rate is too low, etc.).
The Error Log can be viewed in the
Windows application software, under the
View Menu, and in the Palm software, by
pressing the “E” indicator when present.

Activate All Chambers — illuminates when
Chamber Actuator Button is pressed. All

connected chambers will close in series (4
at a time); (1-4), (5-8), (9-12), and (13-16).

Active Chamber - displays chamber that is
currently performing a measurement.

Active Valve — displays currently active
(open) solenoid valve. When a measure-
ment is being performed, this will always
match the Active Chamber. When the
instrument is idle, however, a valve can be
operated independent of the chamber(s).

V2-V4 — shows the port from which the
indicated voltage output is coming.
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Cable Connections

LI-8100A

There is a panel for connecting the communications, chamber, and Auxiliary

Sensor Interface cables on the left side of the LI-8100A Analyzer Control Unit.
These connectors have slightly different uses when the LI-8150 Multiplexer is

connected to the Analyzer Control Unit. The LI-8100A side panel appears as

shown in Figure 10-4 below.

AUX. SENSOR AIROUT  AIRIN

()OO0 C

CHAMBER RS-232 ETHERNET
INTERFACE BELLOWS

Figure 10-4. LI-8100A Analyzer Control Unit cable connection panel.

There are two hose/cable bundles included with the LI-8150; the yellow cable with
large bulkhead connectors on either end connects to the port labeled Aux. Sensor
Interface on the LI-8100A, and to the port labeled LI-8100A on the LI-8150. The
second hose bundle has three air hoses and an electronic cable. These hoses are
connected to the side panel of the Analyzer Control Unit, as shown below. The
hose for Air In has a male fitting and the hose for Air Out has a female fitting. Note
that one of the hoses has a piece of black shrink wrap; this hose attaches to the Air
In fitting on the Analyzer Control Unit. The bellows hose has a male fitting, and
attaches to the port marked Bellows on the Analyzer Control Unit. Insert the hoses
until the fittings snap into place. To remove the hoses, slide the collar on the
fittings; the collar on the bellows and Air In fittings slide toward the Analyzer
Control Unit, and the collar on the Air Out fitting slides away from the Analyzer
Control Unit.



Using the LI-8150 Multiplexer | 10-11 |

Note that the fittings on the
side panel have fine threads.
Make sure there is no debris
on the fittings before
attaching the connectors, as
the threads can be damaged.
Cover the connectors with the
attached connector dust caps
whenever the connectors are
not being used.

/.’c

Figure 10-5. Hose connections to LI-8100A Analyzer
Control Unit.

~%
\

The yellow circular connector bundled with the air hoses is attached to the
Chamber fitting. Note that this fitting is indexed; you may have to rotate it until it
slips into place before tightening.

LI-8150

Attach the large bulkhead connector to the port labeled LI-8100A. Attach one end
of the power cable to the connector labeled PWR (Figure 10-6). Attach the round
control cable to the connector labeled CTRL.

Figure 10-6. Attach the bulkhead connector and power cable.
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The hose for the pump (labeled P) has a male fitting. The hose for Air Out (labeled
O) also has a female fitting; this hose has a piece of black shrink wrap. The Air In
hose has a female fitting, and attaches to the port marked I. Insert the hoses until
the fittings snap into place. To remove the hoses, slide the collar on the fittings.

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Figure 10-7. Attach the air hoses and control cable.

Chambers

Each LI-8150 side panel has connectors for up to 8 soil chambers (Long-Term
Chambers only); the right panel shown above has connectors labeled 1-8, and the
optional left panel (if present) has connectors labeled 9-16. Note that it is not
necessary to connect the chambers in sequential order; they can be connected to

any port(s) of your choosing. The port numbers are important to note, however, as
they are used in software during measurement setup.

Each chamber has air hoses with a male and female fitting that attach to the Air In
and Air Out connectors for each corresponding chamber connectors; the bundled
electronic cable connects to the fitting labeled CHBR. The photo below shows

some typical LI-8150 connections, including soil chambers and gas sampling
(vertical profiling) lines.
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Figure 10-8. Cable connections for LI-8150 and a soil chamber.

Unlike the Auxiliary Sensor Interface that is used with the LI-8100A, the 8100-
104/C Long-Term Chambers are pre-wired with plugs on the exterior of the
chamber; when soil temperature or soil moisture probes are purchased from
LI-COR for use with the Multiplexer, they are fitted with plugs as well, which snap
onto the mated connectors on the chamber. For sensors from other manufacturers,
a plug with bare wire leads (p/n 392-08577) is provided that can be attached to the
sensor’s wire leads; a wiring diagram with pin numbers and wire colors is given
below.

Connecting Auxiliary Sensors

The 8100-104 and 8100-104C Long-Term Chambers have sockets for connection
of up to three auxiliary sensors. The three sealed connectors, labeled V2, V3, and
V4, are wired internally to 0-5V inputs. Bare wire leads (Fig. 10-9) with a mating
connector (p/n 392-08577) are also provided so that the user can connect sensors
from other manufacturers to any of the three connectors. Soil temperature and soil
moisture probes can be purchased from LI-COR that are pre-wired for direct
connection to the 8100-104/C. The V2-V4 connectors on the 8100-104/C Long-
Term Chambers are wired as follows:

Pin Number Signal Wire Color
1 Ov-5vin+ Brown
2 5V_Ref Out (4mA) Pink

3 +5v Out (100mA) Blue
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4 N/C Grey

5 Unreg Out (50mA) Red

6 Switched +5V Out (30mA) Yellow

7 Ov-5vin- Green

8 Gnd White
FRONT VIEW

PLUG SOCKET

Plug = 8100-104/C V2-V4 Connector
Socket = 392-08577 Cable end

Figure 10-9. A plug with bare wire leads (p/n 392-08577) can be used to attach sensors
from other manufacturers to the 8100-104/C Long-Term Chambers.

Note that when the Multiplexer is attached to the LI-8100A, the Auxiliary Sensor
Interface cannot be attached to the LI-8100A; thus, thermocouples cannot be
measured without an external measurement device, as all measurement channels
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are dedicated for use with sensors attached to the §100-104/C Long-Term
Chambers.

Measurement Quick Start

This section is designed to quickly demonstrate a simple LI-8100A measurement
using the LI-8150 Multiplexer. For the purposes of this discussion we will refer to
the use of the LI-8100A Windows application software. Follow these steps to
complete this tutorial:

1.

Connect the cables, power supply, and computer as described above, and in
Section 2, Initial Setup.

Install the Windows application software as described in Section 8, Installing
the PC Communications Software.

Connect as many soil chambers as desired. Optionally, install extension
cables as described above. You may want to connect soil temperature, soil
moisture probes, etc. at this time.

Place the chamber(s) on a soil collar. Collar installation is discussed in detail
in Section 2, Initial Setup. If you have not installed the soil collars yet, refer to
Section 2, Installing the Soil Collars.

Turn the Multiplexer on first using the power switch on the inside panel, and
then turn the LI-8 100A on using the ON/OFF button on the keypad on the
inside panel of the Analyzer Control Unit. If everything is connected properly,
all chambers connected will automatically open in series (4 at a time). Wait
for the "Ready" light to come on.

Open the LI-8100A Windows application software and click on the Connect
icon, or choose Connect from the Communication menu. Choose the serial
(COM) port on the computer to which the LI-8100A is connected, or enter the
IP address if connected via Ethernet. When the LI-8150 and LI-8100A are
powered on in the proper sequence, the software will automatically sense the
presence of the Multiplexer; the available functions change accordingly.

Optional: The Multiplexer is tested before shipping from the factory; you may,
however, wish to perform a leak test to ensure the integrity of all tubing
connections. The LI-8100A bellows pump circuit is used to pressurize each
chamber port to test for leaks; the air hoses and solenoids for each port are
tested — the chamber itself is isolated from the circuit and is not part of the
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leak test. See Performing a Leak Test below if you want to perform a leak test,
or want more information.

8. Choose Measurement Configuration from the Setup menu. The Multiplex
Configuration dialog appears.

& Multiplex Configuration

Configuration Categaories:
Charnber ] Dbservation] Data Lngging] W2 ] W3 ] W4 ]

Click a category Sggf;tquence
here... —— [|Poit Took Chamber Total Sypstemn Yolume:-

Fiesots Chamber. Long Tem - [5100-104) ~ 43845 on?
to change ’— L |
the options in the/~ : :
window here. W T

Sequence Time [HH:MM:55]:

00:37:30 Temp Source: |Chamber

Total Time [DD:HH:MM:55):

00:00:37-30 Yolumne Corrections

Soil &rea [crf |317.8
Charnber Offzet [cm): (0.0

The port being e
config ured is Extension Tube Yalume (o
chosen here ~_| 15m estension = 237 o

\ s

ﬂlﬂ23456?8910111213141518 ﬂ‘ Apply to Port
Close

Note that there are 5 configuration categories at the top lefthand part of the
dialog; clicking on any of these categories changes the options available in
the tabbed portion of the dialog box. Note, too, the port number string at the
bottom of the dialog; the port to be configured is chosen here. You can
choose to configure each port individually, or configure a single port, and
then copy that configuration to as many other ports as desired. For the
purpose of this exercise, we’ll simply configure a single port, and copy that
configuration to all other connected chambers.

8a) Click on the port to which your first chamber is connected (#1 in the
example above).

8b) In the Port Setup:Chamber page (shown above), select the type of
chamber connected to the chosen port (Long Term 8100-104 in the
example above). The default value for Chamber Volume is
automatically entered. Enter the Soil Area (317.8 cm” for 8100-101 or
8100-104/C), Chamber Offset value (see Section 2, Measuring the
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Chamber Offset), and Extension Tube Volume values (237 cm?® for 15 m
Extension Tube from LI-COR). If you are not using an extension tube,
enter ‘0’ for the Extension Tube Volume.

The Temperature Source determines where the air temperature
measurement used for the flux calculations is obtained. When using a
LI-COR soil chamber, this field should always be set to ‘Chamber’, so
that the temperature measurement is made using the thermistor located
inside the chamber. For other experimental protocols (e.g. making flask
measurements), however, you can choose to map the temperature
measurement to any of the analog voltage input channels (V1-V4 with
the Auxiliary Sensor Interface, or V2-V4 with the 8100-104/C and the
LI-8150 Multiplexer), and then use the appropriate V2-V4 tabbed page to
enter the coefficients for the user-supplied temperature thermistor. The
temperature derived from that input channel will then be used for the
calculations.

Click on the Observation tab. Enter a Treatment Label, and set the
Observation parameters as shown below.

Observation Length: 2 minutes
Dead Band: 25 seconds
Pre-purge: 30 seconds
Post-purge: 45 seconds
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& Multiplex Configuration

Configuration Categories:
Fo

Chamber Observation | DataLogging | v2 |3 |va |

Lp
Port Sequence
Repeat i
Port Tools Obseryation
Presets
Treatment Label: |Test1

:2_—5_ irte(z] D-_{ minute(s)
Sequence Time [HH:MM:S5]: Observation Length: rﬂ _c_ second(s] Pre-puige:: 30 % | seconds)
00:37:30 R
Tatal Time [DD:HH:MM:55]): _— e
Dgﬂa&?:;:é ! Dead Band: |25 ¥ J| zecond(z) Post-purge:; |45 v_J zecond(z)

[ Stop obzervation if BH reaches: o il

FSIEs
i_l"/°

Port:‘:J [z 3 45 6 7 8 9 1011 12131415 16 ﬂ‘ Apply to Port
Cloge

8d) Click on the Data Logging tab. Click on the Select All button, if the
Optional Data Fields are not all selected.

8e) Optionally, you can click on the V2, V3, or V4 tabs to choose the type
of probe (or thermistor) for each input on the 8100-104/C chamber. The

factory-derived calibration coefficients for each probe are entered here,
also.

8f) Click on Port Sequence under Configuration Categories. The dialog will

change to show the current measurement sequence, and the chambers
detected, as shown below.
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& Multiplex Configuration

Port Setu

Repeat
Part Tools
Fresets

Sequence

Port Sequence: [1.2.3.4.56.789.1011,1213.1415.16

Example: 1,8.813.1.9 t

Detected Chambers

Sequence Time [HH:mMk:55):
00:37:30

Total Time [DD:HH:MM:55];
00:00:37:30

Chambers detected on ports; 1

Use az Sequence
Redetect Chambers

Close

8g)

8h)

When the chambers are connected properly, they will be detected in
software, and shown here. In the example above, a single chamber was
detected on port 1. Chambers can be measured in any desired
sequence, using the Port Sequence entry field. For example, if we
wanted to measure the chambers in the order in which they were
detected, we can simply click the ‘Use as Sequence’ button; the Port
Sequence field will be filled in automatically. If, however, you want to
measure in a different order, simply enter the desired order in the Port
Sequence field manually (ports separated by commas). Click Apply
Changes, if necessary.

Click on Repeat under Configuration Categories. The dialog will change
to show the Repeat measurement configuration. You can choose to
repeat the measurement protocol at a chosen number of hours and
minutes, and for a chosen number of times. Set the repeat time to 1
hour, and for as many repeats as you want.

Click on Port Tools under Configuration Categories. After you have
defined a measurement protocol for a single port, you can copy that
configuration to as many other ports as desired. Choose the ‘Copy Port’
(just defined, #1 in the example above), and then enable the other ports
to which you want to copy that definition. Note that if the Chamber
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Offsets and/or Treatment Labels vary between soil collars, you will need
to enter them individually; this can be done in the Quick Settings part of
this dialog. Simply choose the port, and then enter Treatment Label and
Chamber Offset for each port. Click Apply after entering the Treatment
Label and/or Chamber Offset for each port. When you are finished, click
on the Copy button.

Choose the port whose and choose as many ports as

configuration you want desired here to copy to
to copy here...

= Multiplex Configuration

Configuration Categories:

~Copy Port Setup

Port Setup y -
Port Sequence ) Port 3
Fepeat Part 2 Port 10 Select Al
Part 3 LI Part 11
A Port 4 Port 12
Fresets Eopy Fort | = | i PortE Part 13 Select Mone
Fart & || Paort14
] Part 7 I Part 15 Copy
| Port 8 | Port 16

: v Do not copy Treatment Label and Chamber Offset
Sequence Time [HH:MM:55]:

00:37:30
Tatal Time (DD:HH:MM:S5): L Settings
00:00:37:30
: : Treatment Label: ]Soybean‘l
Port; }1 2 |

Chamber Offset [em): 0.0
Apply

If Treatment Labels and/or Chamber
Offsets vary between ports, choose

the port here, enter Treatment Label
and Chamber Offset, and click Apply

Close

9. Click Start Measurement from the Setup menu. Use the Current Settings
preset, and choose the Start time (immediately, or at a defined date and time).
Click the Start Measurement button.
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&= Start a Measurement E

t eazurement Configuratian

Preset; |Eurrent Settings j

td eazurement File

Mame: |Tests

f* Create a standard data file

(" Split data files by the: |Day  +| [&ppends a date to the file name]
" Append data to an exizting file

Comments:;

Destination

(" Onboard Internal Flazh
{+ Compact Flazh Card [FCHClLA]

t eazurement Start

= Start at: | == Start Meazurement |

Cloze

10. Choose Summary Records from the View menu. You can view a brief
summary of each observation, in series, including flux values, by clicking
Previous or Next. Click Close when finished reviewing the records.
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11.

%)

& Observation Summary

Summaries
Meazurement: Test? 81x
Obzervation: 1
Port: 1
Label:
Tirne; 200404421 13:24
Statuz: Exp
Flu: 216
Flue CW: 13

Choose File Manager from the Utilities menu. This dialog is used to perform
basic file management functions, including copying files from the LI-8100A
internal memory and/or from the compact flash card to the computer. We’'ll
move the file just created to the computer, where we can open it in the
LI-8T00A File Viewer program for further analysis. Locate the newly created
file in the Internal Storage list box (Test2.81x in the example above). Click
and drag the file icon into the Local PC list box, to the desired location (i.e.,
onto the Desktop, or into a file folder).
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= File Manager

Local PC i [ Internal Storage *18.0 MB Free
@' Desktop :
#) My Documents r;lame | Size Transfer to PC
1 My Coputer [ Test2 814 34E
+- %4 My Netwark Places [ stan.gx 43K CRpieeh
2 Recycle Bin Wiew File
Delete
Click and drag a file icon Delste Al
from here...
Refrezh
or here....

[# Use FTP to transfer files to PC.
onto the PC.
Or, select the file
and click Transfer
to PC.

Compact Flazh Card -

_r_‘-Jame | Size Transfer to PC
[ start 1« 49K e
Delete Al

Format

Eject Card

Refrezh

Pt bl

Size; 9772 MB Free: 5771 MB
Cloze

12. Locate the file transferred above and double-click on the file icon;
LI-8T00A data files are associated, and automatically open with, the
LI-8100A File Viewer program (they have a .81x file extension). The File
Viewer program will open, and will display a summary view of all
observations in the file.
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B2 L1-2100 File Viewer 2.0h _ O]
File Edit “iew Help

IDESHE (BE [[sbe X R
ERE T

engrtestI7 0G0 61« |

Label = [ #iMsge [ Obst [ Portt [ #Raw | W Dae | Exp Flux [ CrvFitstatus [ =]
] x5 1 183 20060705 12:44:00  0.40 Lin -
] % 5 181 20060705 124751 0.85 Exp
] 7 ] 180 20060706 125137 1.30 Lin
] ) 13 181 20060706 125527 0.53 Lin
] 29 1 182 20060705 131400 0.50 Exp
] a0 5

180 2006-07-061317:47 1,01 Exp

w

182 2006-07-0612:25:21 0586 Lin

a k) 13
] = 1 181 2006-07-06 12:44:00  0.44 Lin
] k) g 183 20060706 12:47:581  1.02 Exp
] - ] 180 2006-07-06 12:51:40  1.44 Exp
] k' 13 184 20060708 136626 053 Exp
] 7 1 182 2006-07-08 1414:00  0.40 Lin =l
2456 Obs 1 Selected [ p

Select an observation by double-clicking on it (Obs. 31 in the example
above). An Observation View appears, where you can view all final variables
collected, as well as view and/or perform additional regression analyses, if
desired.
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_‘Slaﬂ_ﬁéfd ViEVi_;_‘I Header Imfol Measurements' Reqression Ama\ysisl

@« hsstored ¢ Curent
LI-2100: mnm 86 7Eb1
File Mame: engrtest070B06
Instrument Mame:  EMGR_TEST
Serial Number: 140106
Software: 2.2.17b
Camments:

Obsk: 31

Fortl: 3

Label:

Observation Length: 0200

Observation Delay: 00:00
IRGA Averaging. 4

FlowE100: 10

Flowbdux: 10

T 47.650

Wirga: 19.000

(rnuw:  95.000

et 242.000

[vcham:  4073.500

Offzet: 2000

e 317.800

[Wiotal 5025100

%1 Info:  Multiplexer Flow R ate

W2 Info: a=0.001

3 Info: 3 t=1.000 B=0.000
(4 Irfo: 3 1=1.000 B=0.000
Labels 01: 24

Tupe Etime Date

1 -1 2006-07-06 13:18:35
1 -1 2006-07-06 13:18:36
1 -1 2006-07-06 13:18:37
1 -1 2006-07-06 13:18:38
1 -1 2006-07-06 12:18:39
1 1 2006-07-06 12:18:40
1 -1 2006-07-06 13:18:41
1 -1 2006-07-06 13:18:42

4]

1ia

b=0.000 =0.000

17

Tcham  Pressure H20

Cdry

17766
17.716
17.927
18.295
19108
20158
21.426
21,607

W1

4282
34255
34282
4327
34355
34435
346.82
34575

W2

343.02
348.73
343.08
34367
360.24
361.43
354.42
353.39

W4

30.769
31.567
31.567
31.602
31.585
31.585
31.585
31.585

RH Tbench  Thoard
5004 2077 2192
5002 0959 2195
6002 0958 2311
6002 0957 2482
6002 0958 2665
5001 0957 2928
5002 03957 3222
5002 0958

Click on the Regression Analysis tab to view a regression

observation.

plot of the chosen
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Click on the chart (ﬁ) icon on the toolbar. You can define additional plots
to be displayed in the main window (flux vs. chamber temperature is the
default). Click OK. A plot appears below the summary records in the main
window.

An on-line manual that describes the File Viewer functions can be found
in the Help menu at ‘FV8100 Manual’.

Performing a Leak Test

The LI-8150 Multiplexer utilizes a large amount of tubing, particularly when
extension tubes are used between the Multiplexer and the soil chambers. A routine
has been developed that allows the user to test for leaks in the system. Each port
can be tested individually; the soil chamber is isolated and is not a part of the leak
test. To perform the leak test, the bellows circuit in the LI-8100A (not used during
normal operation for the Long-Term chambers) is used to evacuate the system. The
[RGA pressure is then monitored to determine the leak rate of the system. Upon
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completion of the leak check on each port, the system is purged to allow the next
port to be evacuated.

The leak test requires that; a) each multiplexer port is sealed to form a closed loop,
usually by disconnecting the extension tubing at the chamber end and mating the
male and female connectors to each other, and b) one port is left open to allow the
system purge.

Note that the Multiplexer can be tested for system leaks independent of any
extension tubing; the leak test will test for integrity of the solenoids and internal
tubing only, as well as the connection between the LI-8100A and the Multiplexer.
A small fixture (p/n 9981-142) consisting of a short piece of tubing, and a male and
female connector, is included in the spares kit, which forms a closed loop between
the air input and output ports (Figure 10-15 below). The fixture is connected to
each port before performing the leak test on that port; only one port can be tested
ata time.

the air inlet and outlet ports (port #14 shown).

