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1 DESCRIPTION
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1.1 Purpose

Routine preventive maintenance is imperative to ensure the proper functional and operational
capability of National Ecological Observatory Network (NEON) systems, and the preservation of NEON
programinfrastructure. This document establishes the mandafomycedures and recommended

practices for preventive maintenance of tkeldy Covariance Systenisddy Covariance Storage

Exchange (ECSE) and Eddy Covariance Turbulent Exchanged@&GoE) andnfrastructure to meet

the objectives of the NEON mymam andits respective stakeholders and end users.

1.2 Scope

Preventive Maintenance is the planned maintenance of infrastructure and equipment with the goal of
improving equipment life by preventing excess depreciation and impairment. This maintenance
includes, buis not limited to, inspecting, adjusting, cleaning, clearing, lubricating, repairing, and
replacing, as appropriate. The procedures in this document are strictly preventive.

This document specifically addresses the preventive procedures to maintain tyelgdriance

Storage Exchange (ECSE) and Eddy Covariance Turbulent Exchange (ECTE) for all NEON terrestrial
instrumentationsites(T1S) This covers the ECSE and ECTE subsystems and infrastructure in the
Instrumentation Hutand Tower.

Pagel of 191



-

neen

Operated by Battelle

Title: NEON Preventive Maintenance Proceditddy Coariance Systems

Date 12/01/2022

NEON Doc.:NEON.DOC.004134

Author. C. Slemmong;. Lw, M. CavileerC. Vaglia, T.

Hehn, D. KathR. Zulueta RevisionE

2 RELATED DOCUMEMND ACRONYMS

2.1 Applicable Documents

The following aplicabledocuments(AD)containmandatory requirements and/or supplementary
information thatare directly applicable tthe topic and/or procedures herein. Visit ti¢EON Document
Warehousdor electronic copies of thesgocuments.

AD [01]

NEON.DOC.00430

Environmental, Health, Safety and Security (EHSS) Policy, Progra
and Management Plan

AD [02]

NEON.DOC.00430

EHSS Environmental Protection Manual

AD [03]

NEON.DOC.00431

Operations Field Safety and Security Plan

AD [(1]

NEON.DOC.05000

Field Operations Job Instruction Training Plan

AD [05]

NEON.DOC.00363

Preventive Maintenance Procedure: Environmental Enclosure

AD [06]

NEON.DOC.00143

TIS Comm Interconnect Map

AD [07]

NEON.DOQG03565

Hut Gas Cylinder Configuration

AD [08]

NEON.DOC.00080

Eddycovariance Turbulent Exchange Subsystem Level 0 Prime D
Products ATBD

AD [09]

NEON.DOC.00142

TIS Hut, Rack DAS and PDS Interconnect

AD[10]

NEON.DOC.00046

NEON Sensor Command, Control and Configuration (C3) Documg
Eddy Covariance Storage Exchange

AD [11]

NEON.DOC.00045

Neon Sensor Command, Control and Configuration (C3) Docume
EddyCovariance Turbulent Exchange Subsystem

AD [12]

NEON.DOC.00416

Location Controller (LC) Commaarttd Control User Manual

AD [13]

NEON.DOC.00276

TIS Subsystem Architecture, Site Configaraind Subsystem
Demand by Site SCMB Baseline

AD [14]

NEON.DOC.00377

ECSE Compressed Gas Cylinder Change and Dilution Pressure R
Procedure folPressure Reduction Regulator

AD [15]

NEON.DOC.00427

ECTE Compressed Gas Cylinder Change and Dilution Pressure R
Procedure for Pressure Reduction Regulator

AD [16]

NEON.DOC.00242

Isotopic Water Calibration Fixture Manual L1W200

AD [17]

NEON.DOC.00488

How-To: Field Microsoft Windows Operating System (OS) Softwal
Update Procedure for the PICARRO G218id L2130 Analyzers

AD [18]

NEON.DOC.00448

TIS DASIut Subsystems Formal Verification Procedures

AD [19]

NEON.DOC.00463

TIS Verification Checklist

AD [20]

NEON.DOC.00498

NEON Preventive Maintenance Procedure: Site Infrastructure

AD [21]

NEON.DOC.00524

NEONStandard Operating Procedurfeddy Covarianctorage
Exchange (ECSEAs Line Cleaniri®yocedure

AD [22]

NEON.DOC.XXXX]

Command and Control (CNC) Configuration Values Template

AD [23]

