Eddy Covariance System Operation and Maintenance

Jiahong Li
China, Aug. 2024



Outline

» Instruments for eddy covariance (EC) systems

» EC system operation

» EC system maintenance
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Instruments for an EC system

Cellular or satel
Communication

— Anemometer

—— Gas analyzers

lite 5

«—— Biomet system

~— SmartFlux
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Sonic Anemometer Manufacturers and and Models Supported
by LI-COR EC System

Available from LI-COR > RM Young

> GiII > 81000V, 81000RE,
81000VRE
> WindMaster

» WindMaster Pro » Campbell Scientific

Instrumen

» R3-50, R3-100 struments
> CSAT3

» HS-50, HS-100 > CSAT3R

> Metek

> uSonic Multi-Path Cage
> uSonic Multi-Path Class A
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LI-7500DS




LI-7200RS

Flow Module




LI-7700 Open-path CH4 Analyzer

No sampling

oumps or tubing Self-cleaning Low power

Rotating

Mirror = Solution
> Spray

W = 41 W
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Data Acquisition and Data Retention Modules

FE=d LT
e o,

Ability to daisy chain up to 4 DAgQM’s

Dedicated current channels QJJ

Power management and data back up with DRM %

Connects to SmartFlux 2/3 via RS 485




SmartFlux 2 or 3

USB Port
USB Status LED &+——@

USB Eject Button
h GPS Antenna Connector

“— Ethernet Connector

Power In Connector

[ 9-pin Connector

Digital I/0

Bistis 9-pin Connector

|_11-pin Connector Reset Button

> GPS clock and location
> Digital sonic data logging

» Sonic, gas analyzers, and Biomet data synchronization

> Embedded EddyPro and online data processing

> 16GB USB for storing about 6 months of data
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LI-COR Basic Biomet System
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LI-COR Standard Biomet System
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LI-COR Premium Biomet System
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EC System Hardware Setup with SmartFlux 3

Digital
[ LI-7500DS ]—

Digital
Systems
Interface

Ethernet

Ethernet

[ LI-7700 ]

Ethernet

[ Biomet |
System |

]

/ SmartFlux3

Embedded

Ethernet
Switch

Ethernet

|

Firmware (OS)

[
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J

L

USB
Drive

[ Sonic |
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Digital




EC System Hardware Setup with SmartFlux 2

LI-7550
LI-7200 Dedicated /
LI-7500A Analog ‘| ( )
DSP )
90
ADC B 5 m O
o z | | DT
) [Etheret , | SErv -0
[ LI-7700 ] © = H-
| © ~——
£ 5
Ll
[ Biomet ] Ethernet )
System | Ethernet | k /

:

<
Sonic (
» SmartFlux 2 USB
[Anemometer) Digital \ N Drive J




System Integration and Data Collection

SEETS ey aa
Eddy Covariance Flux oo *r' 28 v 828
& Biomet Systermns - =

)

Internet 1 1 1
Eddy Covariance
Stations Weather
LI-7550 Analyzer Stations
Interface Unit

Communications

(:umpute

SnarTFlux™
System

View Results & Download Data

with FluxSuite® Software
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System configuration, data monitoring and download

f7) LI-7500DS Open Path CO2/H20 Analyzer (172.25.27.203)

- O X

o

Date

2023-03-14

Time

13:46:51

Smart Flux Vin (v)

12.4

CO2 Signal Strength

99.067

Pressure (kPa)

98.08

C02 (mmol/mz=)

17.675

H20 (mmol/mol)