B Follow these steps to perform a leak test:

1. For each port to be tested, disconnect the extension tubing at the chamber end,
and mate the male and female connectors together to form a closed loop.
Alternatively, connect the tubing fixture (p/n 9981-142) between the air inlet
and air outlet ports on the Multiplexer side panel, in the absence of the
optional cable/hose extension tube assembly.
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2.

Mate the male and
female connectors at
the chamber end of the
extension tubing.

YA WL
TOm it

Make sure that at least one port is left open; you can disconnect the tubing at
the chamber end, without mating the connectors, or simply disconnect at the
Multiplexer side panel. Thus, the greatest number of ports that can be checked
at one time is 7, with an 8-port system, or 15, with a 16-port system. The open
port will need to be checked for leaks after completion of the other ports’ test.

Choose Manual Controls from the Utilities menu in Windows or PDA
software.

Windows:
a. Click on the Leak Test tab in the Manual Controls dialog.
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= Manual Controls E

Ehamberl Flaw ] Inputs  Leak Test l

v 100 o ks v Port B v Part 12

v| Part 1 v| Part 7 v| Port 13 Select Al
v| Part 2 v Port 14

v Port 3 v Paort 9 v Part 15 Select Mone
v| Part 4 v Port 10 v Port 16

v Port B v Port 11

Purge Port;

Pot 0 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16
TestRest /@@ X X X KK —- KA AKX KKKX
f -Pass Status:

@ -Fai Last Test: 2010/04/21 13:36

@ - InQueue

¥ - Canceled Fun Test ‘
= - Mot Tested

Cloge

b. Enable the check boxes next to the ports to be tested. Choose a purge port
to be left open. Enable the ‘8100 to Mux’ check box to test the air lines
between the LI-8100A and the Multiplexer (Port 0).

c. Click on the Run Test button. Each selected port will be tested in
sequence. The results of each test are displayed after the port check is
completed.

Apple iOS:
a. Tap on Leak Test in the Manual Controls page.
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uiites  Manual Controls

Port Action

Chamber: Close

Gas:

Ve:

Va3:

V4:

Pressure:

8100 Flow:

Port Flow:

b. Enable the ‘Include LI-8100 to Multiplex lines’ box to test the air lines
between the LI-8100A and the Multiplexer. Tap on the Port Sequence
field.
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The Leak Test page will
e display the results of the test,
Manual Controls Perform Leak Test using the following symbols:

Port Sequence: 1,2,3,4,5,...2,13,14,15 P = pass
ﬂ' | Include LI-8100 to Multiplex Lines f = fail

x = cancelled

o = in queue

- = not tested

Last Executed: 2011-11-28 12:38:29

Tap Test to enable the ports to be tested. Choose a purge port to be left
open (#16 in the example below). Tap Send Update. The results of the
test are shown in the Perform Leak Test page shown above.

LeakTest Select Ports To Test

<fesi> Fori i

<Test> Port 2

Test Don't Test

Test All Test None

Send Update
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Using the Windows Interface Software with the Multiplexer

Data from the LI-8100A can be transferred to a computer for analysis, printing or
storage using the RS-232 interface. Section 8 contains instructions for using the
Windows software with the LI-8100A and a single soil chamber; this section details
how to use the Windows software when the Multiplexer is connected to the
LI-8100A. Many of the software functions are identical, or very similar to, those
present when the LI-8100A is used in single-chamber mode; when the LI-8150
Multiplexer is connected, some of the functionality of the software changes to
allow data collection from as many as 16 chambers at a time.

Turn on the Multiplexer, and then the LI-8100A. Double-click on the LI-8100A
program icon to launch the program; the Main Window appears. If the Multiplexer
is turned on, the software will detect its presence, and will load those functions
applicable to its use.

Connecting

Select Connect from the File menu, or click on the connect icon on the toolbar,
beneath the File menu. You are asked to select the serial port to which the
LI-8100A is connected, or the IP address of the LI-8100A, if the instrument is
connected to a network (see Remote Networking below).

& Connect ﬁ|

Serial Port (COM);

" TCFAP

[

Connect Cancel |

Choose a COM port or enter the IP address, and click Connect. If the instrument is
connected properly, data will begin to appear in the Main window (below):
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& LI-8100 Automated Soil CO2 Flux System

Communication Setup View Utilities 3100 Help

@8 A Tl =

| Status

| |Dala

On ports: 1
State: OPEM
Flows Pump:  OMN
IRGA: READY
Multiplexer.  ATTACHED

Chamber:

COZ [pmol/mal]:

Chamber Temp [*C]:

Measurement

M ame:
Gas Port:

Observation:

Connected to ACLI401 on 172.24.41,152

S

Caze Temp [*C]:

W1 AL Flow:

10z Flus:

Pressure (kPa):

Win [volts]:

2010/04/21 10:27

Bench Temp [*CJ:

Instrument Idle

or double-click inside the field to open the list.

The flag indicates an error
has occurred; click on the
flag to view the error log.

Click here to
open the list of variables
that can be displayed...

i |berm:

l/mal]:
CO2 Dy [prmol/mal):
C02 abzorption:
H20 [rmal/mal):
H20 abzorption:
Prezzure [kPa):
Bench Temp [*C]:
Chamber Temp [*C]:
Casze Temp [*C):
10z Flus:
RH [%):
W1 A Flow:
W2

Win [volts]:
Raw COZ
Raw COZ2 Ref:
RawH20:
RawH20 Ref:
OFF

Cancel |

The Main window displays selected data variables on the right side of the window,
as well as the progress of the current measurement and the status of various
LI-8100A and LI-8150 parameters. If the Multiplexer is detected, the status window
will display ATTACHED); detected chambers will also be displayed on their
corresponding ports. You can change the variables that you want to monitor,
displayed on the right side of the window by clicking on the dots next to any
variable and selecting a different one from the pop-up menu (above). There are
also five menus used to configure the LI-8100A, perform zero and span
calibrations, and set up the parameters for recording data.

NOTE: You can also double-click inside the data fields to open the pop-up menu,
and then double-click on the desired variable to make it active.

Using the Toolbar

The toolbar in the Main window contains shortcuts for some of the commonly used
menu items:
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Connect\ New Measurement Settings
1% 5% & Il = —File Manager

\

Disconnect Start Charting
Measurement

Communication Menu

Connect

Opens the Connect dialog, where you can choose the serial (COM) port on the
computer to which the LI-8100A is connected, or enter the IP address of the
LI-8100A, if the instrument is connected to a wireless network.

The Internet Protocol (IP)
address is a unique number that
 Carisl identifies a host (in this case,
e the LI-8100A) connected to a
| network. The address is
composed of a set of four
numbers (called octets), where
& TCPAP each octet ranges in value from
0 to 255. When entering an IP
address, the octets are
separated with a period. For

example, 192.168.100.2 is a
L | L valid IP address.

= Connect

IP Address:
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Disconnect
Terminates communication between the Windows application software and the
LI-8100A.

Measurement Configuration

Opens the Multiplex Configuration window, where you can define the
measurement protocol, data logging options, flow rate, voltage inputs, and
chamber offset values. There are a number of tabbed pages associated with the
Chamber Configuration window; click on the tabs to open the other pages.

Note that there are 5 Configuration Categories in the upper lefthand corner of the
window; clicking on any of the categories changes the options in the main part of
the window. Note, too, that there is a string of port numbers at the bottom of the
window; click on any port number to define the measurement configuration for
that port. After a single port has been configured, that configuration can be copied
to as many other ports as desired; see Port Tools below. After you have finished
defining a ports’ configuration, be sure to click the Apply to Port button.

Port Setup: Chamber

The Chamber tab contains options for choosing the type of chamber that is
connected to the port being defined (port #1 in the example below), as well as
entering any Volume Corrections, including chamber offset, and whether or not an
extension tube is connected to the chamber.
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& Multiplex Configuration

Repeat
Port Tools
Prezets

Chamber ] Dbsewation] Data Logging] 42 ] W3 ] 4 ]

“Chamber 1 Total System Yolume-

Chamber: |Long Tem - (£100-104) - 43845 o |

00:37:30

00:00:37:30

Seguence Time [HH:MM:S5]

Total Time (DD:HH:MM: 55

1
Temp Source: |Chamber -

“Wolume Comections

Soil &rea [ore] (3178
Charmber Dffset [em]: |00
Estension Tube Yalume [onf]; |237.0

15m extension = 237 cnr

Pot | 4| [1]2 3 4 5 5 7 8 8 1011 12131415 16 m|| AmobtoPon
Cloze

Choose the type of chamber that is connected to the active port from the Chamber
pull-down menu. The choices are:

Charnber

Chamber. |Long Term - (3100-104C) |

Long Termn - [8100-101]

Temp Source: |Chamber

Custom — a user-built chamber, or tubing used for profiling studies.
Long Term — LI-COR p/n 8100-101

Long Term — LI-COR p/n 8100-104

Long Term Clear — LI-COR p/n 8100-104C
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Chambers sold by LI-COR provide an electronic signal when they are closed; this
signal is used during various operations (e.g. during calibration) to indicate when
the chamber is fully closed. Thus, when a LI-COR chamber is chosen from the
menu, the “This chamber provides a “Closed” signal” check box is automatically
checked. If a custom chamber is attached, this check box should be checked only
if the chamber provides this electronic signal. The Chamber Volume (cm’) is
automatically entered for LI-COR chambers; this value will need to manually
entered when using custom chambers.

The Temperature Source determines where the air temperature measurement used
for the flux calculations is obtained. When using a LI-COR soil chamber, this field
should always be set to ‘Chamber’, so that the temperature measurement is made
using the thermistor located inside the chamber. For other experimental protocols
(e.g. making flask measurements), however, you can choose to map the
temperature measurement to any of the analog voltage input channels (V1-V4 with
the Auxiliary Sensor Interface, or V2-V4 with the 8100-104/C and the LI-8150
Multiplexer), and then use the appropriate V2-V4 tabbed page to enter the
coefficients for the user-supplied temperature thermistor. The temperature derived
from that input channel will then be used for the calculations.

The Volume Corrections allow you to enter the exposed Soil Area (cm?) within the
soil collar, as well as the Chamber Offset and extension tube volume (if present).

Yolurme Carrections

Soil Area [cme]: [317.8
Charnber Offzet [cm): (0.0
Estenzion Tube Yolume [cre). [237.0

15m extenzion = 237 om?

The Soil Area is the area encompassed by the chamber collar. The Chamber
Offset is the distance (in cm) between the soil surface and the top of the soil collar,
and is dependent upon the depth that the collar is inserted into the ground
(discussed in Section 2, Initial Setup). The soil CO; flux measurement requires an
accurate estimate of the Total System Volume. The LI-8100A software uses the
Chamber Offset and the Soil Area values to calculate the volume of air inside of
the soil collar (Collar Volume). This value is, in turn, added to the Chamber
Volume, IRGA Volume, Multiplexer (Mux) Volume, and Extension Tube
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Volume to obtain the Total Volume. Measuring the Chamber Offset is described
in Section 2, Using Soil Collars.

The Chamber Volume value is entered automatically when a LI-COR chamber is
chosen from the Chamber pull-down menu. Enter the Soil Area value (317.8 cm?
for the 8100-101 or 8100-104), Chamber Offset, and Extension Tube Volume (237
cm’ for 15 m Extension Tube from LI-COR). If you are not using a chamber
extension tube, enter zero for the Extension Tube Volume value.

Port Setup: Observation

Click on the Observation tab to open the Observation page, where you can define
the Observation Length, including delay times, Dead Band value, and Purge Time
values.

& Multiplex Configuration

Configuration Categories:

Port Setup
Port Sequence
Repeat

Part T oals
Presets

Chamber Observation | Datalogging| v2 | va | w4 |

Obszervation

Treatment Label; |Tesl'|

%2 é_i minte(s] :“i minte(s]

00:37:30

00:00:37:30

Sequence Time [HH:MM:55]:

Total Time [DD:HH:MM:55]):

Pre-purge:: |

[Dead Band: IT25 :_J zecond(z] Post-purge:; 45 :J zecond(g]

[ Stop observation if BH reaches: U_ Eﬁ' %
-

Po | @=| [1]2 3 4 5 6 7 8 9 1011 12131415 16 w|| ApbtoPat
Cloze

The Treament Label is user-entered information which is included in a data record
(maximum 30 characters).

The Observation Length is the time period from the instant the chamber is closed
until just before it begins to open again, and includes the specified Dead Band
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period. At moderate to low CO, fluxes an Observation Length of 90 to 120
seconds is usually adequate.

When making repeated measurements, a delay is required to allow the chamber air
to return to ambient conditions before beginning the next observation cycle. This
delay is referred to as the Pre-purge.

The Dead Band is the time period that starts when the chamber closes completely,
and continues until steady mixing is established and the measurement begins. The
Dead Band requirement changes depending upon the chamber geometry, system
flow rate, and collar and site characteristics. Testing at LI-COR has indicated that a
Dead Band between 10 and 60 seconds generally provides adequate mixing (30
seconds is a good starting point if you are new to the system). There may be
conditions, however, where a longer Dead Band is required. Note, too, that
collected data can be recomputed using longer (or shorter) Dead Bands with the
LI-8T00A Data Analysis (File Viewer) program.

The Post-purge Time is the amount of time during which air continues to flow
through the chamber as it begins to open, after the Observation is complete. This
is important in certain cases where environmental factors may influence the
amount of CO, or moisture that is present in the gas sampling lines. For example,
in hot, moist conditions, you may want to increase the Post-purge Time to ensure
that the gas sampling lines are purged of moisture that may condense in the lines,
before the next measurement using that chamber is started. In most cases, a Post-
purge Time of about 45 seconds is adequate.

When an observation is complete, the chamber will automatically rise up off of the
soil collar. If a Post-purge Time is designated, air will continue to flow through the
port whose Observation has just completed (post-purge). After the Purge Time has
finished, air flow switches to the next port in the sequence for the Pre-purge.



CO, Concentration (umol/mol)

Chamber
Is Open
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Chamber : : : : Chamber : Chamber
Closes : : i<————— Opens : Closes

i<— Observation Length -

Summary
Records
: Logged
i Dead ! Data Post- | § ! Dead Data
: Logged purge ! : Logged
<—— Pre-purge —>! : Pre-purge
(optional) : Range for ! (optional)
i ~<——Summary —>-{ B
H : : Records H . ' :
|——— Observation #1 —— | j————— Observation #2 ———|

} Measurement
(includes n observations)

Enable the 'Stop observation if RH reaches' check box and enter a relative humidity
value (if humidity is a concern at the measurement site). The Observation will
abort if the measured relative humidity in the chamber exceeds this value at any
time during the Observation. If the Observation is aborted, a message is placed in
the log file, and the measurement will continue at the next Observation.
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Port Setup: Data Logging

The Data Logging page contains a number of Optional Data Fields that can be
logged with each Observation. These fields are normally not used in any
calculations; if the Temperature Source, however, is mapped to V2, V3, or V4 (see
Chamber tab earlier in this section), that temperature may be used in calculations.
Choose Select All to enable all records, or Clear All to disable these records. If
you want to perform flux calculations after each Measurement is completed, enable
the ‘Perform Flux Computations’ check box.

? Setup Multiplex Measurement

Configuration Categories: = - =
L | Chamber | Observation| Datalogging [v2 [V | v

Fepeat Optional Data Fields

Port Tools

Presets Hour LI-8150 Flow Rate [441) Latitude
Day of Year W2 Longitude
Fielative Huridity W3 GPS Status
Case Temperature Wa Speed

Sequence Time [HH:MM:55]: Input Yaltage [ =1 Course

00:11:18 H20 Absorphion

: COZ Abzorption
;DU.tDaIDET:E[DD:HH:MM:SS]: [7] Raw IRGA Dutputs
i [ selectal || Clearsn

Records

Perform Flus Computations
’ & Start Measurement.. ]

[ Close ]

e |(E 2 2 45 68 7 8 8 101112131415 16 (=)
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Port Setup: V2 (V3, V4)

The V2, V3, and V4 windows are the areas in which you can input the coefficients
for linear external input devices connected to the 8100-104/C chamber (V1 is
dedicated for measuring Multiplexer flow rate). There is a General Purpose Input, a
dedicated input for the Decagon EcH,O or Delta-T Theta soil moisture probes, and

a Thermistor input that can be monitored on any of V2, V3, or V4 voltage
channels.

& Multiplex Configuration

Configuration Categaries:

Chamber | Observation | Data Logging %2 IVB ]\M |

Port Sequence
Repeat

Part Taools
Presets

W2 Settings

{* General Purpoze [nput
" Soi Moisture Probe
" Thermistor Input

m: |1.00
Sequence Time [HH:MM:55]: b [o.on
00:37:30
Total Time [DD:HH: M55
00:00:37:30

w=rm*xrh

“Multiplex O ptions

Pot | @ [1]2 3 4 8 6 7 8 9 1011 1213 1415 16 wb|| AepbtoPor
Close

Enter the slope and offset values (obtained from the manufacturer) for each device
attached to the voltage inputs. If Thermistor Input is selected, the page changes to
show input fields A, B, and C, for thermistor calibration coefficients; the thermistor
temperature calculation is of the form

T (°C) = 1/[A + B*(In R) + C*(In R)’] = 273.15

NOTE: If a soil moisture probe is connected, the probe is automatically powered
for about 10 seconds to allow it to stabilize, before it is sampled.
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The voltage ouput from the input devices connected to the 8100-104/C chamber
can be viewed in the Main Window, or on the control panel inside the Multiplexer
case. During normal operation, the value observed is dependent upon which port
is currently active; for example, if a device is attached to a chamber at port #1, the
voltage output observed is that which is present when a measurement is taking
place on port #1. Then, when a measurement starts on port #2, the observed
voltage output changes to reflect a device connected to port #2, and so on. In
some cases, however, you may want this value to reflect the output from a single
device at all times.

For example, if a sonic anemometer is connected to an 8100-104 chamber on port
#7, you might want to view the voltage output from the anemometer on channel
V2 at all times, regardless of what might be attached to channel V2 on other ports.
To accomplish this, you can ‘fix’ the output from a voltage channel to a given port.
Thus, in the example above, you would select ‘Fix to port:7’ to monitor the output
voltage of the sonic anemometer for all ports on Voltage channel 2. Note that you
will not be able to use Voltage channel 2 for any other ports until this function is
disabled. When using the 8100-104 or -104C chambers, the sonic anemometer is
connected directly to the chamber, as shown in Figure 10-16.

V4
Sonic Anemometer
on V2

8100-104
on Port #7

Figure 10-16. Sensor output can be fixed to a specific port for constant monitoring (8100-
104 shown).
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Port Sequence
The Port Sequence page defines the order in which ports (chambers) are sampled.

= Multiplex Configuration

Configuration Categories:

Part Setup osdiene e
Repsat Port Sequerice: [1.2345678310111213141516
Port Tools
Presets Example: 18,813,189 I
Detected Chambers
Sequence Time [HH:MM:SS]: Chambers detected on ports: 1
003730
Uze az Sequence
Tatal Time [DD:HH:MM:55):
00:00:37:30 Redetect Chambers

Cloze

In most instances the ports are measured in sequential order (e.g. 1, 2, 3, 4, ...16).
They can, however, be measured in any desired sequence by entering the order at
Port Sequence. Enter the port sequence, separated by commas (e.g. 1,8,8,13,1,9).

Sequence

Port Sequence: |1.2.3.4.5.6,7.8,31011.1213.14.15,16

Example: 1.8.813.1.9

When LI-COR chambers are attached to the Multiplexer, they are automatically
detected, and displayed at Detected Chambers. If you want to measure the
chambers in the order they were detected, click on Use as Sequence. The order
will be automatically entered in the Port Sequence field. Click Redetect Chambers
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to query the system again; this is useful if a chamber was added, and you want to
system to ‘find’ the added chamber.

You can also sample ports where there are no chambers (or custom chambers)

attached; make sure the ‘This chamber provides a “Closed” signal’ check box in the
Port Setup:Chamber window is unchecked.

Detected Chamberz

Chambers detected on ports: 1

Ilze az Sequence |

Redetect Chamberz |

Repeat

The Repeat Measurement page allows you to repeat the defined protocol at a
regular clock interval. These functions are particularly useful when making long
term, unattended measurements.
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& Multiplex Configuration

Configuration Categories:

Repeat Sequence

Part Setup
[ 1
Fort Sequence . - 51 z  hous)
epeatin ———
Port Tools o |
Presets - j minte(s],

Repeat |'|_ﬁ _5_| times. Set ToMax

¥ Turm off flow pumpls] between repeats

Sequence Time (HH:MM:55):

003730

Apply Changes
Total Time [DD:HH:MM:55]: Q
00003730

Cloze

For example, you could specify a 90 second Obs. Length, 45 second Deadband,
Pre-purge time of 2 minutes, and Obs. Count of 3. This protocol could then be
repeated every hour for 240 times (10 days). The resulting data set would include
240 measurements, with each measurement consisting of three 90-second
observations on the chosen port. The maximum number of repeats is 12000 (Set
To Max button).

You can elect to turn off the flow pump between repeated measurements to
conserve power and extend the life of the pump by enabling the check box.