KB0012946

Mandatory Information Requirements for Returning Instrument
System (IS) Items to HQ via ServiceNow

AD [24]

KB0012702

Sensor Refresh Command and Control (CNC) Program Reporting
Requirements

AD [25]

NEON.DOC.00503

NEON Standard Operating Procedure (SOP): Sensor Refresh
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https://neon.service-now.com/sp?id=kb_article_view&sys_kb_id=7f1876a91b41891448ea8771604bcb09
https://neon.service-now.com/sp?id=kb_article_view&sys_kb_id=f07a7a8f1bc789507a5753d1604bcb75
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.005038.pdf
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2.2 Reference Documents

The RferenceDocuments(RD) listed belownay provide complimentarinformationto support this
procedure Visitthe NEON Document Warehous electronic copies of thesdocuments.

RD [01] | NEON.DOC.00000] NEON Acronym List

RD [02] | NEON.DOC.00024| NEON Glossary derms

RD [03] | NEON.DOC.05000| Field Operations Job Instruction Training Plan

RD [04] | NEON.DOC.00487| TIS Site Complete Power Shut Down Procedure

RD [05] | NEON.DOC.00410| Instruction, Assembly, Air Intake, 5ES, Orifice 42

RD [06] | NEON.DOC.00363| Instruction, Assembly, Air Intake, SES, Boom 42

RD [07] | NEON.DOC.00306| Instruction, Tube Fitting Installation

RD [08] | NEON.DOC.00370| Instruction, Assembly, Heated Inlet Tube, IRGA

RD [09] | NEON.DOC.00425| All Systems Standard Operating Procedure: Decontamination of
Sensors, Field Equipment, and Field Vehicles

RD [10] | NEON.DOC.00070| NEON Bolt Torgue Specification

RD [11] | NEON.DOC.00306| Instruction, Teflon Pipe Tape Application

RD [12] | CD@15003 Assembly 24VDC Pump and ConBabkset Mounting Brackets, .025
inch Tube Connectors

RD [13] | NEON.DOC.00076| Electrostatic Discharge Prevention Procedure

RD [14] | NEON.DOC.00488| NEON Installation Procedure: Environmental Enclosure POoweer

RD [15] | NEON.DOC.00159| Schematic, Environmental Enclosure

RD [16] | NEON.DOC.00445| Hut Dehumidifier (ECSE) Formal Verification Procedures

RD [17] NEON IS Tools Consumables and Parts List v3.0

RD [18] | NEON.DOC.00532] HOWTO CAP UNUSED GAS LINES ON ECSE GAS PLATES CIl
AND CD08330010

2.3 ExternalReferences

The external references (ER) listed below may contain supplementary information relevant to

maintaining specific commercial products that make up the infrastructure of the ECSE/ECTE systems.

External references contain information pertinent tas document, but are not NEON configuration
controlled. Examples include manuals, brochures, technical notes, and external wdbsitessue with
a product requires the involvement of the manufacturer, NEON Headquarters (HQ) will contact the
manufactuer or provide Field Operations (FOPS) the authority to contact vialEH@N Issue
Management System

ER [01]

Department of Labor, Occupational Safety and Health Administration (OSHA&yaGen
Industry Standard 29 Code of Federal Regulations (CFR) 1910.101, Compressed Gas
Association's (CGA) Pamphlet6-0993, C8-1997, and P1-1999.https://www.osha.gov/

ER [02]

National Fire Protection Association (NFPA)G&mpressed Gases and Cryogenic Fluids
Code 2016 .http://www.nfpa.org/

ER [03]

Department of Health & Human Services (HHS), National Institute for Occupational Saf
and Health (NIOSHEompressed Gases Selpection Checklisiune 14, 2014.
https://www.cdc.gov/niosh/docs/2004.01/chklists/r1n29c~1.htm
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https://neoninc.sharepoint.com/sites/warehouse/Documents/Forms/AllItems.aspx
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.004316.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.004879.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.004100.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.003637.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.003065.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.003701.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.004257.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.000705.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.003066.pdf
https://neoninc.sharepoint.com/sites/warehouse/Drawings/CD07150000.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.000769.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.004882.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.001599.pdf
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.004458.pdf
https://neoninc.sharepoint.com/:x:/r/sites/fopscollaboration/_layouts/15/Doc.aspx?sourcedoc=%7B91EEF498-3E97-4DB1-AD97-8BEFF4584EC5%7D&file=NEON%20IS%20Tools%20Consumables%20and%20Parts%20List%20v3.0.xlsx&action=default&mobileredirect=true&wdLOR=c9AD72D36-D50D-4C19-AF2F-2DDAC9DE10A3&cid=8c37f671-5811-44ee-bbd5-2983c4f9c898
https://neoninc.atlassian.net/secure/Dashboard.jspa
https://neoninc.atlassian.net/secure/Dashboard.jspa
https://www.osha.gov/
http://www.nfpa.org/
https://www.cdc.gov/niosh/docs/2004-101/chklists/r1n29c~1.htm
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ER [04]