- A O @ 6 & & B &
Disconnect ' Site Setup LI-7500DS  LI-7700 Biomet  SmartFlux  Settings Dnag'lostcs C}wtng Config Files Download Help
o Connected to: sf3-05 CO2HIO Analyzer: -
Head serial number:  75D-00010
DSI: DSI-00112 L7700 None
Instrument WDEi LI-7500D5 Biomet S‘fStEI'I'I: LI-COR. D.ﬁQM (Sf3'05}
SmartFlux: sf3-05
Logging Status: Logging Sonic Anemometer: Digital: Young: 81000V
Siart
USB Size: 14.9GB (RM Young 81000 V)
O stop |
USB Free Space: 2.0GB
Last Run: 2023-03-14T130000 SmartFlux Status: Cannot Contact Status Server
- H (W/m2)
=z ®
§¢ o™ A
* . L]
L 250 . b
~ -
.
- 200 i T 4
E=3 180 F Fa ! .
4, »
0 100 4 ! o » ]
[ |
) ®
E 50 .o d - .' Py
= 0 -| oveusugan, scmapall w AN #
o *ﬂ M
12 Mar 00:00 12 Mar 12:00 13 Mar 00:00 13 Mar 12:00 14 Mar 00:00 14 Mar 12:00
Duration (days): |3 “ Field: |H (W/m2) v

3.90
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FLUXSUITE

B
fuxsume €@ Map A\ Sstations weicome, jane smitn Kb Setup  §B support (@) Logout
AV 4

AlU-0288

A\ Manage Alerts

a © 0 © O

biomet LI-7500A LI-7700 SMARTFlux™ sonic

Il stations & station Dashboard @ station Information

@) communications

)

\ 7Y Storage

in the last 7 days.

l!a QA/QC

nspiration (mm hour-1) Ambient air pressure (pas)

. i)
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® 0 a

1 Sorage

o ® @
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@ Communications

in the last 7 days
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LI-7500/A/RS/DS Checklist

Every Site Visit Seasonally

Check readings Check calibration
Check diagnostics Check/Replace Internal Chemicals
Check and tighten cables

Clean optical windows




LI-7200/RS Checklist

Every Site Visit Seasonally

Check readings Check calibration
Check diagnostics Check and replace filters (intake, pump)
Check and tighten cables Check/Replace Internal Chemicals

Clean optical windows/cell/tube

Check tubing (intake, exhaust)




LI-7700 Checklist

Every Site Visit Seasonally

Check readings Check calibration

Check diagnostics Check/Replace Internal Chemicals
Check and tighten cables
Clean optical mirrors

Check washer accessory and refill




Smartflux Checklist

/) LI-7500DS Open Path CO2/H20 Analyzer (172.25.27.203)

Disconnect Site Setup LI-7500DS  LI-7700 Biomet

"5_ Conne

A O O ©

® & | = m|za &
Config Files

SmartFlux  Settings | Diagnostics Charting

Download  Help

Head
DSI:
Instrul

Results

Wind

I Real Time

Loggin
USB Si
USB Fi
LastR

@ Diagnostics

Status Waveform SmartFlux Advanced

Clock:
GPS Firmware Version:
Time Source:
Reading GPS Receiver Time?
Synced To GPS Satellite Time?
GPS Satellites Detected:
Time sources consistent?

Sonic Data Collection:
Connection State:

Receiving Data?
Recorded to GHG File?
Digital Sonic Files Storage Capacity:

EddyPro:

FluxSuite:
GPS 18x-LVC software ver. 4.00  FluxSuite URL Configured?
Primary Time Source
Yes
Yes

6
Unknown Data Repository:
No GHG IP Address Upload to Data Repository Enabled?

System Database
Database Size:

Most Recent File Processed Without Errors? Yes

Last File Successfully Processed:
Last File Copied to USB Storage:
CO2 Raw file Storage Capacity:

SmartFlux USB Storage:
Present?
Writable?