Port Tools

In many instances, the measurement protocol defined for a port (chamber) will be
used for all ports. Or, in other instances, you may want to define a specific
protocol for one set of chambers (e.g. between row), and a second protocol for
another set of chambers (e.g. in-row). It is not necessary to define each port
individually; simply define the protocol for one port, and then copy its definition
over to as many other ports as desired.
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Choose the port whose and choose as many ports as

configuration you want desired here to copy to
to copy here...

= Multiplex Configuration

Configuration Categories:

“Copy Poit Setup

Port Setup -
Port Sequence Port 3
Fepeat Part 2 Port 10 Select Al
Part 3 | Part 11
T | Part 4 [ Part12
Fresets Eopy Fort |-| = | i PortE Part 13 Select Mone
' ' || Part§ || Port 14
Port 7 Port 15 Copy
| Port 8 | Port 16

: v Do not copy Treatment Label and Chamber Offset
Sequence Time [HH:MM:55]:

00:37:30
Tatal Time (DD:HH:MM:S5): L Settings
00:00:37:30
R Treatment Label: |Soybean1
Part: ;1 i |

Chamber Offset [em): 0.0
Apply

If Treatment Labels and/or Chamber
Offsets vary between ports, choose

the port here, enter Treatment Label
and Chamber Offset, and click Apply

Close

Choose the port whose protocol has been previously defined (#1 in the example
above), and then choose the ports to which you want to copy this protocol. Click
Select All to choose all ports, or Select None to disable all check boxes. Click
Copy when finished.

Note that in most instances you will not want to copy the Treatment Label and
Chamber Offset values to other ports; they generally vary between chambers.
Enable the ‘Do not copy Treatment Label and Chamber Offset’ check box to
prevent the Copy Port’s Treatment Label and Offset values from being copied to the
other ports.

The Quick Settings area functions as a shortcut for entering Treatment Labels and
Chamber Offset values for each port, when you do not copy them as described
above. Use the Port up/down arrow selector to choose the port, enter a Treatment
Label and Chamber Offset value, and then click Apply. Repeat for additional ports.
This simply prevents you from having to return to the Observation tab and enter
Treatment Labels and Chamber Offsets for each port.
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Presets

After you have finished defining a set of measurement protocols, you can save the
definition as a Preset, which can then be recalled and applied globally, rather than
re-defining the protocol each time it is to be used. For example, you might have a
series of measurement protocols for daytime, nighttime, and diurnal measurements.
Any or all of these protocols can be saved individually for later recall.

& Multiplex Configuration

Configuration Categories:
Presets

Part Setup
Port Sequence

Fepeat a5t measuremnent Load Selected ‘
P ols

Load From File... ‘

Transfer ta PC... ‘

Sequence Time (HH:MM:55):
003730

Total Time [D0:HH:MB:S5]:
00003730
Delete Selected ‘

Save Measurement Setup ‘

Cloze

Click Save Measurement Setup to save the configuration as currently defined to a
measurement Preset. You are prompted for a filename for the Preset. After the
Preset is saved, you can save it to the computer by clicking Transfer to PC, and
choosing a destination for the file (by default, they are saved in a folder named
Presets in the LI-8100A Program Files folder). Preset files are appended with a .81p
file extension.

To load a Preset, choose a Preset from the list, and click Load Selected, or click
Load From File and locate the file on the computer.

Click Delete Selected to remove a Preset from the list.
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Start Measurement

& Start a Measurement

]

Meazurement Configuration

Preset: |Eurrent Settings j

Meazurerment File

Mame: |Test2

f* Create a standard data file

" Split data files by the: [Day = | [Asppends a date ta the file name)
" Append data to an exizsting file

Comments:

Deztination

" Onboard Intemal Flazh
f* Compact Flazh Card [PCMCIA]

Meazurement Start

(™ Start at | == Start M eazurement |

Cloze

Measurement Configuration

You can choose a defined set of measurement parameters from the Preset pull-
down menu, or use the configuration as currently defined (see Measurement
Configuration:Presets above).

Measurement File
Enter a File Name and optional Comments. The Comments appear only in the
header information. Files can be created in the standard data file format, where the
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entire data set is placed in a single file, as defined by the measurement
configuration. Large files can be split into smaller files, in increments of 1 day, or 1
week. Files split by the day are appended with a date, beginning at 12:00 a.m.
each day; files split by the week are appended with a date, and are also split at
12:00 a.m each day. Click the ‘Append data to an existing file” button to add new
measurement data at the end of the currently defined file.

Destination

Data collected by the LI-8100A can be stored to the instrument's internal memory,
or to an optional Compact Flash card; you can log to one or the other, but not both
at the same time. Data stored to the internal memory can be transferred to a
Compact Flash card or to the PC when a measurement is not active. Note that data
files can be large, and the internal memory is limited; in most cases it is
recommended that you log to a Compact Flash card.

Measurement Start
Enter a Start time. You can start the measurement immediately or choose to begin
the measurement at a specified date and time.

Instrument Status
Opens a window that displays the current operating state of the LI-8100A.

"E Instrument Status

[mgtrument
Mame:  LI-37100

Serial Mumber:  814-101
Embedded Software; 4.0.0
IRGA Software: 2.0.2
[nput Waltage: 127
Bench Temperature; 51.5°C
Caze Temperature; 37.0 °C
Internal Storage: 11,7 MEB
Compact Flash:  Absent
Operating Hours: 46964.0

Cloze
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Click Close to close the window.

Error Log

Opens a window that displays any logged errors that occurred during a
measurement cycle. Click Clear Log to delete all messages, or Save Log to enter a
filename and save the Error Log to a text file.

& System Error Log [: §|E|

2010-04-21 14:44:40: Measurement=Test5.81%: The relative huridity has exceeded the threshold vou entered.  The observation will end.

Save Log.. Cloge

Summary Records

Opens a window that displays select records, including Curve Fit Status (linear or
exponential flux calculation), Flux values and Flux CV for each observation. Click
Previous or Next to scroll through all Summary Records.
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%)

& Observation Summary

Summaries
Meazurement: Test? 81x
Obzervation: 1
Port: 1
Label:
Tirne; 200404421 13:24
Statuz: Exp
Flu: 216
Flue CW: 13
| |
Reports

Opens the Report window, which provides a variety of ways to view selected
Observations. Choose Select Data File from the File menu, and choose the file
whose Observations you want to view.

The Observation tab displays the Observation’s data in tabular format. Choose the
Observation number using the scroll arrows (or just type it), and click View
Observation. If you do not want to view the observation header and/or the
summary records (Type 2, 3, and 4 records), disable the check box(es).
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File

Selected Fils:
Ports Uzed:

Total Observations:

Test2.81x
1
1 [First=1 Last=1]

DObservation Yiew ] Flux Camparison | Yalues by Port | Yalues by Observation |

| [ [ R R N &

W 1o B 44dd 20 172 =
File: M ame: Test2 .

Instrument Mame:  ACU401

Serial Mumber: UNEMOWHN

Software: 207

Camments:

Obst: 1

Porth: 1

Label:

Observation Length: 01:30

Pre-purge: 0000

[ m T nn-arF !
&

o : . v Include observation header
Lhsstatan !| M W Include record types 2.2.4

Close

The Flux Comparison tab allows you to plot flux values on a chart. The flux
values can be plotted for each port; e.g. you can plot fluxes of all ports
concurrently. Choose the number of flux data points to be plotted, and click Plot
Fluxes. The Max Items denotes the number of points to plot. The data plotted on
the graph are always the most recent in the file. Click Clear Chart to remove all
plots from the chart.
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= Report
File
Selected File:
Ports Used:

Total Obgeryations:

Observation View

TestZ B1x
1
1 [First=1 Last=1]

Flux Comparizon | \alues by Port | Values by Observation ]

Flux

bax Items: |20

Clear Chart

Close

Click on Values by Port to plot records by port, on left, right, and X axes. Choose
the Port (Chamber) whose records you want to plot, and then select the variable to
plot on each axis. Click Plot. To automatically scale the left and/or right axes,
click on Chart Options. Enable automatic scaling, and set the maximum and
minimum values for the axes, if desired. To view the selected Observations in
tabular format, click on View Table. Click Clear Chart to remove all data from the
chart.



File

Obszervation Yiew ]

Selected File:
Ports Used:

Total Observations:
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Test2.81x
1
1 [First=1 Last=1)

Flux Comparison  %alues by Port | Walues by Observation l

ExpFhie

A p
r'” &

/ ]z

Pif—idA A Jh &

AN f \ Y \ -\ / &
A sV AT
\/ l\/’ \,{ i ‘\J‘ 28 J b

Part: 1 =

I 1 1 1 ] 1 T 1 1 1 ] i L
353 357 361 365 369 373 377 381 385 388 383 387 401 405 408 413 417 421 425 428 433 437 441 445 448

Left Az |EH|3F|U:< LJ Chart Optiohes...

Right duis 1E:-chIu:-c Plat Wiew Table. ..
 Aia: 1Dbsewation v] Max ltems: |ED £ | Clear Chart

Close

Click on Values by Observation to plot records by observation, on left and right
axes, against elapsed time (ETime). Choose the Observation whose records you
want to plot, and then select the variable to plot on each axis. Click Plot. To
automatically scale the left and/or right axes, click on Chart Options. Enable
automatic scaling, or set the maximum and minimum values for the axes, if
desired. To view the selected Observations in tabular format, click on View Table.
Click Clear Chart to remove all data from the chart.
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File

Selected File:  Test2. 81x
Paorts Used: 1
Tatal Obzervations: 1 [First=1 Lazt=1]

DbservationWiew | Flux Comparison | Values by Part Values by Observation

T

H2O
|

[

i

» ? ] -] ) ]
] K A A X -1 0 1 2 3
ETime (s&c)

Left Awiz: FEEE"-“—LM] L}
Obsgervation: 2
Right &xis |[Tcham &I

o -
w

Chart Options...
Wiew Table...
Clear Chart

Cloze
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Utilities Menu

File Manager
Opens the File Manager dialog, where you can move files from the LI-8100A to
your computer or optional compact flash card.

= File Manager

Local PC “Internal Storage *18.0 ME Free
@' Desktop -
<[5} My Documents Eame | Size Transfer to PC
+ j by Computer Lﬁ Test2. 814 4K
+-8 My Network Flaces [ start.B1x 49K Copy to CF
@/ Recycle Bin W

Delete

Delete Al

Refrezh

W Use FTP ta transfer files to PC.

Compact Flash Card

r‘-Jame | Size Tranzfer to FC
[ start. BT« 49K SR
Delete Al

Formnat

Eject Card

Refrezh

Pt el

Size: 9772 MB Free: 5771 MB
Cloze

The Local PC window displays a directory tree of the files on your computer. The
Internal Storage window displays the LI-8100A data files currently stored on the
LI-8100A internal flash memory, and the amount of free memory available. Note
that there is an asterisk by the free memory available shown; this is a reminder that
data files stored on the LI-8100A are compressed. Therefore, the free memory
available on the LI-8100A may not be indicative of how many files can be stored
there. Files are compressed at a ratio of roughly 3:1, meaning if 15 MB of free
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space are indicated, approximately 45 MB of LI-8100A data files may be stored.
The file sizes listed in the directory list are actual size, however.

If a compact flash card is present, the Compact Flash window also shows the
amount of available memory on the card. To move files from the LI-8100A:

1. Select the file you want to transfer and select Transfer to PC or Copy to CF.
When Transfer to PC is selected, the file(s) will be transferred to the selected
destination in the Local PC area.

2. Click, drag and drop the file(s) you want to transfer.

Some useful keyboard shortcuts: Most of the common keyboard shortcuts can be
used when selecting and/or moving files in the LI-8100A directory list. For
example, press CTRL + A to select all files, Shift + click to select a range of files, or
CTRL + click to select multiple files individually. You can also "drag and drop"
selected files to the PC destination of choice, or to the Compact Flash card.

From Internal Storage...

Click the Transfer to PC button to move the highlighted file(s). When you are
finished moving files, you can delete selected files, or all files, by clicking Delete,
or Delete All, respectively. Click on Refresh to update the file list. Click Copy to
CF to move the selected files to the compact flash card. Click View File to open
the entire file in a new text window.

Files generated by the LI-8100A are denoted with a .81x file extension, and contain
all of the raw data records and summaries.

From the Compact Flash Card...

Click on Format to format the compact flash card. Note that all files on the card
will be deleted. Click the Transfer to PC button to move the highlighted file(s).
When you are finished moving files, you can delete all files by clicking Delete All.
Click View File to open the entire file in a new text window. Click Eject Card to
unmount the compact flash card, and facilitate safe removal from the instrument.
Click on Refresh to update the file list.

Manual Controls

Opens the Manual Controls dialog, where you can use manual chamber controls to
open or close the chambers, turn the LI-8100A or Multiplexer flow on or off, turn
the bellows pump off, set voltage inputs to specified ports, and perform a leak test
on the Multiplexer. Controlling the chamber flow manually is useful when
performing user calibration of the infrared gas analyzer, as described in Section 5.
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In general, the Manual Controls are used for diagnostic purposes, and are not used
when making typical measurements.

& Manual Controls rg|

Chamber lFIuw | Inputs | Leak Test |

Chamber

Cloge Chamber
Chamber Mumber:
Open Charnber

Bellows Purnp OFF Scan Ports

Cloze

Choose the chamber number that you want to manually open or close, and click
the Close Chamber or Open Chamber button. Click Scan Ports to force the
system to detect chambers connected to the system. The detected chambers are
shown in the Main window.
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X

&= Manual Controls

Chamber  Flow l Inputs l Leak Testl

LI-8100 GazPort

Gasz Port; Set

2100 Flow OFF

[ Gt |

kultipleser
L Flows O

b Flow OFF

i

Cloze

The Flow tab contains controls for turning the flow rate on or off for both the
LI-8T00A and LI-8150. Flow to the individual ports can be turned on or off by
choosing the Gas Port whose flow you want to turn on or off, and clicking Set.
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&= Manual Controls f‘5__<

Ehamber] Flow  Inputs ]Leak Test]

[nputs
Input Port
v, B |2
W3 2 | &
W 2 | &
Set

Cloze

The Inputs tab allows you to manually set the voltage input that is displayed on the
Main page, and on the LI-8150 control panel. Choose the voltage input (V2, V3, or
V4) and the gas port containing the sensor whose voltage output you want to
monitor, and click Set. For example, if you have a soil temperature probe
connected to a chamber at Port 9, and it is connected to voltage input V3, choose
Port 9 at Input V3; the voltage output from that probe is displayed in the Main
window (if V3 is defined as one of the variables displayed there) and on the
LI-8150 control panel at V3.
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& Manual Controls

X

Chaml:uer] Flawy ] Inputs  Leak Test l

w| 8100 bo Mux v| Port B v Port 12

v| Paort 1 v| Part 7 vl Port 13 Select Al
v| Port 2 v Port 14

| Port 3 | Port 3 v Port 15 Select Mone
| Part 4 v Part 10 v Part 16

v Port 5 v| Part 11

Purge Part:

Pt 0 1 2 2 4 5 B 7 8 9 10 11 12 13 14 15 16
Test Result JOQRKKKK‘KKKKKK“K
f -Pass Status:

@ -Fai Last Test: 2010/04/21 1335

@ -InQueue

¥ -Canceled Run Test ‘
= - Mot Tested

Cloze

Information on how to perform a Leak Test can be found earlier in this section at
Performing a Leak Test.

Calibration
Select Calibration to open the Calibration window. This is the area in which you
set the zero and span of the infrared gas analyzer in LI-8100A Analyzer Control

Unit. Step-by-step instructions for performing user calibrations are given in Section
5.
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= Calibration §|

l Span ] Span2| Dptiansl D:nefficientsl Manual]
Zero COZ
COZ2 last zeroed on:~ 2010/01/06 16:00

Zemo CO2

!

Zem H20
H20 lazt zeroed on: 2010401406 16:00

Zero H20

d

Cloze

The calibration functions for both CO; and H,O correct for pressure fluctuations

that may be present. To disable this correction, click on the Options tab and
uncheck the ‘Enable Pressure Compensation’ check box.

The LI-8100A uses a rectangular hyperbola for the CO; calibration, and a third
order polynomial for H,O calibration. The Coefficients page displays these
factory-determined calibration coefficients, as well as those for band broadening

and cross sensitivity. These coefficients are fixed at the factory, and are present on
the calibration sheet included with the instrument.

The calibration constants for CO, and H,O zero and span calibrations are found
on the Manual page. These constants are stored to a file on the computer by
clicking on Save Values. Click Load Values to restore the values in this window
using the file on the PC. If new constants are entered in this window, click Apply
to send the values to the LI-8100A for implementation; the constants are not
automatically saved to the computer until you choose Save Constants.
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Charting

Select Charting to open the Charting window (below). This is the window in
which you can set up the parameters for plotting your real-time data. Two charts
can be plotted simultaneously, using Y axes on either side of the chart.

& Charting

_ 580 1,500 _
=l - =]
£ 500 1400 £
] 1300 ©
5' e 1,200 5
(] ¥ o4
400+
a b 100 £
o L b o L L AL A A A M L 1 10 R L
0 2 4 6 8101214 1618 20 22 24 26 25 30 32 34 36 35 40 42 44 46 48 50 52 54 56 55 60
e Time (sec) =
Senes 1 Rl Series 2
Log W alue: ]CD2 [malmal) ﬂ Hebygiz Maw; |60 Lag Walue: |CE|2[|.Lm0I£moI] Li
itz s [ Auto Scale
(¢ Seconds

iz Maw: (1000
‘tyris Min: |0

Save Chart... ‘ Print Chart... ‘ ’ Start | by I

Series 1

The Series 1 options are used to plot a chart with the Y axis on the left side of the
chart. Choose the value to be logged, and set the maximum and minimum values
for the Y axis, or enable the ‘Auto Scale’ check box to allow the Y axis to scale
automatically to keep the data from running off of the chart.

Series 2

The Series 2 options are used to plot a chart with the Y axis on the right side of the
chart. Choose the value to be logged, and set the maximum and minimum values
for the Y axis, or enable the ‘Auto Scale’ check box to allow the Y axis to scale
automatically to keep the data from running off of the chart.

X-Axis Max
Sets the maximum value for the X axis (Time). The units for the X axis can be
seconds or minutes.
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Press Start at any time to view the chart layout and begin displaying data. Note
that you must press Stop to make changes to the chart parameters, and then press
Start again to resume data display. Click on Save Chart to save the plot as
currently displayed in the window to a .bmp file. Click Print Chart to print the
currently displayed plot to your printer.

PC Data Logging

Opens the Local Data Logging dialog, where you can configure the real-time data
output options for collecting selected data records on your computer. By default,
log files are denoted with a .txt file extension.

= Local Data Logging ﬁ|

Data Yalues Field Delimiter

iTime & Tah
CO2 [pmaolfmal] )

CO2 Dy [maldmal] i Semicalon
CO2 abszorption
H20 [mrnal/mal]
H20 absorption

P P =
Bnraerf:ﬁr'?émpa[]‘f] Log data once every zecond(z).

Chamber Temp ["C]
Caze Temp [*C)

Log Frequency

10z Flux
RH (%] Caontralz
‘-;"'Iza‘Mw Flow Start

['Cl Q
['Cl

Win [woltz)
Raw COZ
Fiaw CO2 Ref Mark D ata

Raw H20
Raw H20 Ref Select Al Q
Select Nohe |

AR N A N A A L VA L A A A VLA A A YA Y

(]9 | Cancel

Choose the frequency at which to log data (seconds), and the delimiter for the data
fields (tab or semicolon character). Use the Controls buttons to manually start or
stop data logging, independent of any measurement protocol that is currently
defined. You are prompted for a file name and destination for the log file. After
the Start button is pressed and data logging begins, you can enter comments in the
Mark Data field and click the Mark Data button to insert the comment into the data
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file. For example, if you observed an anomaly while logging data and want to
make note of the time of its occurrence, you could enter a comment and insert it
into the log file for later reference.

The data values that can be output are as follows:

Label
Time

CO2 (umol/mol)
CO2 Dry (umol/mol)

CO2 absorption
H20O (mmol/mol)

H20O absorption

Pressure (kPa)

Bench Temp (°C)
Chamber Temp (°C)

Case Temp (°C)

10s Flux
RH (%)
V1/Mux Flow

V2

V3

V4

Vin (volts)
Raw CO2
Raw CO2 Ref

Raw H20
Raw H20O Ref

Description
Instrument time.

Chamber CO; concentration in ymol/mol.
Chamber CO, concentration, corrected for water
vapor dilution.

Absorption of photons in the optical bench due to
the presence of CO,.

Chamber water vapor concentration, in
mmol/mol.

Absorption of photons in the optical bench due to
the presence of water vapor.

Atmospheric pressure in the optical bench.
Temperature of the optical bench.

Air temperature inside the soil chamber during an
active measurement (if no measurement is active,
displays Multiplexer case temperature).

Air temperature inside the Analyzer Control Unit
case.

Ten second running estimate of soil CO, flux rate.
Relative humidity inside the soil chamber.
Output at voltage channel 1 (multiplexer flow to
LI-8100A when attached).

Output at voltage channel 2.

Output at voltage channel 3.

Output at voltage channel 4.

Input (battery) voltage.

CO, raw signal.

A measure of the optical amplitude of the CO,
channel, primarily for diagnostic purposes.

H,O raw signal.

A measure of the optical amplitude of the H,O
channel, primarily for diagnostic purposes.
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XML Monitor

The configuration grammar used to communicate with the LI-8100A is based upon
a subset of XML (eXtensible Markup Language). XML relies on the use of tags to
“Markup” or give structural rules to a set of data. The XML Monitor window is
primarily a diagnostic tool that displays real-time XML communication; a
command line field is present that allows the user to send an XML command to the
LI-8100A for implemenation. This can be useful for diagnosing problems, as a
LI-COR technician can gauge the instrument’s response to given commands, and
determine if the instrument is functioning properly.