GASTGAST 31, 32, 33,3 Series Olless Vacuum Pumps and Compressors Operation
Maintenance Manualhttp://gastmfg.com/uploads/manuals/7@05-H.pdf

ER [05]

GAST Rotary Vane Pump Rebuild (to maintain andrrppaips, as appropriate),
https://www.youtube.com/watch?v=1h6pj4wrJIU

ER [06]

Swagelok, Inc. YouTube Channel for Tech Tips and Training Procedures for Maintenar
https://www.youtube.com/channel/UC0ODJ35Lbnay:BlsH6EbthA

ER [07]

General Electrig@g 2 RSt ! 59 pn[w 5SKdZYARAFASNI ! &a$
http://products.geappliances.com/MarketingObjectRetrieval/Dispatcher?RequestType=PDF&Na|
9-77072.pdf

ER [08]

Comet Systems, Transn@ts and Regulatord;7310 Industrial Temperature, Humidity, Bar
Pressure TransmitterRS232 Output,
http://www.cometsystem.com/products/temperaturBumidity-pressuretransmittersand-
requlators/t731G8industriattemperaturehumidity-bar-pressuretransmitter-rs232output/reg-
T7310#technical _dail

ER [09]

PICARRO In®icarro G2101 Analyzer for Isotopic GD & SN & D dzZR& Svah 6y
2012.www.picarro.com

ER [10]

SwagelokIncl, y Ly adl ft SNRa t201S0 ,Domis&addkzadl {

ER [11]

http://www.swagelok.com/downloads/webcatalogs/EN/MBE3-151.PDF
AMPROBEMULB300ULBo nn ! £ GNIF a2y A0 [ SI ,JRevb(R,EBglsh. 2
http://content.amprobe.com/manualsA/TMUL-B00 ULEB0O Ultrasonid_eakDetectors Manual.pdi

ER [12]

Campbell Scientific, CSAT3 Three Dimensional Sonic Anemometer Instruction Manual
Revision 2/15https://s.campbellsci.com/documents/us/manuals/csat3.pdf

ER [13]

JIRA, NEGBI151. DO2DSNY: E1200- Dirty Optical Windows and Low Measured
Values/Signal Strengti,3/Dec/16.https://neoninc.atlassian.net/browse/NEGBI151

ER [14]

LFCOR, 840 C@H,0O GAS ANALYZER Instruction Manual.
https://www.licor.com/documents/y10gor2jal2p3t8ev4hm

ER [15]

LFCOR, EF200 C@H20 Analyzer, Instruction Manual. Publication No. 98664.
ftp://195.37.229.5/pub/outgoing/okolle/For_Divino/Manuals/LicorfZP00_Manual.pdf

ER [16]

PICARRONSTALLATION L2430 L2126 Analyzer & Peripherals82012.pdf
SHAL: 1ab3ad5f33bb7249599a41d70bfb1c777a99806d

ER [17]

PICARRO, OPERATION, DATA ANALYSIS, MAINTENANCE, TROUBLESHOQ@TING |
L2120i Analyzer & Peripherals 82012.pdf
SHA1e946d4da9d3d55a6c49a27efb116146a93d3802c

ER [18]

PICARRO, Picarro Autosampler User's Manual-7e2(8.2. pdf
SHA1: 8888d5bec77a7bbd3d73049baf0f20741344324c

ER [19]

PICARRO, L2188ligh Precision Isotopic Water Analyzer Data Sheet

SHA1: a293c85e07b91ciBtlac6aae58283723c25fa
http://hpst.cz/sites/default/files/attachments/datasheetl2130i-high-precisionisotopicwater-
analyzer102615.pdf

ER [20]

SharperTEK, Ultrasonic Cleaners, User ManuahegiEs
http://lib.store.yahoo.net/lib/yhst42112424359421/SiSeriesManual.pdf

ER [21]

Fluke Corporation, 80 Series V Multeter Quick Reference Guide, May 20@4w.fluke.com

ER [22]