2023-10-04T073000_sf3-05.ghg
2023-10-04T073000_sf3-05.ghg
Good

Yes
Yes

Status Refresh Rate: Once Every 15 seconds

O

No



Biomet Checklist
- A 6 ® 6 O B = W B &L O

Disconnect Site Setup LI-7500D5  LI-7700 Biomet SmartFlux Settings Diagnostics Charting | ConfigFiles Download Help

& Connected to: —faas LI | Date
. Heed seridl i) Biomet System
DSI:
istument Instrument ~ Data
Logging Statu! Sensor Name Type Units Value
USB Size: ABSURD 111 other W/m~2 -9999
USB Free Spad ADC_1_1.1_1 other other -0.000244173
ADC_2 1.1 1 other other -0.000256931
Last Run: CHK_ 111 other other 125
DAQM T_1_1_1 other o 10.5391
\ 4 DAQM_V_MAIN_1_1 1 other v 12,2933
» ) DRM_POWER_STATUS_1 ... other other 15
E 424 DRM_V_BATTERY_1_1_1 other v 12.4342
DRM_V_MAIN_1_1_1 other v 11.4594
— ~ 4 EVI RoX_1_1 1 other other 0.1736
g
= =
£ i 423 8 Auto Refresh every 60 seconds « Refresh
. O
E 423




Cleaning the windows and mirrors

Normal conditions:

Mild detergent

Glass cleaner

Distilled or deionized water

Glass cleaning cloths

Lens cleaning tissue

Special conditions — chemical or water deposits:
» Vinegar

» Soak and then wipe with cloths

» Rinse with distilled or deionized water

DO NOT USE

» Abrasive: Polishing compound, toothpaste, etc.
» Corrosive Acid: Hydrochloric acid, HydroFloric acid, etc.

YV V VYV VYV V
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Cleaning the LI-7200/RS

/ Optical Windows

Loosen these
2 knobs

Removeable
Optical Bench
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Cleaning the LI-7700

> Window contamination and
cleaning

> Edge of mirror is more
important than middle
of mirror

> Don’t forget the top
mirror (always
manually)

Waszher Molos '
Power Caple
{pin 382-1021 1)

Ty Washar

s arv i - Il

Assam iy i il

{pin 0= 101 )

Fiawre 2.8, Washer nozzle arvembly and narbher
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Replacing the chemicals
LI-7500A/RS/DS and LI-7200/RS

p

y

» Teflon Membrane

Mg(ClQ4)2

\

Remove this
thumbscrew...

thread ino the
botte covers,

and pull straight
out. —

Ascarite 1l

Figure 6-3. Remove the thumbscrew, thread into the bottle covers and pull
straight out to access the scrubbing bottles.

Replacement requirement:
Normally, every 12 months

Hot, humid climates: every 6 months




Replacing the chemicals

LI-7700

Calibration

Optics RH: 12 % &

Last Zero: 2011-07-26 22:55:13
Last Span: 2011-07-26 23:01: 23

Factory Reset | | Zero CH4 | [SpancH4 | 10 ppm

Replacement requirement:

When RH > 30%
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Calibration for Li-Cor CO,/H,0 analyzers

Factory calibration User calibration

) Calibrati - o T
) Calibration ’) Calibration

Zero Span Span2 Signal Strength Coeffidents Manual History
Zero Span Span2 Signal Strength Coeffidents Manual

Head Serial Number: 75H-2538

Calibration Constants
co2 H20 Box Pressure (Absolute)

A [1.43495e+02 | A: [5.55184e+03 | AD: |58.935 | C0O2 Zero: |0.9028 ‘

B: -4,25818e+03 B: 4.03257e+06 Al: [15.529
H20 Zero: |0.8071
C: 4,65800e+07 C: -1.12538e+08

D: [-1.40512e+10 | xs: [0.00040 | CO2Span: |1.0033 ‘

E: |1.?5334e+12 | z: lz.smE-oz |

xs: [0.00280 sD1: [-2.140e-02 H20 Span: |0.9991 ‘
z: [3.000e-04 sp2: [1.243e01

sp1: [1.430e-02 SD3: [2.323e+00 |

sp2: [-1.138e-01 |

CO2Span 2: (0.0000 ‘

Signal Strength H20 Span 2: |0.0000 ]