= XML Monitor

<SH:<DATAX<TIME> 2100421162009 /TIME > < CO2:1507. 75 /C0O2: <« CPRIME »1538.87 < /CPRIME » <« COZ2B5:0.15436
CACO28BS5:<H20>24 117 /H20»<H204B5>0 07338« /H204B5»<BENCHPRESSURE » 99,93« /BENCHPRESSURE = <B
EMCHTEMP:51.65: /BEMCHTEMP: <CHAMBERTEMP: 27 B3< /CHAMBER TEMP> <BOARDTEMP: 35.04< /BOARDTEMP
FeWIME12. 61 AN > « R CO2Z: 2660985 /RdwCO 2: < RaWCO2REF - 3634158 /RAWCOZ2REF: <RaMW/H20 - 2001157 </
RwafH 20 < RddwH 20REF: 18681 25< /A& HZ0REF = < FLUS> 1. 4 AFLLE: <AH> 7. 75 ARH MW 2 00 AT 2 W2 0. 024 A2
O 002400 3 A 00280 A0 8 « T 0/ T < T2 0 T 25 ¢ T3 0 /T3 < T4 00/T 43 «/DAT A /SR> < CRC> 7A0570361 <
/CRC

Cornmand:

Cloze
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8100 Menu

Instrument Settings

You can enter a name for the instrument, decide how to proceed after a chamber
error or instrument restart occurs, choose default values for IRGA and Multiplexer
volumes, and choose the time interval (in seconds) over which to average the IRGA
readings in this window.

& Instrument Settings

Instrument Yiolumes

Instrument Mame: I.-’-‘«ELI4D'I IRGA Yalume [crf) (19
Mux Wolume [one]: ’557

I eazurement S ettings

Iv Continue meazurement after a chamber error occurs IRGA

2
v|

[v Resurne measurement on instrument restart, IRGA Averaging [sec) !4

] 4 | Apply | Cancel

The instrument name is a user-entered name; enter a maximum of 30 characters.
The instrument name is used to identify data from multiple instruments; when
logging data to a compact flash card, a directory is created with the instrument
name under which to store the data.

The Measurement Settings determine whether or not the measurement will
continue after a chamber error (e.g. the chamber fails to close because of an
obstruction) occurs, and whether to resume a measurement after an instrument
restart, as can occur from a power failure or a low battery condition.

The Volumes are used as default values for the IRGA in the LI-8100A, and the
tubing in the LI-8150 Multiplexer. In most cases these values should not be
changed. Default values are 19 cm’ for the IRGA volume, and 55 cm’ for the
Multiplexer volume.

The IRGA Averaging setting controls the amount of averaging that is done to CO,
and H,O signals from the IRGA. The IRGA is sampled at 2Hz. With 4 second
IRGA Averaging (the default recommended setting) 8 data points will go into any
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value of CO, or H,O. As data stream in, earlier data are dropped from the
average. The minimum is 1 second and the maximum is 20 seconds.

Click on Apply to send these values to the LI-8100A for implementation.

Networking

The LI-8100A can be connected to a PC or PDA via a wireless or wired network if
desired. The Remote Network Setup window allows you to configure networking
options for the LI-8 100A.

& Remote Network Setup §|

Address

P Address:

MNetmask: |255.255.0.0
[3 ateway:

MaC Addrezs; 00:C018:08:45:93

Wirelesz Options

Connection Type: |F"eer-tu:u-F'eer [ad-hoc] j

Metwark Mame (SSID]. |5 ail Network 1

Channel:

[ Enable Data Encyption (wWEP]

—
—

Set Cancel

Connecting to the LI-8100A on a Wireless Network

The LI-8100A is preconfigured for a peer-to-peer (ad-hoc) wireless 802.11b
network. An ad-hoc, or peer-to-peer network typically consists of a small number
of devices, each equipped with a wireless network interface card. Each device can
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communicate directly with all of the other network devices on the peer-to-peer
network. These devices can share information, but are not able to access resources
outside of the peer-to-peer network. A peer-to-peer network allows the LI-8100A to
connect to other devices (e.g. the computer or PDA) directly, without a separate
server or access point (below).

Computer

iPod Touch

Figure 10-17. On an Ad-hoc network, each device can communicate with other wireless
enabled devices.

The LI-8100A can also be connected to a specific hardware access point. For
example, this can be a wireless router/switch, or it can be a Software Access Point
that runs on a computer equipped with a wireless network interface card. Note that
even with an access point present, only one client (PC or PDA) can talk to an
LI-8100A at a time.
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Connecting to the LI-8100 on a wired network

The LI-8100A also has the ability to support a wired network interface card.
However, the instrument cannot support both a wired and wireless Ethernet card
simultaneously. The wired network can also be setup as a peer-to-peer network,
but in this case, the network devices connect to each other with a hub or a switch.

Computer

File Server

_ eri

a—
Rinky
van
e
LAt -_
el .

LI-8100A #1
iPod Touch

Figure 10-18. A hardware access point can be used to bridge wireless and wired network
devices.

Network Setup
In order to communicate with other devices on any type of network, the LI-8100A
must be given a unique IP address, netmask, and gateway. Additionally, if
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communicating on a wireless network, the connection type, network name,
channel and data encryption options can be set.

The IP address is a number that uniquely identifies each node on the network. The
address is composed of a set of four numbers called "octets", where each octet
ranges in value from 0 to 255. When entering an IP address, the octets are
separated with a period. For example, 192.168.100.2 is a valid IP address.

Some IP address ranges have been set aside for private use, and are typically used
by organizations for internal networks. For a peer-to-peer network, LI-COR
recommends choosing an IP address from the private range 192.168.100.0 to
192.168.100.255. In this range, the first 3 octets, which represent the network
address, are fixed at 192.168.100. The last octet, which represents the host
address, must be different for each node on the network. For simplicity, you can
number your first device 192.168.100.1, your second device 192.168.100.2, and
so on.

For example, suppose you have two LI-8100As, a computer, and a handheld
device (Figure 10-17). You could assign the following IP addresses to each device
(ad-hoc):

LI-8TO0A #1: 192.168.100.1
LI-8TO0A #2: 192.168.100.2
Computer: 192.168.100.3
PDA: 192.168.100.4

The netmask is a set of 4 octets used to separate an IP address into two parts; the
network address and the host address. If you are using LI-COR's recommended IP
address range, the netmask should be set to 255.255.255.0.

The Gateway is a node that routes traffic to another network (for ad-hoc
configurations, leave this blank).

The LI-8100A only uses static IP addresses. Therefore, when connecting to an
existing network make sure you choose an IP address that is unique and in the
range of addresses supported by that network or contact the network administrator
to get a static IP address assigned.

Wireless Options
The Wireless Options are inherent to 802.11 networks. The network is given a
name, a frequency, and optional encryption keys.
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The network name, or SSID (Service Set Identifier), is a name given to a wireless
local-area network (WLAN). Each device that needs to communicate must have
the same SSID. The LI-8100A supports a network name of up to 30 characters.

A range of radio frequencies between 2.4 and 2.5 GHz have been designated for
public use in most countries. The channel refers to a specific portion of the total
frequency range that is given to a device for communication. The LI-8100A
supports channels 1 to 11. Choose an appropriate channel for the country where
the instrument will be located.

Country Available Channels
Europe 1-13

France 10-13

Spain 10-11

North America | 1-11

Japan 1-14

WEP (Wired Equivalent Policy) is an encryption standard built into 802.11b, and is
supported by the LI-8100A. If data encryption is enabled, the same 40-bit (5
character) key must be entered on all devices of the WLAN. The key is used for
data encryption and decryption.

Date and Time
Sets the clock in the LI-8100A.

= Remote Date and Time

Date: |EI/04/27 — Time: |16:32:33 =

A ADD HH:MM:55

] Cancel |

Click on year, month, or day field to highlight the text, and use the up or down
arrow buttons to increase or decrease the numbers. Alternatively, highlight the
desired field and type in the new number.

Click on the hour, minutes, or seconds field and use the up or down arrow buttons
to adjust the time. The clock is a 24-hour clock; i.e., 13:00:00 is 1:00 p.m.
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Click OK to dismiss the dialog and accept the change(s).

Outputs

Opens the Outputs dialog, where you can configure the raw data values that are
sent by the instrument via the RS-232 port, or via the Ethernet card. This is
primarily used when capturing raw data values with an external data logging
device. Note that these values are simply sent as a data stream; data are not
parsed, nor is header information included, as when using the PC Data Logging

options.

= Outputs

< R R s K]

R5232 | Ethernet |

R5232 Output

Time

| CO2 [prnoldmol]
| COZ Dy (ool o]

C0Z2 abzorption
HZ20 [mmol/mol]
HZ20 absorption
Preszure [kPa)
Bench Temp [*C]
Chamber Temp [°C)

| Caze Temp [*C]

10z Flus
FH [%]

Output data every |1 2 | second(z)

[ Remowve #hL from data.
v A&dd CRC to data.

L

| Wb Flow

| Win [woltz]
Raw IRGA Outputs

Select Al

Select Mone

Cancel

=

.................................
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Choose the raw data values to be sent to the RS-232 port and output frequency
(seconds). Note that when the LI-8100A outputs data, each field is "marked up"
using eXtensible Markup Language (XML) to delimit that field. For example, when
a CO, value is output, the data value is placed between two "tags" that describe

what that value is, as in:
<C02>350.21</CO2>

Enable the 'Remove XML from data' check box to remove the markup from the
data stream. The resulting data set is a data stream where each data field is
separated by a space.

CRC (Cyclic Redundancy Check) is an algorithm that is used to verify the integrity
of the data. Before each data packet is sent by the LI-8100A, a CRC is calculated
(pre-transmission) for that packet, and then appended to the packet. When the
client (e.g. the computer) receives the packet, it strips off the appended CRC and
calculates its own CRC (post transmission). If the two CRC values match, it is
assumed that the packet was transmitted correctly. When CRC values are
appended to the data packet, the value is automatically marked up. A typical CRC
will appear as

<CRC>3067450353</CRC>
Disable the 'Add CRC to data' check box to remove CRC from the data.

Click on the RS-232 or Ethernet tabs to configure data values to be output over that
channel. You can configure either channel while connected to that channel;
however, changes will not take effect until you disconnect.

Help
Opens the on-line help index, where you can choose help topics related to the
Windows application software.

About

Displays the current LI-8100A Windows software version number and contact
information for LI-COR.
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= About LI-B100

LI-8100 Automated Soil CO2 Flux System

Software Wersion 4.0.0k
Copyright® 2071, L-COR, Inc.

Contact LI-COR Biosciences:

Phone:  S00.447.3576
402.467. 3576

Emaill  envsales@licor.com
wieb:  http: i licor.corm

Thiz prograrm and the inztrument it connects to make uze of software that iz licensed under
the GPL and LGPL Open Source icenses. Source code can be found on the
accormpanying COROM
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Using the LI-8100APP for Apple iOS

Locate the LI-8100A program icon and tap the icon to start the program. There are
six menus on the LI-8T00APP main page; Connect, Setup, View, Ultilities, 8100,
and Help. Tap Connect to view a list of instruments to which you can connect.

LI-8100

LI-8100A

Soil Flux System

Connect
Setup
View

Utilities

8100

L Help

L]

Accessing On-line Help

There are two ways to obtain on-line help. Tap the Help menu and choose
Indicators to see a list of the indicators that may appear on the PDA screen when
using the LI-8100A application. For example, if the @ indicator is visible on-
screen, it indicates that an active measurement is in progress. You can also tap on
the indicator itself to bring up a description.

Descriptions of most terms used in the LI-8 100A application can be viewed by
tapping on the text of the term for which you want to view help. For example,
tapping the Dead Band term in the Measurement Protocol screen brings up the
following term description:
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sewp  Measurement Protocol

{ Measurement Type: CHAMBER

L e anciiin il
Term Description
Dead Band:

User entered estimate of the time
interval required to ensure steady
mixing in the chamber

e—ETT———T

' Additional Log Fields: ALL

The Setup Menu

Measurement Preset

Opens the Measurement Preset page, where you can define up to 19 different
configurations containing measurement setup parameters. These parameters can
be saved and recalled for later use, without the need to redefine experimental
parameters before each experiment. For example, individual parameters for
different types of soil chambers can be defined (e.g. 10 cm and 20 cm survey
chambers), and saved as unique measurement presets; switching between
chambers can then be easily done by simply loading the appropriate preset and
starting the measurement.

Each preset contains the experimental parameters defined on the Measurement
Protocol page, as well as the Area, Volumes and Flow Rate, Start Measurement,
and Instrument Settings pages.
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sewp Measurement Preset

tasi_ineasuremeint

Load | | Save Current | | Delete |

By default, the presets are unnamed until they are saved with a new name. When
the experimental parameters have been defined, tap Save Current to name the
preset. Select a different preset by scrolling to the desired preset name, and tap
Load to activate that preset’s predefined parameters. Tap Delete to remove the
active preset.

Measurement Protocol
Opens the Measurement Protocol page, where you can set the parameters for
making a soil CO; flux measurement.
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After you have defined a measurement
protocol for a single port, you can copy

setwp Measurement Protocol that configuration to as many other ports
as desired. After you have defined the
| Copy Ports parameters in this window, tap Copy
Ports, and then enable the other ports to
Port: which you want to copy that definition.

Chamber Offset: 0 em

copy =evp - Select Ports To Copy

Porl i

Treatment Label: This is...label

Obs. Length: 00:01:30

Dead Band: 30 seconds

Pre-Purge: 00:00:30

<Copy To> Port 2

Post-Purge: 0 seconds

Copy Ta Den't Copy Te

Additional Log Fields: ALL

Copy Te All Copy Te Nene

Send Update

Choose the Port whose definition you want to copy (#1 in the example above).
Enable the ports to copy to individually, or tap Copy to All to enable all other ports.
Note that if the Chamber Offsets and/or Treatment Labels vary between soil collars,
you will need to enter them individually. Tap Send Update to copy the port
settings.

Chamber Offset

The Chamber Offset is the distance (in cm) between the soil surface and the top of
the soil collar, and is dependent upon the depth that the collar is inserted into the
ground (discussed in Section 2, Initial Setup). The soil CO; flux measurement
requires an accurate estimate of the Total System Volume. The LI-8100A software
uses the Chamber Offset and the Soil Area values to calculate the volume of air
inside of the soil collar. This value is, in turn, added to the Chamber Volume,
Multiplex Volume and Extension Tube Volume (if present) to obtain the Total
Volume. Measuring the Chamber Offset is described in Section 2, Using Soil
Collars.

Treatment Label
The Treatment Label can be up to 30 characters in length; it can be prompted for
and is included in the data record.
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Observation Length

The Observation Length is the time period from the instant the chamber is closed
until just before it begins to open again, and includes the specified Dead Band
period. At low to moderate CO, fluxes an Observation Length of 90 to 120

seconds is usually adequate.

protocol Set Observation Length

Hours Minutes Seconds

M-"' End Observation at:

0% e— T 100%
50 % RH

Send Update

Note that the LI-8100A starts logging data when the chamber is actuated and starts
to close. Raw, or Type 1 records are recorded throughout the entire observation
period. The Elapsed Time (labeled etime on the data output) does not increment,
however, until the chamber is closed. While the chamber is closing, etime is set to
-1 for all records collected.

Enable 'End Observation at' and enter a relative humidity value, if desired. The
observation will abort if the measured relative humidity in the chamber exceeds
this value at any time during the measurement. If the observation is aborted, a
message is placed in the log file, and the measurement will continue at the next
observation.

Dead Band
The Dead Band is the time period that starts when the chamber closes and
continues until steady mixing is established and the measurement begins. The
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Dead Band requirement changes depending upon the chamber geometry, system
flow rate, and collar and site characteristics. Testing at LI-COR has indicated that a
Dead Band between 10 and 60 seconds generally provides for adequate mixing
(30 seconds is a good starting point if you are new to the system). There may be
conditions, however, where a longer Dead Band is required. Note, too, that
collected data can be recomputed using longer (or shorter) Dead Bands with the
LI-8T00A File Viewer program (if Raw records are collected).

Tap Maximum Time to set the Dead Band
: : to the maximum time of 999 seconds, or
protocol  Set Dead Band Minimum Time to set the Dead Band to
the minimum time of 0 seconds.

Wait for: ' - Seconds

Maximum Time | Minimum Time

Send Update

Pre-purge

When making repeated observations, a delay is required to allow the chamber air
to return to ambient conditions before beginning the next observation cycle. This
delay is referred to as the Pre-purge.
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Protocol Set Pre-Purge Time

Hours Minutes Seconds

Send Update

Post-purge

The Post-purge is the amount of time during which air continues to flow through
the chamber as it begins to open, after the Observation is complete. This is
important in certain cases where environmental factors may influence the amount
of CO, or moisture that is present in the gas sampling lines. For example, in hot,
moist conditions, you may want to increase the Post-purge to ensure that the gas
sampling lines are purged of moisture that may condense in the lines, before the
next measurement using that chamber is started. In most cases, a Post-purge of
about 45 seconds is adequate.

When an observation is complete, the chamber will automatically rise up off of the
soil collar. If a Post-purge is designated, air will continue to flow through the port
whose Observation has just completed (post-purge). After the Post-purge has
finished, air flow switches to the next port in the sequence for the Pre-purge.



CO, Concentration (umol/mol)

Chamber
Is Open
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Chamber : : : : Chamber : Chamber
Closes : : i<————— Opens : Closes

i<— Observation Length -

Summary
Records
: Logged : '
i Dead ! Data Post- | ! Dead Data
: Logged purge ! : i Band ! Logged
~<~— Pre-purge —>! : Pre-purge : 1
(optional) Range for . (optional)
i ~<——Summary —>-{ B
H ! : Records H : :
j———— Observation #1 ———| j———— Observation #2 ————|

} Measurement
(includes n observations)

Additional Log Fields

Tap on Additional Log Fields to choose the values to be logged to memory. Data
collected by the LI-8100A can be stored to the instrument's internal memory, or to
an optional Compact Flash card.

Data stored to the internal memory can be transferred to a Compact Flash card or
to the PC at any time.

Enable the Perform Flux Computations check box to automatically compute the
flux rate after each measurement.
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Tap Log to enable the selected data
—_— value; a <Log> notation is placed in

Protocol - Select Fields to Log: front of the data value. Tap Don’t Log
| — | to disable the selected data value.

Tap Log All to enable all data values,
or Log None to disable all data values.

<Log> Case iempeialuie

'<Log> H20 ABS Tap Send Update to send the selected
data fields to the LI-8100A for
implementation.

Don't Log

Send Update

The additional data values that can be logged are as follows:

Label Description

Case Temperature (°C)  Air temperature inside the Analyzer Control Unit case.

H20 ABS Absorption of photons in the optical bench due to the
presence of water vapor.

CO2 ABS Absorption of photons in the optical bench due to the
presence of CO,.

Volts In Input (battery) voltage.

RH% Relative humidity inside the soil chamber.

Raw CO, raw signal.

Hour Time of day.

DOY Day of the year.

V1 Aux Input at voltage channel 1 (soil moisture).

V2 Aux Input at voltage channel 2 (soil moisture).

V3 Aux Input at voltage channel 3 (soil moisture).

V4 Aux Input at voltage channel 4 (soil moisture).

T1 Aux Input at thermocouple channel 1, in degrees C.

T2 Aux Input at thermocouple channel 2, in degrees C.

T3 Aux Input at thermocouple channel 3, in degrees C.

T4 Aux Input at thermocouple channel 4, in degrees C.

Flux Computation Automatically computes flux rate after each measurement.

GPS Latitude Decimal degrees, hemisphere (+) north or (-) south
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GPS Longitude Decimal degrees, hemisphere (+) east or (-) west
GPS Status A = Valid position, V = NAV receiver warning
Speed Speed over ground, 0000.0 to 1851.8 km/h

GPS Course True course over ground, 000.0 to 359.9 degrees

Area and Volumes

Opens the Area and Volumes page, where you can set the chamber offset, and
choose the default soil area and chamber volume values, which determine the total
system volume of air.

The IRGA Volume and Total Volume
values are computed and displayed after

sewp  Area and Volumes the Chamber Offset, Soil Area, Chamber
Volume, and Extension Tube Volume
gy Paite values are entered.

Port:

copy setwp - Select Ports To Copy

Copy Port: 1

rFori i

Chamber Offset: 0 cm

Soil Area: 317.8 cm?

C ¢ Chamber Volume: 4073.5 cm?

Ext. Tube Volume: 0 cm?

IRGA Volume: 19.0 cm?

<Copy To> Port 2

Multiplex Volume: 100 cm?

Copy To Don't Copy To

Total Volume: 4092.5 cm?®

Copy To All Copy To None

Send Update

After you have defined a measurement protocol for a single port, you can copy that
configuration to as many other ports as desired. After you have defined the
parameters in this window, tap Copy Ports, and then enable the other ports to
which you want to copy that definition.