Xsens, MTi 18eries and MTi 106eries User Manual, Rev 1, MT0605P, 20 December, 2(
SHAL: e342a14581e689a6f5bc42221d493eal2b2d0d16
https://www.xsens.com/download/usermanual/MTi_usermanual.pdf

ER [23]

PICARRO Inc., G213Analyzer for Isotopic GData Sheet
SHAL: 29bb6ba6e5694aee26ca2303e19223ffe79{8e48
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http://gastmfg.com/uploads/manuals/70-205-H.pdf
https://www.youtube.com/watch?v=1h6pj4wrJIU
https://www.youtube.com/channel/UC0DJ35LbnayzW-bJsH6bthA
http://products.geappliances.com/MarketingObjectRetrieval/Dispatcher?RequestType=PDF&Name=49-7707-2.pdf
http://products.geappliances.com/MarketingObjectRetrieval/Dispatcher?RequestType=PDF&Name=49-7707-2.pdf
http://www.cometsystem.com/products/temperature-humidity-pressure-transmitters-and-regulators/t7310-industrial-temperature-humidity-bar-pressure-transmitter-rs232-output/reg-T7310#technical_dataa
http://www.cometsystem.com/products/temperature-humidity-pressure-transmitters-and-regulators/t7310-industrial-temperature-humidity-bar-pressure-transmitter-rs232-output/reg-T7310#technical_dataa
http://www.cometsystem.com/products/temperature-humidity-pressure-transmitters-and-regulators/t7310-industrial-temperature-humidity-bar-pressure-transmitter-rs232-output/reg-T7310#technical_dataa
http://www.picarro.com/
http://www.swagelok.com/downloads/webcatalogs/EN/MS-13-151.PDF
http://content.amprobe.com/manualsA/TMULD-300_ULD-300_Ultrasonic-Leak-Detectors_Manual.pdf
https://s.campbellsci.com/documents/us/manuals/csat3.pdf
https://neoninc.atlassian.net/browse/NEON-5151
https://www.licor.com/documents/y10gor2jal2p3t8ev4hm
ftp://195.37.229.5/pub/outgoing/okolle/For_Divino/Manuals/Licor/LI-7200_Manual.pdf
http://hpst.cz/sites/default/files/attachments/data-sheet-l2130-i-high-precision-isotopic-water-analyzer-102615.pdf
http://hpst.cz/sites/default/files/attachments/data-sheet-l2130-i-high-precision-isotopic-water-analyzer-102615.pdf
http://lib.store.yahoo.net/lib/yhst-42112424359421/SH-Series-Manual.pdf
http://www.fluke.com/
https://www.xsens.com/download/usermanual/MTi_usermanual.pdf
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http://hpst.cz/sites/default/files/attachments/datasheetj213ti-crdsanalyzerisotopicco2-oct15.pdf
ER [24]| Swagelok, Inc. An InstalldPecket Guide for Swagelok Tube Fittings.
https://www.chem.purdue.edu/docs/chemsafety/chem/Swagel okPocketinstallerGuide.pdf

ER [25]| Comtrol PortVision DX fd?oE Switchesittp://www.comtrol.com/resources/productesources
white-papers/additionalresources/portvisiox

ER [26]| Eaton. 9PX 8000PX 11000, 9PXxtended Battery Modul40V Installation and User
Manual, 811kVA US_EN. 2018tp://lit.powerware.com/ll_download.asp?file=6189275
02_EN%20(welpdf

ER [27]| NEON Science, YouTubgtldy Covariance: Measuring an Ecosystem's Brégifil 18, 2017.
https://youtu.be/CR4Anc8Mkas

2.4 Acronyms

Acronym | Description Acronym | Description
H Deuterium(lsotope of Hydrogen) KVM Keyboard, Video and Mouse
15C Isotope of Carbon LC Location Controller
180 Isotope of Oxygen LCD Liquid Crystal Display
3D Three Dimensional LED LightEmitting Diode
AR As Required LPM Liters Per Minute
AHRS Attitude and Heading Reference Systen] MFC Mass Flow Controller
AMRS | Attitude and Motion Reference System | MFM Mass Flow Meter
ARC Assembly., Repair and Calibration MER Mass Flow Rate
Laboratories
CH Methane ML Measurement Level
CFG Configured MSDS Material Safety Data Sheet
CGA Compressed Gas Association NEMA Natloqal _Electrlcal Manufacturers
Association
CGC Compressed Gas Cylinder NMP 1-methyl2-pyrrolindinone
CNC Command and Control P/N Product Number
CQ Carbon Dioxide PDU PowerDistribution Unit
CRDS Cavity Rindoown Spectroscopy PoE Power over Ethernet
CVAL Calibration, Validatiorand Audit PPE Personal Protective Equipment
Laboratory
DMM Digital MulttMeter PPM Parts Per Million
DOT Department ofTransportation PPMV Parts Per Million by Volume
DPress | Differential Head Pressure {L200RS PRT Platinum Resistance Thermometer
ECTE Eddy Covariance Turbulent Exchange | PSI Pounds Per Square Inch