SD3: |2.030e+00 Band Broadening:
B [0.30 |
Ar 1115 c |27

ox: |39671.4 ]




Calibration for LI-7'700 CH, analyzer

Factory calibration

LI-7700 CH4Analyzer

Performance Verification

Serial Number TGl-O_m

Date: 09 Aug 2013 Technician
Code: 27777 [ ———9
Settings
Zero=-32.618 set on 2013-08-09 23:29:34
Span = 9.70431e-05 set on 2013-08-09 23:38:41

serialnumber = TG1-0319
lasermoddepth = 11453

) laserstarttemp = 30.7 {

blockstarttemp = 30
blockstarttemplowrange = 5
rssidropthresh =0

pzero = 58.13

pspan = 1553
samplegain=0

refgain =0

mirrorpos =0

offset1 = 37500

User calibration

| Advanced Calibration:

fero:

CH4 Calibration

Zero Time:  2009-07-07 02:58:01 =
Spar:
Span Gas:  7.075

Span Time: 2009-07-09 17:48:42 |5

-43,9053]

8,51616e-05

N

Refresh H Apply H Close ]
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How often should | send the analyzer back
for factory calibration?

»Not necessary except the analyzer is broken.
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How often should | do user calibration?

»Must do:
» After changing internal chemicals
» After changing the chopper housing
temperature settings (summer and winder)
»>If the accuracy of CO, or H,0O readings is
over 1%

» Optional:
»>If the accuracy of CO, or H,0O readings is
within 1%

» Do not do:

»H20 span if you do not have an LI-610 Dew
Point Generator
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Gas standards for a user calibration

> Span gas
> Known concentration in a balance of air (1% or better)
» Dew point generator
> VOC (Volatile Organic
Compound) free for
LI-7700

> Zero gas
> Chemicals
» CO,-free air
> N,
» VOC (Volatile Organic Compound) free for LI-7700
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How to do user calibration for CO, and H,07?

L)

- A 6O O 6 & &

Disconnect Site Setup LI-7500A

Connected to:

Head serial number:

Instrument type:

Logging Status:
USB Size:
USB Free Space:

[ Real Time

Vv
v
V'

iagn

LI-7700 Biomet SmartFlux  Settings Di

7) Calibration

| Zero  Span Span2 Signal Strength Coeffidents Ma

L

Gas Stability
dCO2 Absorbtance/dt:  —————

dH20 Absorbtance/dt: -

*When the slope, for 20 seconds of data, is less than 1
perform a calibration. For best results, the output rate
should be set to 1Hz or faster,

CO2 Zero

Last CO2 zero performed on:  ————

Zero CO2

H20 Zero

Last H20 zero performed on:  ~——--v-=-

Zero H20

> Must clean the widows first

» Must have thermistor cable connected to the LI-7550

Air In

Calibration
Accessory

Air Out

Thermistor
Cable-Connect
to Sensor port
on LI-7550

» Watch signal strength before and after calibration shroud installation
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How to do user calibration for CH,?

“ LI-7700 Open Path CH4 Analyzer; TG1-0455 (via TCP: fe80:21c:94ff:fe04:2c8h) — O x>
=N 3/0@I0@d2 | O
Charting Logging (LI-7550 Not Present)  Status Calibration
Confiure. .. PC... o 0 Signal Path is Clear: @ OpticsRH: 9% @
Laser Control: @@ |lastZero:  2018-02-0113:39:02
Data Page 1: 1 Chart v = Heater: (%3 ofF Last Span: ZDIE{H—ZE 16:51:35
Data Page 2@ 2 Charts w Spin Motor: @ @ Zero CH4 |_ Span CH4 Elppm

JataPage 1 DataPage 2 Diagnostics Page 1

» Must clean the mirrors first.
» Check temperature and pressure readings to make sure they are normal.

» Will take a long time due to the large volume of calibration shroud.
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Thank you
Questions?

L1 COR
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