Choose the Source Port whose definition you want to copy. Enable the ports to
copy to individually, or tap Copy to All to enable all other ports. Note that if the
Chamber Offsets and/or Treatment Labels vary between soil collars, you will need
to enter them individually. Tap Send Update to copy the port settings.
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Chamber Offset

The Chamber Offset is the distance (in cm) between the soil surface and the top of
the soil collar, and is dependent upon the depth that the collar is inserted into the
ground (discussed in Section 2, Initial Setup). The soil CO; flux measurement
requires an accurate estimate of the Total System Volume. The LI-8100A software
uses the Chamber Offset and the Soil Area values to calculate the volume of air
inside of the soil collar. This value is, in turn, added to the Chamber Volume,
Multiplex Volume and Extension Tube Volume (if present) to obtain the Total
Volume. Measuring the Chamber Offset is described in Section 2, Using Soil
Collars.

If you measured the Chamber Offset
e ——— in inches, remember to multiply by
area&vols Enter Chamber Offset 2.54 to convert the value to cm.

Send Update

Soil Area
The Soil Area is the surface area of soil encompassed by the soil collar. Select the
20 cm collar; the soil area is calculated automatically and is shown in the window.
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area&vois Enter Soil Area

Select Default LI-COR Collar:

or enter a specific value directly:

837 cm?

Send Update

Alternatively, if you are using a collar of your own making, you can enter the soil
area (in cm?) manually.

Chamber Volume

The Chamber Volume is the volume of air within the soil chamber. Tap on the
arrow next to Select and choose the chamber connected to the instrument. Choose
Long-term 101 for the 8100-101 Long-Term Chamber, Long-term 104 for the 8100-
104 Long-Term chamber, or Long-term 104C for the 8100-104C Long-Term
Chamber; the chamber volume (cm?) is calculated automatically and is shown in
the window. If you choose Custom Chamber, you will be required to manually
enter the chamber volume. Choose Instrument Settings to view the volume
currently active in the intrument.

Chamber temperature is measured at the chamber during normal operation. For
other applications, however, such as when using the LI-8150 to make flask
measurements, you may want to use an external thermistor to measure temperature
inside the flask. In this case, the thermistor would be connected to the Auxiliary
Sensor Interface, and measured on one of Auxiliary (Voltage) channels 1-4. Under
‘Chamber Temperature mapped to:” choose Chamber during normal operation with
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LI-COR soil chambers, or choose the Auxiliary channel to which an external
thermistor is connected.

Note that all LI-COR soil chambers provide an electronic signal when the chamber
is closed; if you have constructed a custom chamber for use with the LI-8100A that
does not provide an electronic “closed” signal, make sure that the ‘Chamber signals
“Closed” is not selected. This is important, for example, when calibrating the
instrument, as the signal provided automatically closes the chamber before the
calibration begins.

area& vois Enter Chamber Vol.

20 cm Survey Chamber - 103

L-ierim Chamber - 101

L-term Chamber - 104

Chamber Temp: Chamber

M' ) Chamber signals "Closed"

Send Update

Extension Tube Volume

The Chamber Volume value is entered automatically when a LI-COR chamber is
chosen from the Chamber pull-down menu. Enter the Soil Area and Extension
Tube Volumes. If you are not using a chamber extension tube, enter zero for the
Extension Tube Volume value.
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areazvois Set Extension Tube...

cm?

Set To Default LI-COR Tube Extension

Send Update

Start Measurement

Opens the Start Measurement page, where you can enter the File Name and
optional Comments, as well as the Port Sequence, location at which the data are
stored, Start Time, and number of times to repeat the measurement.
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The File Name can be up to 30
characters in length. The

S STl strement Comments can be up to 100
characters in length.

File Name: test 2 Comments are included in the data
file header.

Comments: Mux test 2
Port Sequence: 1

Log To: Internal Flash

Start At: 2011-09-07 13:50

Repeat Seq. : 00:30 x 5

Sequence Time Total Time
10:23:59:59 20:23:59:59

Measurement:

Enter a File Name (below) and optional Comments.
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start Meas. Enter File Name

File name:

File Type:

Split Append

Create a Standard File

Send Update

Port Sequence

Enable ‘Standard’ to create a single
file that is not split and/or
appended.

You can create a new file every
Day or Week (Split); note that you
must first enable the Repeat
Measurement field (below) to use
this function.

Enable 'Append’ to add new data
at the end of an existing file.

When the chambers are connected properly, they will be detected in software, and

shown here.
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sartmeas.  Set Port Sequence

Re-detect Connected Chamheré.
Detected Chambers:
1,23
Port Sequence:

1

Format: #.##.#....
Where # is an integer value

between 1 and 16

Send Update

In the example above, chambers were detected on ports 1-3. Chambers can be
sampled in any desired sequence, using the Port Sequence entry field. Enter the
desired order in the Port Sequence field manually (ports separated by commas, no
spaces). Tap Send Update when finished.

The Repeat Sequence page allows you to repeat the defined protocol at a regular
clock interval. These functions are particularly useful when making long term,
unattended measurements.
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start Meas. Set Meas. Repeat:

@ ) indefinitely (Max Times)

Every:

U hours |

1

For ) Times

M" | Flow Off Between Repeats

Send Update

For example, you could specify a 90 second Obs. Length, 45 second Deadband,
Pre-purge of 2 minutes, and Obs. Count of 3. This protocol could then be repeated
every hour for 240 hours (10 days). The resulting data set would include 240
measurements, with each measurement consisting of three 90-second observations
on the chosen port. The maximum number of repeats is 12000 (Indefinitely (Max
Times) button).

You can elect to turn off the multiplexer pump between repeated measurements to
conserve power and extend the life of the pump, by enabling ‘Flow Off Between
Repeats’.

Choose a location (Internal Flash or Compact Flash Card) to which to log data; note
that data files created with the Multiplexer can become quite large. For this reason,
we recommend that you log to Compact Flash, as the internal memory is limited.
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Start Meas. Log Data To:

L CTOETNSES I Compact Flash |

Send Update

Enter the Start Time; you can choose to start the measurement immediately (‘now'),
or at a defined date and time.
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startMeas. Set Start Time:

WedJun 20| 3 |28

Send Update |

Tap Start to begin the measurement.



Using the LI-8150 Multiplexer 10-97

The View Menu

Instrument Status
Opens the Instrument Status page, where you can view the current operating state
of the LI-8100A.

The Instrument Status page displays the
user-entered instrument name and serial
number, the instrument software version,
Name: Test input (battery) voltage, IRGA bench

Serial #81A-001 temperature, available memory in the
s S instrument, whether or not the compact
flash card is present, and the number of
accumulated hours of instrument
operation, the current date and time, and
whether or not the optional GPS unit

ARl AR e (8100-405) is attached.
Compact Flash:1000 (1000)

view Instrument Status

IRGA S/W:2.0.2

Input Voltage: 10

Bench Temp:7

On Time Hours:2400

Date and Time:2011-09-27 15:05:00
GPS Unit:Not Attached

Monitor Page
Opens a page where you can view real-time values of selected instrument outputs.

view Monitor

°C (Bench)

°C (Ch)

i Q
o) L

°C (Case)

Vialbmma T
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Summary Page
Opens a page whe

Multiplexer

re you can view the summary records for the most recent

measurement. Note that in normal operation the Summary Page will switch to the
Monitor page when a new measurement is started; enable ‘Hold on This Page’ to
retain the Summary Page on the display when a new measurement starts.

View Su

mmary

Hold on This Page: (

Record: 0O + || -

Clear Cache |

Instrument is IDLE

Meas. Name

Port Number:
Obs. Number:
Label:

Time:

Curve Fit Status:
Flux:

Flux CV:

: Test

]

4

T2

2012-03-038 12:12:12
Lin

0.39

0.001

A timer that displays the time remaining until the next defined measurement is also
shown on the Summary Page. The Summary Values that can be monitored on this
page are as follows:

Label

Meas. Name
Port Number
Obs. Number
Label

Time

Curve Fit Status
Flux

Flux CV

Description
Measurement name.

Gas port from which the Summary Record was generated.
Current observation number.

Treatment label for current observation.

Time in HH:MM:SS.

Linear or exponential flux calculation

Ten second running estimate of soil CO, flux rate.

CV of flux (Exponential fit).
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The Utilities Menu

The Utilities menu has file and/or storage options for existing data files, options for
manually controlling air flow through the system and opening and closing the soil
chambers, as well as calibration functions.

L8100 Utilities

File Copy/Remove (Internal)
File Remove/Format (CF)
File Digest View (Internal)
File Digest View (CF)
Storage Operations

Manual Controls

Calibration

Tap File Copy/Remove (Internal) to copy and/or delete selected files from the
LI-8T100A internal memory. Tap File Remove/Format (CF) to format or delete
selected files from the compact flash card.

Tap File Digest View (Internal) to display a list of files on the LI-8100A internal
memory, or File Digest View (CF) to display a list of the files on the Compact Flash
card. You can select a file from the list, and view the data from each observation
associated with that file.
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uiities  File Digest View (Int)
e —

0D-1.81X (6.4 K)

| Select File To View Content Digest

Tap Select File To View Content Digest to open the selected file. The
Observation Digest Viewer appears.
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newFie File Contents (Int)

File Name: ob-1.81x
Obs. Range: (null) - (null)
Current Obs: | 1

Retrieve Observation Content

The range of Observations is shown; enter the number of the observation that you
want to view, and tap Retrieve Observation Content to view the contents of the
selected Observation.

Tap Storage Operations to delete all files from the LI-8100A internal memory or
compact flash card, or to move all files to the compact flash card.
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uiites  Storage Operations

L1-8100: 50 (50)
CD Card: 1000 (1000)

Copy All Files To CF Card

Delete All Files From Internal Flash

Remove this ACU's Files From CF Card

Eject CF Card From System

Format CF Card

Copy All Files to CF Card: Copies all files from the LI-8100A internal memory to
the optional compact flash card.

Delete All Files From Internal Flash: Removes all files from the LI-8100A internal
memory.

Remove this ACU's Files From CF: When files are copied to the compact flash
card, the LI-8100A creates a directory on the card with the instrument name. This
operation removes that directory and its contents from the card.

Eject CF Card from System: Unmounts the compact flash card safely; you should
always eject the card before removing it from the PC card slot to ensure the

integrity of the data.

Format CF Card: Deletes all files from the compact flash card.



Using the LI-8150 Multiplexer | 10-103 |

Manual Controls

Opens the Manual Controls dialog, where you can manually open or close the
chambers, turn the LI-8100A or Multiplexer flow on or off, set voltage inputs to
specified ports, and perform a leak test on the Multiplexer. Controlling the
chamber flow manually via the pump in the Analyzer Control Unit is useful when
performing user calibration of the infrared gas analyzer, as described in Section 5.
In general, the Manual Controls are used for diagnostic purposes, and are not used
when making typical measurements.

uiites  Manual Controls

Value Port Action

Chamber: Open 7 Close
Gas: 1
v2: 19
V3: 20
V4.
Pressure: Leak Test
8100 Flow:

Port Flow:

Choose the chamber number that you want to manually open or close, and tap
Close or Open.

When using the gas ports for applications other than soil CO, flux measurements
with chambers (e.g. vertical profiling), the gas ports can be set to display CO2,
CO2 ABS, H20, H20O ABS, or Pressure, depending on the way in which the
experiment is configured.

The voltage fields (V2, V3, V4) allow you to manually set the voltage input that is
displayed on the Main page, and on the LI-8150 control panel. Choose the voltage
input (V2, V3, or V4) and the gas port containing the sensor whose voltage output
you want to monitor. For example, if you have a soil temperature probe connected
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to a chamber at Port 9, and it is connected to voltage input V3, choose Port 9 at
Input V3; the voltage output from that probe is displayed in the Main window (if V3
is defined as one of the variables displayed there) and on the LI-8150 control panel
at V3.

The 8100 Flow and Port Flow fields open controls for adjusting the flow rate of
both the LI-8100A (8100 Flow) and LI-8150 (Port Flow). The LI-8100A and/or
LI-8150 flow rates can be turned Off and back On. For the LI-8150 pump, choose
the Gas Port whose flow you want to adjust, and tap Off or On.

Information on how to perform a Leak Test can be found earlier in this section at
Performing a Leak Test.

Calibration

Opens the Calibration page, where you set the zero and span of the infrared gas
analyzer in the LI-8100A Analyzer Control Unit. Step-by-step instructions for
performing user calibrations are given in Section 5.

The calibration constants displayed
here are updated each time you
perform a zero or span. In most
cases there is no need to edit these
values manually. If you do edit the
CO2 Zero: 1.0 2011-07-11 values, the dates will not change.
The dates reflect the last time the
GOz Span: i SRR instrument was zeroed and/or

CO2 Span 2: 3.0 2011-07-11 spanned.

H20 Zero: 4.0 2011-07-11
H20 Span: 5.0 2011-07-11

H20 Span 2: 6.0 2011-07-11

Utiities Calibration

Perform: | Zero || Span

Pressure Compensation:

Edit Coefficients
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The calibration constants for CO, and H,O zero and span calibrations are found

on the Calibration page. If new constants are entered in this page, tap Send to send
the values to the LI-8100A for implementation (note that the dates will not change).

The calibration functions for both CO; and H,O correct for pressure fluctuations

that may be present. To disable this correction, tap the 'Pressure Compensation'
field and then tap Off.

calibration Pressure Compensa...

Pressure Compensation is

Send Update

The LI-8100A uses a rectangular hyperbola for the CO, calibration, and a third
order polynomial for H,O calibration. Tap the 'Edit Coefficients' field to view the
Coefficients page. This page displays these factory-determined calibration
coefficients, as well as those for the pressure transducer, band broadening (BB) and
cross sensitivity (CS). These coefficients are fixed at the factory, and are present on
the calibration sheet included with the instrument.
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calibration ~ Polynomials

3.0
4.0

5.0

6.0

Pressure Corrections
AD: 10.0 BB: 1.0

Al 11.0 Cs: 20

Restore Defaults
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The 8100 Menu

Instrument Settings
Opens the Instrument Settings page, where you can view and/or edit the current
operating state of the LI-8100A.

si0  Instrument Settings

Name: CHAMBER
Date: 2011-09-11
Time: 10:10:10
Network Params: 172.24.41.116
Automatic Restart: DISABLED
Chamber Error: Continue On
IRGA Averaging: 4

IRGA Volume:

Name: The instrument name to which the iOS device is connected. The
instrument name is limited to 30 characters. Files copied to a Compact Flash card
are put into a directory with this name.

Date: Current date, in YYYYMMDD.
Time: Current time, in HHMMSS.

Network Parameters: The IP address of the wireless or Ethernet card in the
LI-8T00A.

Automatic Restart: When enabled, allows the measurement to restart following a
power interruption to the instrument. This is not the default option, as it requires
that a hardware jumper be installed; see Section 2, “Automatic Restart Function”
for more information.

Chamber Error: Determines how an error condition affects the measurement; you
can choose to log the chamber error and continue the measurement, or log the
error and stop the measurement. Tap Send to enable this function.
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IRGA Averaging: The amount of averaging of the CO; and H,O signals from the
[RGA. The IRGA in the LI-8100A is sampled at 2 Hz. With 4 second signal
averaging (the default), 8 data points are averaged for each CO; or H,O value. As
more data are received, previous data are dropped from the average. The
minimum value is 1 second, and the maximum value is 20 seconds.

IRGA Volume: Volume of air (cm?3) in the optical bench and associated tubing
inside the Analyzer Control Unit case. In most cases this number should not be
changed.

Multiplex Volume: Volume of air (cm?) in the tubing and solenoids in the
LI-8150 Multiplexer case. In most cases this number should not be changed.

Auxiliary Inputs

The Auxiliary Inputs window is the area in which you can input the coefficients for
linear external input devices connected to the 8100-104/C chambers. There is a
General Purpose Input, a dedicated input for the Decagon EcH,O or Delta-T Theta
soil moisture probes, and a Thermocouple input that can be monitored on any of
V2, V3, or V4 voltage channels.

The S indicates that the device
connected to voltage channel 3 is
Auxiliary Inputs configured for a soil moisture probe.

Copy Ports

Volt2: 2/3/4

Volt 3: 3/4

Volt 4: 4/5

Choose the Port to which the 8100-104/C is attached from the Port pull-down. Tap
on any of the voltage coefficient fields to enter the slope and offset values (obtained
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from the manufacturer) for each device attached to the voltage inputs. If
Thermocouple Input is selected, the page changes to show input fields a, b, and c,
for thermocouple calibration coefficients; the thermocouple temperature
calculation is of the form

T (°C) = 1/[A + B*(In R) + C*(In R)’] = 273.15

NOTE: If a soil moisture probe is connected, the probe is automatically powered
for about 10 seconds to allow it to stabilize, before it is then sampled.

If Thermocouple is chosen, the page
T changes to allow entry of calibration
axmputs  Channel 2 coefficients A, B, and C.

Select Voltage Input Type:

Slope: 2

Aucinputs  Channel 2

Select Voltage Input Type:

Offset: @

Fixed? @M ) Port:| 1

Set Default Parameters

Fixed? @M ) Port:

Set Default Parameters
General Purpose:
y = Slope + X + Offset Thieristor.
i T = 14a + b(LnR) + ¢(LnRY) - 273.15

Send Update Send Update

The voltage ouput from devices connected to the 8100-104/C chambers can be
viewed in the Main Window. During normal operation, the value observed is
dependent upon which port is currently active; for example, if a device is attached
to a chamber at port #1, the voltage output observed is that which is present when
a measurement is taking place on port #1. Then, when a measurement starts on
port #2, the observed voltage output changes to reflect a device connected to a
chamber at port #2, and so on. In some cases, however, you may want this value
to reflect the output from a single device at all times.

For example, if a sonic anemometer is connected to chamber #7, you might want
to view the voltage output from the anemometer on channel V2 at all times,
regardless of what might be attached to channel V2 on other ports. To accomplish
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this, you can ‘fix’ the output from a voltage channel to a given port. Thus, in the
example above, you would select ‘Fixed? On’, and then choose Port 7 to monitor
the output voltage of the sonic anemometer on Voltage channel 2.

Outputs

Opens the Outputs page, where you can configure the raw data values that are sent
by the instrument via the RS-232 port, or via the wireless card (TCP/IP), if you are
using the LI-8100A in a wireless network. This is primarily used when capturing
raw data values with an external data logging device. Note that these values are
simply sent as a data stream; data are not parsed, nor is header information
included. You can also choose the output frequency for both RS-232 and/or
TCP/IP data.

Data can be output via RS-232 or TCP/IP
at intervals between 0 (Minimum Value)
Outputs and 20 seconds (Maximum Value).

RS-232 Output Fields
ouputs  Set Output Rate:

On RS-232 Channel:
Send RS-232 Data Every: 1 second

Output Every: } 1 Second

Maximum Value Minimum Value

TCP/IP Output Fields:

Send TCP/IP Data Every: 1 second

Send Update
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RS-232
Choose the data values to be sent to the RS-232 port.

ouputs  Select RS-232 Outputs:
ﬁ

<TK> Time

<TX> 10s Flux

Transmit | Don't Transmit

Transmit All | Transmit None |

Send Update

The data values that can be output are as follows:

Label Description

Time Instrument time.

10s Flux Ten second running estimate of soil CO» flux rate.

CO2 Chamber CO; concentration in ymol/mol.

CO2 Dry Chamber CO; concentration, corrected for water vapor dilution, in
pmol/mol.

H20 Chamber water vapor concentration, in mmol/mol.

Pressure Atmospheric pressure in the optical bench (kPa).

°C (Chamber) Air temperature inside the soil chamber.

°C (Bench) Temperature of the optical bench.

°C (Case) Air temperature inside the Analyzer Control Unit case.

H20 ABS Absorption of photons in the optical bench due to the presence of
water vapor.

CO2 ABS Absorption of photons in the optical bench due to the presence of
CO,.

Volts In Input (battery) voltage.
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Raw CO2 CO, raw signal in sample analyzer.

Raw CO2 Ref CO, raw signal in reference analyzer.

Raw H20 H,O raw signal in sample analyzer.

Raw H20O Ref H;,O raw signal in reference analyzer.

RH% Relative humidity inside the soil chamber.

V1 Aux Input at voltage channel 1.

V2 Aux Input at voltage channel 2.

V3 Aux Input at voltage channel 3.

V4 Aux Input at voltage channel 4.

T1 Aux Input at thermocouple channel 1, in degrees C.
T2 Aux Input at thermocouple channel 2, in degrees C.
T3 Aux Input at thermocouple channel 3, in degrees C.
T4 Aux Input at thermocouple channel 4, in degrees C.
CRC Cyclic Redundancy Check (see below)

Strip Remove markup from data (see below)

CRC (Cyclic Redundancy Check) is an algorithm that is used to verify the integrity
of the data. Before each data packet is sent by the LI-8100A, a CRC is calculated
(pre-transmission) for that packet, and then appended to the packet. When the
client (e.g. the computer) receives the packet, it strips off the appended CRC and
calculates its own CRC (post transmission). If the two CRC values match, it is
assumed that the packet was transmitted correctly. When CRC values are
appended to the data packet, the value is automatically marked up. A typical CRC
will appear as

<CRC>3067450353</CRC>

Disable 'CRC' to remove CRC from the data. Note that the LI-8100A PDA
applications do not use CRC checking.

Note that when the LI-8100A outputs data, each field is "marked up" using
eXtensible Markup Language (XML) to delimit that field. For example, when a CO,

value is output, the data value is placed between two "tags" that describe what that
value is, as in:

<C02>350.21</CO2>

Enable the 'Strip' field to remove the markup from the data stream. The resulting
data set is a data stream where each data field is separated by a space.

TCP/IP
Tap on the TCP/IP field to configure the data values to be sent via the wireless card,
if desired. Note that you can configure the TCP/IP (wireless) and/or RS-232 options
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while the other is enabled; changes will not take effect until data logging is stopped
and restarted, however. For example, if you are currently logging data to the PC,
you can configure the wireless output, but you must first stop logging data to the
PC before beginning wireless output with the new configuration.

The data values that can be output are as shown above at RS-232 Output.

Log Every
Sets the frequency at which to log data (1-20 seconds).

ouputs Set Output Rate:

On TCP/IP Channel:
Output Every: i Second

Maximum Value Minimum Value |

Send Update

The Help Menu

Indicators
Opens the LI-8100 Indicators page, where you can view the definitions of
indicators that can appear on the screen.
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Hep  LI-8100 Indicators

@ - Active Measurement in progress

A - Append the next measurement to
the current file

C - Chamber provides a "closed"
signal

D - Create a new measurement file
every 24 hours

E - Instrument Error. Press "E" to
view the error log

f - Pump runs continuously between
repeated measurements

RH - Relative Humidity Stop enabled.
Observation will end if the RH

About LI-8100A

Displays a screen that shows the LI-8100APP Software version number and contact
information for LI-COR.

About LI-8100

LI-8100A

Copyright @ LI-COR Inc. 2011, 2012
All Rights Reserved

Version 1.0.0

Contact:

URL: www.licor.com
Phone: 800-447-3576 or
402-467-3576
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LI-8150 Maintenance and Repair

The LI-8150 Multiplexer is designed to require little or no routine maintenance.
Most of the LI-8150 components are modular, and are designed to be easily
replaced should the need arise. The discussion below describes basic maintenance
and repair of user-replaceable items; contact LI-COR for information on repair of
items not described below.

Fuses

There are two fuses on the LI-8150 main circuit board that protect the LI-8100A
and L1-8150 power supplies. Spare fuses can be found in the LI-8150 spares kit.
The fuses are located under the access panel at the front edge of the white lower
plate assembly, as shown in Figure 10-19 below. The proper fuse sizes are labeled
on the circuit board; the leftmost fuse protects the LI-8100A power supply (3A Fast
250V 5x20, p/n 439-04215), and the rightmost fuse protects the LI-8150 power
supply (4A Fast 125V 5x20, p/n 439-08516). If the LI-8150 and/or LI-8100A fail to
power up, check to see if either of these fuses has blown. Loosen the thumbnuts
on the access panel and lift off to access the fuses. You may need to unplug the
two connectors above the fuses to access the fuses.

LI-8100 fuse:

3A Fast 250V 5x20. p/n 439-04215

LI-8150 fuse:
4A Fast 125V 5x20. p/n 439-08516

Figure 10-19. Remove the access panel to replace the fuse(s).

Tubing

The urethane tubing used for air connections within the LI-8150 is 1/8” ID x Vs”
OD; a 3’ length of this tubing can be found in the spare parts kit under p/n 222-
00303. If any of the internal tubing should become clogged or otherwise damaged,
simply remove it by pressing in on the orange quick-connect fittings, cut a new
piece of the same length, and replace.

Air Filters

The air filters are located on the air lines connected to each of the eight (or sixteen)
air input ports. The filters are translucent to more easily see dust and dirt buildup.
Check the filters periodically (yearly or more often, depending on operating
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environment). Replace the filters when they become dirty, or if low, or no, flow
rates are present on the associated chamber. A filter kit (8 each) can be found in
the spares kit under p/n 8150-909; additional kits can be ordered from LI-COR.

Remove dirty or damaged filters by pressing on the quick-connect fittings and
pulling the tubing straight out; discard the tubing and old filter. Note the
orientation of the new filter; the arrow pointing toward the wider end of the filter
should point toward the solenoids. Attach the tubing near the solenoid first. The
tubing on the other end of the filter is longer than is required; route the tubing
toward the connector on the Multiplexer case, leaving a bit of slack, and cut to
length.

Attach tubing here
first

b S

‘l & v ! .“\\ \ A\ W
Figure 10-20. Note orientation of filters. Attach nearest the solenoids first, and cut the
tubing at the other end to length.

Solenoid Valves

Under normal operation the solenoid valves should not need to be replaced. If
however, a solenoid fails to open, it can be easily replaced. Note that each
solenoid has a manual override that can be used to test the mechanical opening of
each solenoid (they are normally closed). If it appears that a solenoid is not
opening (no flow), turn the blue screw on the top of the solenoid valve with a small
flathead screwdriver a quarter turn in either direction to manually open the
solenoid. If the solenoid does not open manually, it should be replaced. Solenoid
valves are available from LI-COR under p/n 300-08249 (1 ea.). Follow these steps
to replace a solenoid:

1. Power the LI-8150 off and open the lid.
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2. Remove the single screw on the wired valve connector, pinch the top of the
connector, and remove.

3. Remove the two screws on the top of the solenoid valve, remove the solenoid,
and discard.

4. Make sure the manifold gasket is in place, and install the new solenoid valve.

Remove the electrical
connector here...

remove the two solenoid
valve screws...

and make sure the
manifold gasket is
in place before
installing the new
valve.

. I RS
Figure 10-22. Remove the electrical connector, remove the valve, and make sure the
manifold gasket is in place before installing new valve.
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Updating the
Instrument Software

About the Instrument Software

The LI-8100A internal instrument software is programmed into the instrument's
flash memory; it can be updated using the LI-8100_update program available from
LI-COR's web site at http://www.licor.com. LI-COR may periodically provide
updates to the instrument software; follow the instructions below to install the
instrument (embedded) software.

Installing the Instrument Software

i

LIG100_update,exe

Note that the following operation may require 20-30 minutes to complete. Make
sure that if you are using battery power that you have sufficient charge to operate
the LI-8T00A for 30 minutes or more. Follow these steps to update the instrument
software:

1. Turn the LI-8100A OFF. Make sure the computer and the LI-8100A are
connected via the serial cables included, as described in Section 2, Initial
Setup.

2. Locate the LI8100_update program, and double-click on the icon to start
the program. Alternatively, select Run from the Windows Start menu, and

locate the LI8100_update program.

3. Choose the serial port on your computer to which the LI-8100A is connected
using the arrow keys in the Update Window at Step 2.

4. Click on the Connect button.
5. Turn the LI-8100A ON.

6. The update will begin. A series of messages will appear in the window, as
shown in Figure 11-1 below.
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= LI-8100 Update ¥1.0 M=
1. Tum the instumsnt off.

2. Select the serial port the instrument is connected to,

Com Part: |1 ﬁ

3_ Click the "Connect button to begin the update.

Cornect

4. Tumn on the instrument immediately after pressing "Connect.”

Status
Transfer Progress:  (100.0%]
— | Formatting flash file system... j
Canfiguring filespstem to boot,
“wiriting boot scrpt,

Transfering C:NWwWINDOWSADESKTOPVUPDATE 0.3.21CNinux-2 4.1%rmk 7-pra2-blusgramal. bin
Wwiriting file systerm to flash,

Checking Kernel CRC

Transfering C:AwINDOWSADESKTOPYUPDATE 0.3.21Choots-0.3 21 jffs2.
“wiriting file spstem to flash.

Checking Root CRC

Wwiriting file system to flash.

Checking Data CRC

Transfering C:w/INDOWSADESKTOPYUPDATE 0.3.21Chbinfe-003 21 0. jffs2.
“wiriting file spstem to flash.

Checking Bin CRC

Resetting version number,

Action Successhul.

Figure 11-1. Progress messages appear in the Update window.

Wait for the message ‘Action Successful’ to appear. If the ‘Action Successful’
message does not appear after 10 or 15 minutes or more, it is likely that the
update was still successful; follow Steps 8-10 below, and then start the LI-
8100A Windows or PDA software application. Go to the View menu and
select Instrument Status to view the Embedded software version number to see
if the version that you were updating was installed. If it was not, you may
need to run the LI-8100_update program again.

Close the LI-8100A Update window.
Turn the LI-8100A OFF, and then back ON.

Wait 5 minutes or so, until the green Ready light on the LI-8100A keypad
turns on. The LI-8100A instrument software is now ready to use.
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Cleaning the Optical Bench

There is a Balston air filter in-line on the flow path leading to the IRGA optical
bench. It is very important that incoming air be filtered. This is because any dirt in
the optical cell will cause an immediate zero shift.

The optical bench can be removed and cleaned if necessary. If the optical path
becomes dirty it may become difficult to span the analyzer. Excessive zero drift
may also be observed if the optical path becomes dirty. If significant dirt
accumulates in the optical bench, linearity errors that exceed the stated
specifications can also result.

Follow these steps to clean the optical bench:

NOTE: Make sure that you are properly grounded to avoid any electro-static
discharge events that can damage the internal components.

1. Power the instrument off and remove the battery or other external power
source.

2. Open the Analyzer Control Unit case and remove the access panel by
loosening the 4 thumbscrews.

3. Mark one of the Balston air filters with a marker or piece of tape to make sure
that you are able to return them to their original locations when re-
assembling. This is important, as one of the filters is in-line with the bellows
air circuit to the Survey Chamber, and is bi-directional, meaning dirt can be
introduced into the filter in both directions. If this filter is inserted into the
optical bench air path during re-assembly, dirt can be inadvertently blown
into the optical bench.
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Note the orientation
of the filters, and
mark one of them
(e.g. "L" or "R").

Remove both air filters by pressing the orange part of the quick-connect
fittings toward the white part of the connector and pulling the filter out.

There are three electrical connectors that must be removed. Two of them are
on a single wiring harness, just to the right of filters in the photo above; the
third is about two inches further back from them, just beyond the edge of the
access panel, as shown below.

Remove these 3
connectors

Pull straight out on the connectors to remove them. The large connector
under the access panel can be difficult to reach; you can gently pull on the
wire harness and slowly rock the connector back and forth to remove it, if
necessary. When reinserting the connector, make sure that you check the pin
alignment before pushing the connector into place, as the upper right hand
side pins can easily become bent if misaligned.
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5. Remove the five screws from the top of the air manifold, as shown below.

Remove the 5
screws from the
top of the air
manifold.

The top half of the manifold rests on two pins; lift the top half until it is
completely separated from the bottom half. It is not necessary to remove any
of the hoses.

6. Remove the twelve screws around the outer edge of the white panel, as shown
below.

Remove the 12
screws around
the outer edge
of the white
panel.

7.  Lift the analyzer control unit from out of the yellow case. Turn the control
unit upside down. It will appear as shown below.
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Remove these
6 screws to
access the
optical bench.

8. Remove the six screws from the optical bench cover, as shown above. The
optical bench will appear as shown below.

9. Leave the hoses connected to the optical bench, and lift the bench out of the
foam casing.
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Detector
housing

Source
housing

Lift the optical
bench out of
the foam
casing.

10. There are four screws on the source and detector circuit boards that must be
removed. Remove the four screws in the corners of the source housing circuit
board, as shown below. Do not remove the remaining four screws.

Remove these 4
screws

Remove the four screws from the detector housing cover, as shown below.
Note that there are some small standoffs inserted over the screws behind the
cover; tilt the housing down when removing the cover so these standoffs don't
get lost.
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11. The optical bench can now be removed. The bench will appear as shown
below.

Note that there are O-rings on both ends of the optical bench. It is a good
practice to replace the O-rings when cleaning or replacing the optical path.

12. There are a number of swabs in the spare parts kit (see at left). Dip one
end of the swab into a 50:50 ethanol/water solution and carefully swab
both ends of the optical bench, until there is no more visible residue. A
mild solution of dish washing type soap and water will also work. Do
not use abrasive cleansers, as they can irreparably damage the gold
plating on the optical bench.
e

Use a reflector swab and carefully swab the gold-plated concave surface
of the source housing, if necessary.

14. If you need to clean out the hose barbs and/or replace the tubing
connected to the source and detector housings, use a small pair of
diagonal cutters to remove the tubing from the hose barbs. Use the

~ cutters to pinch the tubing parallel to the hose barb axis, and then pivot

Optical O Reflector the cutters over the hose barb tip; the tubing will pull off of the hose
Path Swab ~ Swab . .
barb. Be very careful not to cut the tubing or scratch the hose barb with
the cutters, as subsequent tubing connections may leak.

15. Letthe optical bench dry. Re-assemble the bench, making sure the O-rings
are in place on both ends of the bench. Note that the orientation of the
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cylinder is not important; either end can be inserted into the source or
detector housing.

16. Re-assemble the LI-8100A case. Make sure that the foam insulation on the
inside top cover is positioned over the optical bench; it is required for thermal
stability.

17. Perform zero and span calibrations as described in Section 5, User
Calibration.

Replacing the Air Filters

There are two Balston air filters located inside the Analyzer Control Unit. One of
the filters is on the flow path to the attached chamber, and the other is on the
bellows air path, and is used only when the Survey Chamber is attached. The
bellows air path draws air from outside of the Analyzer Control Unit through a port
on the front panel. This port also has a built-in filter, so the Balston air filter on this
line should not need to be changed with any regularity, if at all.

The air filter on the flow path will need to be replaced after about every three
months of continuous use, depending upon the conditions under which the
instrument is used. You can look at the clear Bev-a-line tubing to get a visual
indication of how much dirt is present in the line, or alternatively, if the instrument
zero and span settings are fluctuating widely (see Section 5, User Calibration), it
may be time to change the filter. Follow these steps to replace the Balston air filters
(there are two in the spares kit under p/n 300-01961):

1. Power the instrument off and disconnect the battery or other external power
source.

2. Open the Analyzer Control Unit case and remove the access panel by
loosening the four thumbscrews.

3. Never swap one used filter for another! This is important, as the filter that is
in-line with the bellows air circuit to the Survey Chamber is bi-directional,
meaning dirt can be introduced into the filter in both directions. If this filter is
inserted into the optical bench air path, dirt can be inadvertently blown into
the optical bench.
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Maintenance

Note the orientation
of the filters.

This filter protects
the bellows flow
path...

and this filter
protects the
analyzer flow path.

Remove the air filters by pressing the orange part of the quick-connect fittings
toward the white part of the connector and pulling the filter out. Insert the
new filters as oriented in the photo above.

If your LI-8100A fails to turn on when powered up, and you are confident that the
battery is fully charged, there is a possibility that a fuse has blown. There is a fuse
inside the 6400-03 battery; instructions for testing the battery and replacing the fuse
are given below at 6400-03 Batteries.

A second fuse is located inside the Auxiliary Sensor Interface, which protects the
unit from overcharges due to improper connection of an external power supply. To
check this fuse, simply loosen the four screws on the Auxiliary Sensor Interface
cover and remove the cover.
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The screws on the 8100-
663 Auxiliary Sensor
Interface cover are
"captive" screws, meaning
they are retained in the
cover so they can't fall out.
Loosen them until you can
lift the cover off. There is a
spare 250V, 3A fast-blow
fuse in the spare parts kit
(p/n 439-04215).

A third fuse is located inside the Analyzer Control Unit, and protects the unit from
overcharges from a battery attached via the LI-8100A battery connectors on the
inside panel. In most cases this fuse will not blow; we recommend that you test the
battery to make sure it is fully charged as described below at 6400-03 Batteries
before attempting to check this fuse, as it requires a number of steps to disassemble
the Analyzer Control Unit. If you have eliminated all other possibilities, follow
these steps to check the Analyzer Control Unit power fuse:

1. Power the instrument off and remove the battery or other external power
source.

2. Open the Analyzer Control Unit case and remove the access panel by
loosening the four thumbscrews.

3. Mark one of the Balston air filters with a marker or piece of tape to make sure
that you are able to return them to their original locations when re-
assembling. This is important, as one of the filters is in-line with the bellows
air circuit to the Survey Chamber, and is bi-directional, meaning dirt can be
introduced into the filter in both directions. If this filter is inserted into the
optical bench air path during re-assembly, dirt can be inadvertently blown
into the optical bench.
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Note the orientation
of the filters, and
mark one of them
(e.g. "L" or "R").

Remove both air filters by pressing the orange part of the quick-connect
fittings toward the white part of the connector and pulling the filter out.

There are three electrical connectors that must be removed. Two of them are
on a single wiring harness, just to the right of filters in the photo above; the
third is about two inches further back from them, just beyond the edge of the
access panel, as shown below.

Remove these 3
connectors

Pull straight out on the connectors to remove them. The large connector
under the access panel can be difficult to reach; you can gently pull on the
wire harness and slowly rock the connector back and forth to remove it, if
necessary. When reinserting the connector, make sure that you check the pin
alignment before pushing the connector into place, as the upper right hand
side pins can easily become bent if misaligned.
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5. Remove the five screws from the top of the air manifold, as shown below.

Remove the 5
screws from the
top of the air
manifold.

The top half of the manifold rests on two pins; lift the top half until it is
completely separated from the bottom half. It is not necessary to remove any
of the hoses.

6. Remove the twelve screws around the outer edge of the white panel, as shown
below.

Remove the 12
screws around
the outer edge
of the white
panel.

7.  Lift the analyzer control unit from out of the yellow case. The power fuse is
located on the back of the control unit as you face the instrument, as shown
below.



8.

6400-03 Batteries

Maintenance

Power fuse
location.
There is a
spare 250V,
3A fast-blo
fuse in the
spares kit
under pn
300-01961.

If the fuse has blown, replace and re-assemble the Analyzer Control Unit.

Charging the 6400-03 Batteries
Batteries are normally charged with the LI-6020 battery charger.

1.

Select the proper voltage.

Make sure that the voltage selector slide switch on the back of the LI-6020
battery charger is set to the appropriate line voltage (115 or 230 VAC) and the
correct fuse is in place.

Plug the charger into mains power.
The AC indicator light will illuminate. If the charge indicator lights up in-
stead, you've got the wrong voltage selected.

Connect the batteries.

The CHARGE indicator illuminates if any of the batteries connected to the
charger are being charged. One method for testing a battery’s charge is to
connect it to the charger when no other batteries are attached. If it is charged,
the CHARGE light comes on for only a few seconds, if at all. If the CHARGE
light does not come on, either the battery is fully charged, or the battery’s fuse
has blown. (To test, plug the battery by itself into the LI-8100A, and power it
on. If nothing happens, then the problem is the fuse, or the battery is dead.)

A fully discharged 6400-03 battery requires about three hours to recharge.
Four discharged batteries connected simultaneously require approximately 10
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to 12 hours to recharge. We recommend you not leave a battery on the
charger for more than 24 hours after the charge light has gone out.

Storing the 6400-03 Batteries

Store batteries fully charged, and in a cool place, if possible. For long term
storage, place the batteries on the charger overnight every three months.

Replacing the Battery Fuse

There is a 10A automotive type fuse located inside the metal cover of the
6400-03 battery. If the battery fails to power the LI-8100A, and will not light
the charge indicator on the battery charger, check to see if the fuse has blown.

To replace the fuse, cut the black tape on the battery pack along the long axis,
between the two halves of the battery. Carefully remove the top half of the battery
(the half with the electrical cables), and lay it to the side with the wires still
attached. Check to see if the fuse has blown. Replacement fuses (p/n 438-03142)
plug into the spade connectors; no soldering is required. After replacing the fuse,
tape the battery covers together.

10 cm Survey Chamber Gasket Replacement

The 10 cm Survey Chamber uses a series of three gaskets to seal the chamber
against air leaks between the soil collar and the chamber. The first gasket is a
black neoprene "rolled" type gasket that is located on the bottom of the moveable
part of the chamber; in most cases this gasket will not need to be replaced unless it
is inadvertently damaged. The other two gaskets are located on the underside of
the chamber, beneath the metal flange that envelopes the soil collar. These two
gaskets, and in particular, the white foam gasket, may need to be changed with
some regularity. A gasket kit containing the black rubber gasket and foam seal
gaskets can be purchased under part number 8100-622.
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Be careful

not to bend
this plate

(p/n 9881-064)

Remove
these
screws

Survey
Collar
Gasket

Foam
Seal
Gasket

The black rubber gasket is referred to as the Survey Collar Gasket; four spares are
included in the gasket kit under pn 6581-065. The white foam gaskets are referred
to as Foam Seal Gaskets; a package of 20 is included in the gasket kit under p/n's
8100-622 (kit) or 6560-229 (1 each).

The Foam Seal Gaskets can become cracked or lose their shape relatively quickly,
depending upon the conditions they are used in, and the pressure with which they
are placed over the soil collar. Inspect the foam seal gasket before you start
making measurements each day; if it appears that it might not form a tight seal
against the soil collar, you should replace it. The Survey Collar Gasket should not
need to be replaced unless it is torn.

To replace either the Survey Collar Gasket or the Foam Seal Gasket, you will need
to remove the thin metal plate that covers the Survey Collar Gasket. Be careful
with this plate - it is thin and can be bent easily. If the plate is bent or mishapen, it
will not seal properly.

B To replace the Survey Collar and/or Foam Seal Gaskets, follow these steps:
1. Remove the 18 philips head screws from the metal plate on the bottom of the
Survey Chamber, as shown above. Remove the plate and set aside. Remove

the Survey Collar Gasket.

2. If you need to replace the Foam Seal Gasket, simply pry it out with a knife or a
screwdriver. Discard.
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Insert the new Foam Seal Gasket by working the gasket with your fingers into
the recessed area of the flange. It may help to work the gasket in with the
inside edge first, as shown below. Press in opposite sides of the gasket to
prevent stretching it. Make sure the gasket is seated all the way down into the
flange, and that it lays flat without warping.

Turn the chamber upside down, and align the Survey Collar Gasket holes with
the holes in the flange. Place the metal plate over the Survey Collar Gasket
and align the holes.

There is a front and
back side to the Survey
Collar Gasket; if it does
not align with the holes
on the flange, turn the
gasket over and try
again.

Insert the screws on opposite sides of the flange, but do not fully tighten until
all screws are started. Partially tighten the screws on opposable sides, and
work your way around the ring so that the metal plate lays flat and does not
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bow. The screws should not be fully tightened, as this will distort the gasket -
tighten until the gasket begins to deform, and then back off slightly.

Replacing the Bellows on the 10 cm Survey Chamber

If the bellows on the Survey Chamber is punctured or is otherwise damaged and
develops a leak, it will not operate properly. If the chamber fails to raise or lower
when the bellows pump is operating, the bellows and/or the Bev-a-line tubing on
the bellows air path may be damaged. Check the Bev-a-line tubing first to see if it
has developed a leak, and replace if necessary. If you have determined that the
bellows is damaged, you can replace it with the Bellows Kit (p/n 8100-623), sold
separately.

B Follow these steps to replace the Survey Chamber bellows:

1. Remove the Survey Chamber hoses and chamber connector from the Analyzer
Control Unit side panel.

2. Remove the handle from the chamber. When the handle is in a horizontal
position, it can be removed by pulling out on both sides of the handle.

3. Remove the four thumbnuts from the top plate of the pressure relief valve
assembly. The top plate and attached hose can stay attached to the manifold;
it will hang along side the chamber while you complete the disassembly.

You should be able
to remove the nuts
with your fingers; if
not, gently loosen
with a pair of pliers.
It is not necessary
to remove the black
hose.

Remove these 4
thumbnuts

4. Remove the four standoffs from the lower plate of the pressure relief valve
assembly with an open end wrench.



Remove the
12 screws
on the chamber
top plate.
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Remove the eight screws that attach the top plate to the chamber supports,
and the four screws near the center of the plate that attach to the top of the
bellows. Remove the chamber top plate.

Note that the 4 screws
nearest the center of the
plate are slightly larger
than the other 8, and
have a small red o-ring
seal on them. Make sure
these o-rings are present
and are not damaged
when re-assembling the
chamber. Replace if
necessary.

i

The bellows assembly appears as shown below. Note the orientation of the
black plate at the top of the bellows. There are screw inserts on the underside
of this plate; it it important to re-insert this plate in the proper orientation
during re-assembly. Note, too, that there is a thin film of silicone lubricant
along the top edge of the bellows. This helps seal the bellows against the
chamber top plate. There is a tube of silicone lubricant in the bellows kit that
you can apply to the new bellows during re-assembly.
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Insert your finger between the bellows and the black plate and pry the plate
out. If necessary, you can lift the entire chamber out of the strut assembly.

7.  There are two more plates at the bottom of the bellows. Remove the four
screws from the base plates and remove the bellows.

8. The underside of the bellows appears as shown below.
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Again, note that there is a film of silicone lubricant applied to the bottom of
the bellows, which helps seal it against the outer black plate. Remove the
inner plate from the bellows, and discard the old bellows.

To re-assemble the bellows, insert the lower black plate into the new bellows,
by running your finger along the edge of the plate, as shown below (top plate
insertion shown).
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10. Apply a thin film of silicone lubricant around the edge of the bellows, and
place the second black plate over the bellows. Align the holes between the
two black plates. If the manifold gasket (below) is torn or otherwise damaged,
there are two spares in the spare parts kit.

Align the bellows with two attached plates with the holes in the manifold
(above). Note that there is a seam on the bottom edge of the bellows. Before
tightening the screws, align the seam in the bellows with one of the long
edges of the manifold and attach with the four screws removed in Step 7
above. In other words, do not align the seam in the bellows with any of the
corners of the manifold.

11. Insert the black plate into the top of the bellows as shown in Step 9. Note that
the screw inserts should be on the underside of the plate (inserts shown
below). Apply a film of silicone lubricant around the top edge of the bellows.
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The screw inserts are on
the underside of the top
plate, and face
downward, into the
center of the bellows.

12. If the chamber was removed earlier, re-insert it into the strut assembly. Make
sure that the hoses are positioned between two of the struts with adequate
clearance. Place the chamber top plate on top of the struts, align the screw
holes, and secure the top plate to the struts with the eight screws removed in
Step 5.

13. The assembly should appear similar to that shown below. You now need to
attach the bellows to the chamber top plate. Lift up on the bottom of the
chamber to compress the bellows to verify placement and clearances, and
rotate slightly until the four screw holes on the chamber top plate and the
bellows top plate align.
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Use the four screws with red o-rings that were removed in Step 5 to secure the
bellows to the chamber top plate.

14. Re-attach the lower plate from the pressure relief valve assembly using the
four nuts with attached star washers, as shown in Step 4 above. Attach the
upper plate with the four thumbnuts, as shown in Step 3 above. Re-attach the
handle. Connect the chamber to the Analyzer Control Unit and manually
open and close the chamber a few times to verify that there are no leaks.

8100-103 20 cm Survey Chamber Maintenance

Gasket Replacement

The 20 cm Survey Chamber uses a series of three gaskets to seal the chamber
against air leaks between the soil collar and the chamber. The first gasket is a
black neoprene gasket (p/n 224-07606) that is located on the bottom of the
moveable part of the chamber; in most cases this gasket will not need to be
replaced unless it is inadvertently damaged. The other two gaskets are located on
the underside of the chamber, beneath the metal flange that envelopes the soil
collar. These two gaskets, and in particular, the white foam gasket, may need to be
changed with some regularity.

e

Soil Collar Gasket

Foam Seal Gasket

The black rubber gasket is referred to as the Soil Collar Gasket; four spares are
included in the spares kit under p/n 6581-108. The white foam gaskets are referred
to as Foam Seal Gaskets; a package of 20 is included in the 8100-632 gasket kit, or
individually under p/n 6581-107.
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Foam Seal Gasket

The Foam Seal Gaskets can become cracked or lose their shape relatively quickly,
depending upon the conditions they are used in, and the pressure with which they
are placed over the soil collar. Inspect the foam seal gasket before you start
making measurements each day; if it appears that it might not form a tight seal
against the soil collar, you should replace it.

If you need to replace the Foam Seal Gasket, simply pry it out with a knife or a
screwdriver. Discard. Note that is some cases you can simply flip the gasket over
and use the reverse side before replacing.

Insert the new Foam Seal Gasket by working the gasket with your fingers into the
recessed area of the flange. It may help to work the gasket in with the inside edge
first, as shown below. Press in opposite sides of the gasket to prevent stretching it.
Make sure the gasket is seated all the way down into the flange, and that it lays flat
without warping.

It is not necessary to remove
the Soil Collar Gasket when
replacing the Foam Seal
Gasket. The collar plates do
not need to be removed from
the chamber; it is shown
detached at left for illustration
only.

Soil Collar Gasket

The Soil Collar Gasket should not need to be replaced unless it is torn. To replace
the gasket, loosen the six screws on the chamber bottom plate. Remove the plate
and gasket. Align the new gasket with the screw holes and reassemble.
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The 6 screws on the bottom
plate are captive; they need
only be loosened, not
completely removed.

| Loosen the 6 screws
RNy on the bottom plate
to access the Soil

Collar Gasket

Chamber Gasket

The bottom of the soil chamber "bow!" has an attached adhesive gasket that seals
the chamber against the bottom plate. This gasket has a long life, and should be
replaced only if it is damaged and does not form a tight seal.

B Follow these steps to replace the Chamber Gasket:

1. Remove the four nuts from the bottom of the chamber supports, as shown
below.
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Remove the 4 nuts
from the support legs

Bend the supports out slightly to remove the bottom plate assembly.

Use a knife or razor blade to remove the old gasket. Clean the rim of the
chamber with alcohol if necessary to remove any adhesive residue.

Remove the adhesive backing from the new gasket and install around the rim
of the chamber. Trim the gasket as needed so that the ends are touching.

Apply a small amount of Loctite to glue the ends together (below).




m Maintenance

Replacing the Bellows on the 20 cm Survey Chamber

If the bellows on the 20 cm Survey Chamber is punctured or is otherwise damaged
and develops a leak, it will not operate properly. If the chamber fails to raise or
lower when the bellows pump is operating, the bellows and/or the Bev-a-line
tubing on the bellows air path may be damaged. Check the Bev-a-line tubing first
to see if it has developed a leak, and replace if necessary. If you have determined
that the bellows is damaged, you can replace it using the

LI-8100A Bellows Kit (p/n 8100-623).

1.

Follow these steps to replace the 20 cm Survey Chamber bellows:

Remove the survey chamber hoses and chamber connector from the Analyzer
Control Unit side panel.

Remove the four nuts from the bottom of the chamber supports, as shown
below.

Remove the 4 nuts
from the support legs

Bend the supports out slightly to remove the bottom plate assembly.

Remove the four screws from the inside of the chamber as shown below, and
remove the chamber bow!| from between the chamber supports. This will
expose the manifold and bellows assembly.
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B

Remove these
4 screws

Remove the four #10 Kep nuts in each corner of the bellows assembly with a
3/8" nut driver. Lift the bellows assembly out of the support frame.

Remove the 4

nuts in the corners
of the bellows
assembly

L)

b v

Remove the four thumb screws from the top plate of the pressure vent
assembly and lift the top plate off (optional).
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7. The underside of the bellows assembly appears as shown below. Remove the
four screws from the bellows mounting plate.

Pressure vent top plate

Bellows mounting
plate

Remove these 4 screws

8. Note the orientation of the black plate at the top of the bellows. There are
screw inserts on the underside of this plate; it it important to re-insert this plate
in the proper orientation during re-assembly. Note, too, that there is a thin
film of silicone lubricant along the top edge of the bellows. This helps seal
the bellows against the bellows mounting plate. There is a tube of silicone
lubricant in the bellows kit that you can apply to the new bellows during re-
assembly. Apply the lubricant in a thin film only; too much is worse than
using none at all.
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Insert your finger between the bellows and the first circular black plate and
pry the plate out.

There are two more plates at the bottom of the bellows. Remove the four
screws from the two remaining circular base plates (inside the bellows) and

remove the bellows from the manifold.

The underside of the bellows appears as shown below (outer plate removed).

Again, note that there is a film of silicone lubricant applied to the bottom of
the bellows, which helps seal it against the outer black plate. Remove the
inner plate from the bellows, and discard the old bellows.
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11. To re-assemble the bellows, insert the lower black plate into the new bellows,

by running your finger along the edge of the plate, as shown below (top plate
insertion shown).

12. Apply a thin film of silicone lubricant around the edge of the bellows, and
place the second black plate over the bellows. Align the holes between the
two black plates. If the manifold gasket (below) is torn or otherwise damaged,
there is a spare in the bellows kit.
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Align the bellows and two attached plates with the holes in the manifold
(above). Note that there is a seam on the bottom edge of the bellows. Before
tightening the screws, align the seam in the bellows with one of the long
edges of the manifold and attach with the four screws removed in Step 9
above. In other words, do not align the seam in the bellows with any of the
corners of the manifold. Make sure that the bellows remains centered with
respect to the two clamping plates.

13. Insert the remaining black plate into the top of the bellows as shown in Step
11. Note that the screw inserts should be on the underside of the plate (inserts
shown below). Apply a film of silicone lubricant around the top edge of the
bellows.

The screw inserts are on
the underside of the top
plate, and face
downward, into the
center of the bellows.

14. Align the screw holes in the clamping plate with the tubing and control cables
attached to the manifold, as shown below. Reattach the bellows mounting
plate removed in Step 7.
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\
Align the holes with the '{\\ ,
|

cables and tubing as shown

15. Re-insert the bellows assembly into the support frame. Make sure that the
plastic standoffs are still present on the four studs on the support frame. Note
too that the gray control cable should extend around the outside of one of the
support struts, as shown below.

16. Re-attach the chamber bowl, making sure to insert the sensor wire through the
small hole at the center of the bowl.

17. Re-attach the bottom mounting plate with the four nuts removed in Step 2.

18. Re-attach the top plate of the pressure vent using four thumb screws. The
finished assembly should appear as shown below.
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8100-104/C Long-Term Chamber Maintenance

The 8100-104/C Long-Term Chamber is designed to require only minimal
maintenance. The black neoprene collar gasket can be easily replaced should it
become damaged; two spare gaskets (p/n 6581-060) can be found in the Long-
Term Chamber Gasket Kit (p/n 8100-612). Instructions are also given for replacing
the tubing/cable assembly, replacing the thermistor assembly, and replacing the
shaft seal assembly.

Replacing the Collar Gasket

The Soil Collar Gasket should not need to be replaced unless it is cracked, brittle,
or otherwise worn. To replace the gasket, move the chamber to its open position.
Loosen the 24 screws on the chamber gasket plate. Remove the plate and gasket.

Align the new gasket with the screw holes and re-assemble. Torque screws to 4
[b.-in.
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Collar Gasket

Replacing the Tubing/Cable Assembly (p/n 9981-141)
The tubing/cable assembly may need replacement if the tubing becomes cut or
damaged (most often by rodents).

B Follow these steps to replace the tubing/cable assembly:
1. Disconnect the temperature thermistor cable from the side of the enclosure by

loosening the thumb nut and pulling the cable connector straight out.
Remove the two cable clamps with an 11/32” nut driver.
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Temperature Thermistor

Cable Connector Cable Clamps (2)

Disconnect the temperature thermistor cable from the top of the chamber by
loosening the thumb nut and pulling the cable connector straight out.
Remove the two right-angle fittings by loosening the nuts on the underside of
the chamber bow! with a 3/8” nut driver.

Temperature Thermistor
Cable Connector

Right-angle
Fittings (2)
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3. Cutthe four cable ties that secure the tubing/cable assembly to the arm
assembly, and remove the tubing/cable assembly.

4. On the new tubing/cable assembly, locate the end containing the right-angle
fittings. Use a cable tie to loosely attach the tubing/cable assembly to the end
of the arm nearest the pressure vent. The portion of the tubing/cable assembly
that splits into three separate cables should be attached so that it is
approximately even with the end of the arm, as shown below.
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Align the portion of the
tubing/cable assembly
that divides into three
parts with the end of the
arm

—_—

Loosely install the three remaining cable ties to secure the tubing/cable
assembly to the arm. Verify that the assembly is positioned properly, and
tighten the cable ties. Trim the excess end from the cable ties.

Make sure the O-rings are present in the temperature cable connector and
right-angle fittings. Install the two right-angle fittings by tightening the nuts on
the underside of the chamber bow! with a 3/8” nut driver (it does not matter
which fitting goes into each hole). Connect the temperature cable; make sure
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the connector is fully seated and the outer thumbnut is tight (you should feel a
slight snap as it locks into place).

- Temperature Thermistor
Cable Connector

Right-angle
Fittings (2)

7.  Place the control cable cap retainer over the stud. Align the portion of the
tubing/cable assembly that divides into three separate cables with the edge of
the baseplate. Loosely install the bottom cable clamp.
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Control Cable
Cap Retainer

Connect the temperature cable; make sure the connector is fully seated and
the outer thumbnut is tight (you should feel a slight snap as it locks into
place).

Temperature
Thermistor
Connector
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9. Loosely install the upper cable clamp. Adjust the clamps if necessary, and
tighten the nuts.

Replacing the Thermistor Assembly (p/n 9981-125)

The thermistor on the underside of the chamber may need replacement due to
mechanical damage, moisture damage, or because the chamber temperature values
are consistently erroneous. NOTE: There is also a replacement thermistor assembly
for the 8100-104C Clear Chamber under part number 9981-172.

B Follow these steps to replace the temperature thermistor assembly:
1. Disconnect the temperature thermistor cable from the top of the chamber by

loosening the thumb nut and pulling the cable connector straight out.
Remove the plastic retaining nut with a 5/8” open-end wrench.
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Temperature Thermistor
Cable Connector

Plastic
Retaining
Nut

Make sure the rubber seal is present on the bottom of the new thermistor
connector body, and install the new thermistor. Tighten the plastic retaining
nut just enough to compress the rubber seal; do not overtighten the nut
(torque to 5 Ib.-in.).

Connect the temperature cable; make sure the connector is fully seated and
the outer thumbnut is tight (you should feel a slight snap as it locks into
place).
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Temperature Thermistor
Cable Connector

Replacing the Shaft Seal Assembly (p/n 9981-143)

The shaft seal assembly has a recommended replacement cycle of three years;
replacement is required when the arm mechanism squeals or shudders during
motion.

B Follow these steps to replace the chamber arm shaft seal assembly:

1.  Press the OPEN/CLOSE button twice in succession to move the chamber to its
“Park” position.

2. Remove the two nuts on the underside of the shaft that hold the arm/bowl
assembly, using a 3/8” wrench or socket.
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3. Remove the two hex screws on the drive column adapter using a 9/64” hex
wrench.

4. Remove the four screws and washers from the shaft seal assembly.
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Remove the 4 screws and
washers from the shaft seal

5. Remove the shaft seal assembly from the drive column.

==
Keep hands |

6. Replace the support gasket (p/n 6581-163) if needed. Install the new shaft
seal assembly on the shaft; carefully press the assembly past the O-ring.
Simultaneously, press and twist the assembly to get past the main shaft seal.
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Position the assembly over the PEM studs (see below) on the top of the
enclosure.

7.  Secure the shaft seal assembly using the screws and washers removed in Step
4. Torque screws to 4 [b.-in.
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8. Re-install the drive column adapter. Torque hex screws to 40 in-lbs.

9. Re-install the bowl/arm assembly using the nuts and washers removed in Step
2. Tighten the nuts only finger tight.
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10. Adjust the chamber bowl so that it is centered over the gasket clamp ring.
Tighten the two nuts that secure the bowl/arm assembly. Torque nuts to 40
[b.-in.

Changing the 8100-104/8100-104C Chamber Bowls

The 8100-104 Long-Term Chamber's opaque "bowl" can be swapped out with the
clear bow! from the 8100-104C Long-Term Chamber, and vice versa. Upgrade
packages are also available from LI-COR that contain all of the hardware required
to upgrade either chamber. The upgrade(s) require only a 3/8" combination
wrench and an 11/32" combination wrench or nut driver.

B Follow these instructions to change the chamber bowl on the 8100-104 or
8100-104C:

1. Make sure that the chamber drive column is in the "Park" position before
starting. If the chamber is not parked, press the OPEN/CLOSE button twice to
park.

2. Use the 11/32" wrench or nut driver to remove the two hex nuts that secure the
cable/tubing assembly to the side of the motor housing, as shown below.
Unscrew the nut and disconnect the thermistor cable.
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Remove these 2
hex nuts...

and then loosen

the nut here and
remove the thermistor
cable

3. Use the 3/8" wrench to remove the arm mounting nuts and washers. Remove
the arm assembly.

Remove the 2
arm mounting
nuts here

4. For storage, reinstall the flat washer, split washer, and hex nut on each of the
PEM studs on the underside of the arm assembly you removed in Step 3.
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5. Remove the mounting hardware from the underside of the new arm assembly.

Remove the
mounting
hardware from
the new arm
assembly

6. Place the arm assembly into position on the mounting flange and install the flat
washer, split washer, and hex nut finger tight. The nuts should be tight enough
to hold the arm flat against the mouting flange, but should still allow some
lateral movement.
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Install the arm
assembly over
the mounting
flange. Tighten
each nut hand
tight.

Flat waster
Split washer
Hex nut

7. Adjust the position of the arm assembly so that the bowl is centered over the
gasket. When centered, tighten the mounting nuts.

8. Use the cable clamps provided to attach the cable/tubing assembly to the
motor housing. Note that the Control Unit dust cap connector is placed under
the lower cable clamp. Plug in the thermistor cable and tighten the nut.
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~ Attach the cable/tubing
assembly and dust cap
connector to the motor
housing

Reattach the thermistor
cable and tighten the nut



A Specifications

LI-8100A Automated Soil CO, Flux System

PDA Requirements
OS: Apple iOS V4.0 or greater.
Wireless: 802.11b/g.

Analyzer Control Unit
Memory: 18 MB on-board flash memory for data collection (32 MB total)
Compact Flash:Type | industrial grade, T GB with adapter sleeve included, will
accept Type Il with appropriate adapter sleeve
Wireless PC Card: Fixed wireless networking Type Il PC Card. Cisco Systems
Aironet® 350 Series 11 Mbps DSSS for Wi-Fi (802.11b) networking
RS-232
Signal output rate: 1 Hz
Baud rate: 57,600 bps (instrument software <V4.0), 38,400 (instrument
software V4.0 or greater)
Pressure Sensor
Measurement Range: 15-115 kPa
Accuracy: 1.5% over 0 to 85 °C
Maximum Gas Flow Rate: 1.7 liters/min (permanently affixed to max.)
Power Requirements
Auxiliary Input Voltage: 10.5-28 VDC
Battery Input Voltage: 10.5-15 VDC
3A @ 12V (36W) maximum usage during warm-up with heaters on
1A @ 12V (12W) average usage after warm-up with heaters on
Operating Range
Temperature: 20 °C to 45 °C
Relative Humidity: O to 95% RH, Non-Condensing
Weatherproof Rating: Tested to IEC IP55 standard
Dimensions: 29 cmL x38.1cmW x16.5cm H (11.4"x 15" x 6.5")
Weight: 5.3 kg (11.8 Ib.) without battery; 6.7 kg (14.8 [b.) with battery
Battery Weight: 1. 4 kg (3.0 Ib.)
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Auxiliary Sensor Interface
Dimensions: 10.2 cmL x3.8cmW x6.4cmH (4" x1.5" x2.5")
Inputs: 4 Thermocouple channels (Type E, J, T, or raw)
4 General input channels (0-5 VDC)
Power Out: 0-5 VDC
Power In: 10.5-28 VDC
Connections: Terminal strip with screw posts

Infrared Gas Analyzer
Measurement Principle: Non-Dispersive Infrared
Traceability: Traceable to WMO standards for CO,.
NIST traceable LI-610 Portable Dew Point Generator for H,O

CO,
Measurement Range: 0-20,000 ppm
Accuracy: 1.5% of reading
Calibration Drift
Drift at 0 ppm: <0.15 ppm/°C and <1 ppm/day
Span Drift!: < 0.03 %/°C
Total Drift at 370 ppm: <0.4 ppm/°C
RMS Noise at 370 ppm with 1 sec signal averaging: <1 ppm
Sensitivity to water vapor: < 0.1 ppm COy/mmol/mol H,O

H,0
Measurement Range: 0-60 mmol/mol
Accuracy: 1.5% of reading
Calibration Drift
Drift at 0 ppt: <0.003 mmol/mol/°C and <0.1 mmol/mol/day
Span Drift!: <0.03 %/°C
Total Drift at 10 ppt: <0.009 mmol/mol/°C
RMS Noise at 10 ppt with 1 sec signal averaging: <0.01 mmol/mol
Sensitivity to COy: <0.0001T mmol/mol HaO/ppm CO4

1 Residual error after zero correction



Specifications m

10 cm Survey Chamber - 8100-102

System Volume: 854.2 cm3
Soil Area Exposed: 83.7 cm? (13 in.2)
Dimensions: 152 cmL x 152 cmW x254cm H (6" x 6 " x 10"
Air temperature thermistor

Operating Range: 20 to 45 °C

Accuracy: + 0.2 °C from 0 to 50 °C, + 0.3 °C from -20 to 0 °C
Cable length: 1. 01 m (40"
Weight: 1.6 kg (3.5 Ib.)

20 cm Survey Chamber - 8100-103

System Volume: 4843 cm?3
Soil Area Exposed: 317.8 cm? (49.3 in.2)
Dimensions: 28.7 cmL x28.7cmW x292cmH (11.3"x11.3"x11.5")
Air temperature thermistor
Operating Range: —20 to 45 °C
Accuracy: + 0.2 °C from 0 to 50 °C, + 0.3 °C from -20 to 0 °C
Cable length: 1. 01 m (40"
Weight: 2.9 kg (6.4 |b.)

Long-Term Chamber - 8100-104/8100-104C

System Volume: 4076.1 cm3
Soil Area Exposed: 317.8 cm? (49.3 in.2)
Dimensions: 48.3 cmL x38.1cmW x33.0cm H (19" x 15" x 13")
Weatherproof Rating: Tested to IEC IP55 standard
Air temperature thermistor
Operating Range: —20 to 45 °C
Accuracy: + 0.2 °C from 0 to 50 °C, + 0.3 °C from -20 to 0 °C
Cable length: 2 m (6.56 ft.) or 15 m (49.2 ft.)
Weight: 5.9 kg (13 Ib.)



Accessories

Specifications

Soil Temperature Probe (Type E, p/n 8100-201): 6.4 mm (0.25") dia., 250 mm
(10") immersion length

Soil Temperature Thermistor (p/n 8100-203)

Soil Moisture Probe (ECH,O Model EC-5, p/n 8100-202): 5 cm (2") length
Soil Moisture Probe (ThetaProbe Model ML2, p/n 8100-204)

8100-664 Trace Gas Sampling Kit: Used to collect samples from the same air
stream used to measure CO, flux for further trace gas analysis.

LI-8150 Multiplexer

Dimensions: 40.6 cmLx57.2cmW x21.1cmH (16”7 x22.5” x 8.3")
Weatherproof Rating: Tested to IEC IP55 standard
Weight
8 port version: 9.4 kg (20.7 Ib)
16 port version: 11.2 kg (24.8 |b)
Operating Range
Temperature: —20 to 45 °C
Humidity: 0 to 95% RH, non-condensing
Coverage Area
Max radius from LI-8150 to chambers: 15.0 m (49.2 ft)
Max diameter of measurement circle: 30.0 m (98.4 ft)
Plumbing
Flow rate to/from chambers: ~2-3 Ipm
Flow rate between LI-8100A and LI-8150: 1.7 Ipm
Pump in the LI-8100A sub-samples air stream in the LI-8150
LI-8150 Pump Type: Diaphragm
Display
Four LED Indicators: Power, Check Error Log, Manual Chamber Activation
Indicator, Active Chamber Error
Five 7-segment LED Displays: Active Chamber, Active Valve, three voltage
channel indicators
Power Requirements: 10.5 — 14.5 VDC (120 VAC and 240 VAC with optional
power supply)
Power supplied through the LI-8150; LI-8150 powers the LI-8100A when
connected

See example below for total system power requirements
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LI-8100A + LI-8150 Sampling: No Sampling: Two Warm-up: Up to

+ n Chambers chamber movement chambers move four chambers
at one time move at one time

Amps @ Amps @ Amps @

n Chambers 12.5VDC Watts 12.5VDC Watts 12.5VDC Watts

1 1.0 12.5 3.0 37.5 3.0 37.5

2 2.0 25.0 3.8 47.5 3.8 47.5

4 2.1 26.3 3.8 47.5 4.8 60.0

8 2.1 26.3 3.8 47.5 4.8 60.0

16 2.3 28.8 3.8 47.5 4.8 60.0

Accessories

Soil temperature thermistor (p/n 8150-203):
6 foot cable. Accuracy: +1.0 °C from -20 to 50 °C
Soil Moisture Probe (ECH,O Model EC-5, p/n 8150-202): 5 cm (2") length
Soil Moisture Probe (ThetaProbe Model ML2 p/n 8150-204)
Cable/hose extension assembly
Length: 15 m
Connections:
Electrical cables: Turck weatherproof connectors
Air hoses: Quick-connect fittings
8150-662 Profiling Kit: Used for performing atmospheric profiling studies using
the LI-8150 Multiplexer and LI-8100A Analyzer Control Unit.

8150-770 DC Power Supply
Power Requirements: 115-120VAC or 230-240VAC, 50/60 Hz, 230W. Input
voltage range is switch-selectable and must be configured before applying power.
Fuses located inside box cover.
Weatherproof Rating: Tested to IEC IP55 standard
Output Voltage: 12VDC, 4.5A
Operating Temperature Range: -20 to 50 °C (-4 to 122 °F)
Environmental Operating Conditions: Tested to IP55 for dust and water ingress.
Dimensions: 18.1cm Dx28cmLx102cm T (7.125” x 11”7 x 4”)
Weight: 31 kg (14.05 Ibs.)



B Pin Assignments

The LI-8100A uses a round Turck connector on the side panel for RS-232 output.
An RS-232 cable (p/n 392-10587) with a round Turck connector and a DB-9
connector attaches to the LI-8100A RS-232 port. The pin assignments for the DB-9
connector on the 392-10587 cable are given below; note that not all pins are used
for communication between the LI-8100A and a computer. If you want to make a
custom cable for use with the LI-8100A, follow the list below for the proper
connections.

The 392-10587 RS-232 cable pin assignments are as follows:

392-10587
To Analyzer Juu
Control Unit NN
6
5
1 3
1 2 2
4 3 6
3 4 5 1 = N/C
2 5 8 2 = WHITE
1 = BROWN 6 7 3 = BROWN
2 = WHITE N/C—=< 1 4 = N/C
3 = BLUE N/C ——< 4 5 = BLACK
4 = BLACK N/C o 6 = BLUE
5 = GRAY —< 7 = PINK
6 = PINK 8 = GRAY
9 = N/C



C Glossary of Terms

Add CRC to data. CRC (Cyclic Redundancy Check) is an algorithm used to verify
data integrity. Before each data packet is sent from the LI-8100A, a CRC is
calculated (pre transmission) for that packet and appended to it. When the client
receives the packet, it strips off the appended CRC and calculates its own CRC
(post transmission). If the two CRC values match the packet was transmitted OK.
When the CRC values are appended to a data packet, the value is always marked
up. A typical CRC will appear like the following: <CRC>3067450353</CRC>.
The LI-8100A uses the POSIX 1003 definition to compute a 32 bit CRC.

Auto Restart. Causes the instrument to resume an interrupted measurement on
instrument restart.

Bench Temp. Temperature of the optical bench. Labeled Thench in the data.
Units; °C

Case Temp. Temperature measured inside the system case. Labeled Thoard in the
data. Units; °C

Chamber Offset. Computation of soil CO; flux requires an estimate of the total
system volume. The IRGA, chamber and tubing volumes have been determined by
LI-COR. The air volume inside the collar above the soil is an unknown and must
be calculated from the Area and the chamber offset measured as described in
Section 2, Measuring the Chamber Offset. Units; cm.

Chamber Temp. Air temperature inside the chamber. Labeled Tcham in the data.
Units; °C.

Chamber Volume. The volume of the chamber and associated tubing. Labeled
Vcham in the data. Units; cm3.

Channel. A range of radio frequencies between 2.4 GHz and 2.5 GHz have been
designated for public use in most countries. The channel refers to a specific
portion of the total frequency range that is given to a device for communication.
The LI-8100A supports channels 1 to 11.

CO,. Chamber CO; concentration. Units; umol CO, mol! air
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CO2 Abs. Absorption of photons in the optical bench due to CO,
CO; Absorption. Absorption of photons in the optical bench due to CO,

CO2 Dry. CO, corrected for water vapor dilution. Labeled Cdry in the data.
Units; pmol CO;, mol air.

Comments. User entered information included in the data file header. Maximum
of 100 characters.

Compact Flash Card. Removable card used for additional/transportable data
storage

CrvFit.

2: Number of points used in the curve fit
3:A

4: Cx

CrvTime.

2:Tg

3: Dead band

4: Domain of the fit ( Stop time-Start time)

Date. Output in the format; 02/19/2004 14:26
Units; Month:day:year:hour:minute:second

DCdry/dt.

2: Slope at To (Exponential fit)

3: Slope of linear fit

4: Standard error (Exponential fit)

Dead Band. After a chamber closes there is a time interval before steady mixing is
established. The Deadband is a user entered estimate of what this interval is. Data
collected prior to the end of the Deadband interval are not used in the flux
computations, however, the data are stored in the raw file. The Deadband
requirement will change depending upon the chamber geometry, system flow rate
and collar and site characteristics (Fig. 4-2 Shows a time series of CO; vs time
across two observation cycles. This Figure illustrates Deadband, Obs. Length and
Obs. Delay). Generally we have found a Deadband between 10 and 60 seconds to
be adequate. However, there may be conditions where longer deadbands are
needed and the user can recompute the data with different deadbands in the "File
Viewer" software. Units; seconds.
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Enable Data Encryption. WEP (Wired Equivalent Policy) is an encryption standard
built into 802.11b and is supported by the LI-8100A. If data encryption is enabled,
the same 40 bit (5 character) key must be entered on all devices of the WLAN. The
key is used for data encryption and decryption.

Etime. The instrument begins logging data (Raw or Type 1) the instant the chamber
is actuated and begins to close (closing). The elapsed time label (etime) is set to O
for all records which are collected while the chamber is closing. Once the
chamber is closed the elapsed time increments with clock time in seconds.

File Name. The data file name can be up to 30 characters long. The file name is
case sensitive (Windows file naming is not case sensitive so be careful NOT to
name two files with the same name but in different case).

Flow Rate. The system operates at the High flow rate, which is about 2.0 liters per
minute.

Flux.

2: Flux at To (Exponential fit)
3: Flux at To (Linear fit)

4: CV of flux (Exponential fit)

H,0. Chamber Water Vapor Concentration. Units; mmol H,O mol! air
H2O Abs. Absorption of photons in the optical bench due to H,O

H,O Absorption. Absorption of photons in the optical bench due to H,O
Instapp.exe. Palm Application used to install software from a PC to the Palm

Instrument Name. User entered name for an instrument. Maximum of 30
characters.

IP Address. The IP address is a number that uniquely identifies each node on the
network. The address is composed of a set of four numbers called octets, where
each octet ranges in value from 0 to 255. When entering an IP address, the octets
are separated with a period. For example, 192.168.100.2 is a valid IP address.

IRGA Averaging. This setting controls the amount of averaging that is done to CO,
and H,O signals from the IRGA. The IRGA is sampled at 2Hz. With 4 second
IRGA Averaging (the default recommended setting) 8 data points will go into any
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value of CO, or HyO. As data stream in earlier data are dropped from the average.
The minimum is 1 second and the maximum is 20 seconds.

IRGA Volume. Volume of optical bench and associated tubing inside the system
case. Labeled Virga in the data. Units; cm3.

Log Every. User specified rate that Type 1 (Raw) records are being stored.
Typically setto 1 second. However, if an observation length of more than 2
minutes is specified the user may want to consider changing the ‘Log Every’ value
to 2 or 3 seconds just to keep the number of records manageable.

Log raw data records. Logs the default data set plus all selected variables at the
specified Log Every interval

Measurement. A collection of one or more observations.

Netmask. The net mask is a set of four octets used to separate an IP address into
the network address and the host address.

Network Name. The network name or SSID (Service Set Identifier) is a name given
to a wireless network (WLAN). Each device that needs to communicate must have
the same SSID. The LI-8100A supports a network name of up to 30 characters.

Observation. The collection of data sets over a user-specified time period, which
is typically the time during which the chamber is closed.

Obs#. The current observation number.
Observation Count. Number of observations for a given measurement.

Observation Length. Time from the instant the chamber closes until the instant it
begins to open (see Fig 4-2). Units; minutes, seconds.

Onboard Internal Flash. Memory built into the LI-8100A system.

Optional Data Fields. Optional data fields which can be logged but have no effect
on the final flux calculation.

Outputs. The Outputs window is used to independently configure each of the
LI-8100A's output channels. This functionality is intended for those who want to
control the LI-8100A with a custom communication device. Changing any of the
outputs will have no effect on a measurement or future connections with the PC or
PDA Clients.
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Pre-purge. Time interval between the instant a chamber begins to open after an
observation and the instant it begins to close for the next observation (Fig 4-2).
Units; minutes,seconds.

Post-purge. The amount of time during which air continues to flow through the
chamber as it begins to open, after the measurement is complete.

Pressure. Atmospheric pressure measured in the optical bench. Units; Kpa
Quit if RH exceeds. The LI-8100A will abort the measurement and open the
chamber if the RH exceeds the user set limit and the check box in the software is
checked.

RAWCO2. CO; Raw signal

RAWH20. H,O Raw signal

Remove XML from data. Before the LI-8100A outputs data, each field is "marked
up" to delimit that field. For example, when a CO; value is output, the value is

placed between two tags to describe what that value is: <C02>350.21</CO2>.
Checking "Remove XML from data" will strip all of the markup from the data
stream. Therefore, the end result is a data stream where each data field is
separated by a space.

Repeat the Same Protocol. Repeats the measurement seup n number of times
every time interval.

RH. Relative Humidity

Soil Area. Area encompassed by the chamber collar. In the data set this variable
is called Area. Units; cm?.

T1. User Thermocouple Channel 1. Units; °C
T2. User Thermocouple Channel 2. Units; °C
T3. User Thermocouple Channel 3. Units; °C

T4. User Thermocouple Channel 4. Units; °C
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10s Flux. A 10 second running estimate of soil CO, flux only found in the real
time display of data. Units; pmol CO, m2 ¢!

Total Volume. Total System Volume. Labeled Vtotal in the data and is computed
as follows, (Vtotal = Virga + Vcham + (chamber offset x Area)). Units; cm3.

Treatment Label. User entered information which can be prompted for and
included in a data record. Maximum of 30 characters.

Turn off flow pump. Shuts the pump off until the user ticks the button again or
the LI-8T00A is restarted.

Type.
Type 1 = Raw records

Type 2 = Initial Value

Type 3 = Mean

Type 4 = Range

V1. User Voltage Channel 1
V2. User Voltage Channel 2
V3. User Voltage Channel 3

Vin. Input (battery) voltage. Units; volts



D Equation Summary:
Final Variables

As described in Section 3, About LI-8100A Data Records, the Summary Records
consist of a number of Measured Variables, some of which appear in all
Observations, and some of which are optional, and a number of Final Variables of
Type 2, 3, or 4, as shown in Table 3-1.

As described in Section 4, Theory of Operation, the value of Cy;y is the
instantaneous water-corrected chamber CO; mole fraction called C'(t)in equation
(4-13); its initial value is computed from the intercept of a linear regression of the
first 10 points after the chamber closes. This is used as a parameter in the non-
linear regression that fits equation (4-13) to the C'(t) vs t data between the end of
the Dead Band and the end of the observation. This regression yields values
needed to obtain the soil CO; efflux rate. The discussion below describes how the

appropriate slope of Cgyy is computed and used to compute the Final Variables in
the LI-8100A Summary Records.

Computing the slope of Cqyy requires a three-step process:

1. Fit Cyry VS Etime for Type 1 data. This is called function f(t), which is shown in
Equation (4-13).

2. Compute time tj such that
to=f1(Cp) D-1
where Cy is the initial value of Cyy.

3. Compute the slope from the derivative of f(t) at time ty:

c

J
dry = f(1
o dtf(O)

D-2

Standard error of this slope (used for the Type 4 value of "9Cdry/at") is given by
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f SSp
E| o = | ———— D-3
S slope (11—2)Sn
where
SSg = 301 D-4

i=1

yjare the individual Cqyy values, f(t;) are the computed Cgyy values at Etime G, and n
is the number of points used.

n
Sy = Er2i-n(2)2 D-5

i=1

where t is the mean Egme. The coefficient of determination R? of the fit (used for
the Type 4 value of "CrvFit") is given by

R2-1-33E D-6
Syy
where
n
2. —\2
Syy= ) yi-n(y) D-7

i=1
where y is the mean Cgyy value.
Flux is computed from Equation (4-12).

The coefficient of variation (CV in %) of the Flux F. (used for the Type 4 value of
"Flux") is estimated by

2 2

E slope

Ep
Py

Er

CV| . =100
Flux )T +273

2
+ Ew — D-8
(1000-W

dc dry
dt
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where Ep, E7, and Eyy are the assumed absolute errors of pressure, temperature, and
water measurements. Ep, E7, and Eyy are all assumed to be 1.0.



Warranty

Each LI-COR, inc. instrument is warranted by LI-COR, inc. to be free from defects in material
and workmanship; however, LI-COR, inc.'s sole obligation under this warranty shall be to
repair or replace any part of the instrument which LI-COR, inc.'s examination discloses to
have been defective in material or workmanship without charge and only under the
following conditions, which are:

1. The defects are called to the attention of LI-COR, inc. in Lincoln, Nebraska, in writing
within one year after the shipping date of the instrument.

2. The instrument has not been maintained, repaired, or altered by anyone who was not
approved by LI-COR, inc.

3. The instrument was used in the normal, proper, and ordinary manner and has not been
abused, altered, misused, neglected, involved in an accident or damaged by act of God or
other casualty.

4. The purchaser, whether it is a DISTRIBUTOR or direct customer of LI-COR or a
DISTRIBUTOR'S customer, packs and ships or delivers the instrument to LI-COR, inc. at
LI-COR inc.'s factory in Lincoln, Nebraska, U.S.A. within 30 days after LI-COR, inc. has
received written notice of the defect. Unless other arrangements have been made in writing,
transportation to LI-COR, inc. (by air unless otherwise authorized by LI-COR, inc.) is at
customer expense.

5. No-charge repair parts may be sent at LI-COR, inc.'s sole discretion to the purchaser for
installation by purchaser.

6. LI-COR, inc.'s liability is limited to repair or replace any part of the instrument without
charge if LI-COR, inc.'s examination disclosed that part to have been defective in material or
workmanship.

There are no warranties, express or implied, including but not limited to any implied
warranty of merchantability or fitness for a particular purpose on underwater cables or on
expendables such as batteries, lamps, thermocouples and calibrations.

Other than the obligation of LI-COR, inc. expressly set forth herein, LI-COR, inc. disclaims
all warranties of merchantability or fitness for a particular purpose. The foregoing
constitutes LI-COR, inc.'s sole obligation and liability with respect to damages resulting
from the use or performance of the instrument and in no event shall LI-COR, inc. or its
representatives be liable for damages beyond the price paid for the instrument, or for
direct, incidental or consequential damages.

The laws of some locations may not allow the exclusion or limitation on implied warranties
or on incidental or consequential damages, so the limitations herein may not apply directly.
This warranty gives you specific legal rights, and you may already have



other rights which vary from location to location. All warranties that apply, whether
included by this contract or by law, are limited to the time period of this warranty which is a
twelve-month period commencing from the date the instrument is shipped to a user who is a
customer or eighteen months from the date of shipment to LI-COR, inc.'s authorized
distributor, whichever is earlier.

This warranty supersedes all warranties for products purchased prior to June 1, 1984, unless
this warranty is later superseded.

DISTRIBUTOR or the DISTRIBUTOR'S customers may ship the instruments directly to
LI-COR if they are unable to repair the instrument themselves even though the
DISTRIBUTOR has been approved for making such repairs and has agreed with the customer
to make such repairs as covered by this limited warranty.

Further information concerning this warranty may be obtained by writing or telephoning
Warranty manager at LI-COR, inc.

IMPORTANT: Please return the User Registration Card enclosed with your shipment so that
we have an accurate record of your address. Thank you.
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