ECSE Eddy Covariance Storage Exchange PSIA PoundsPer Square Inch Absolute
EHSS Environmental Health Safety and Secur| PSIG Pounds Per Square Inch Gauge

ENG Engineering SCCM Standard Cubic Centimeters Per Miny
FEP Fluorinated Ethylene Propylene SHA1 Secure Hash Algorithm

FTP File TransfeProtocol SLPM Standard L&r Per Minute

GPS Global Positioning System SPD Surge Protection Device

GUI Graphical User Interface SS Stainless Steel

H.O Water TEP Terminal Emulator Program
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http://hpst.cz/sites/default/files/attachments/datasheet-g2131-i-crds-analyzer-isotopic-co2-oct15.pdf
https://www.chem.purdue.edu/docs/chemsafety/chem/SwageLokPocketInstallerGuide.pdf
http://www.comtrol.com/resources/product-resources-white-papers/additional-resources/portvision-dx
http://www.comtrol.com/resources/product-resources-white-papers/additional-resources/portvision-dx
http://lit.powerware.com/ll_download.asp?file=614-09275-02_EN%20(web).pdf
http://lit.powerware.com/ll_download.asp?file=614-09275-02_EN%20(web).pdf
https://youtu.be/CR4Anc8Mkas
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HQ Headquarters TIS Terrestrial Instrumentation Site
IP Internet Protocol UPS Uninterruptable Power Supply
IRGA Infrared Gas Analyzer USB Universal Serial Bus
JSA Job Safety Analysis uv Ultraviolet
KPa kilopascal WLM Wavelength Monitor
kPaA Kilopascat, Absolute Pressure XML Extensible Markuphanguage
kPaG Kilopascat, Gauge Pressure

2.5 Terminology

The use of common names for NEON instrumentation and subsystamesacross departments and
Domains.The aim of this section is tmnsolidate terminology sbield Ecologistare aware of the
component referenced in the procedures herein, but also aware they may be called another term in a
group discussion withQor training staff.

SYNONYMOUS COMMON NAME(S) NEON TECHNICAL REFERENCE NAME
Attitude and HeadindReference System (AHRS) Accelerometer, Attitude and Motion Reference
Accelerometer, Inclinometer System (AMRS)

CQ Laser, CQAnalyzer, Cdsotopic Laser, .
Isotopic C@ Analyzer Module PICARR@2131l CQ Analyzer for Isotopic CO

CSAT, Sonic, 3®ind, 3D Sonic Campbell Scientific CSAT3 3D Sonic Anemom:
ECSE IRGA, ECSE Delg(850 Non

Dispersive Infrared (NDRI) Gas Analyzer LICOR L840/850 Infrared Gas Analyzer (IRGA)
ECTE Control Box LICOR L1550 Interface Unit for the LEY200RS

ECE IRGA, IRGA 7200 or Heated Inlet Tube
Assembly, IRGAQGQ/H20 Infrared Gas Analyzer
Environmental Probe, Platinum Resistance
Thermometer (PRT), ECSE Rack EAMET
National Electrical Manufacturers Association
(NEMA) Enclosure, Environmental Enclog&te),
Environmental Chamber, Enviro
Chamber/Enclosure

LICOR H1200RSInfrared Gas Analyzer (IRGA)

COMET T7610 Temperature Monitor

Tower Top Environmental Enclosure

NEMA Enclosuréddevice Post Tower Power Box

NEMA Enclosurédevice Post Tower Communications (Comm) Box
NEMA Enclosure, Gas Breakout Box Gas Junction Box, Tower Base
Profile System Eddy Covariance Storage Exchange
Septum Septa

Water (HO) Laser, kD Analyzer, kD Isotope
Laser, Isotopic #, Analyzer Module
Vaporizer PICARRO Vaporization Module
Maximo, AssetWorks Asset Lifecycle Management System

PICARR@2130I Analyzer for Isotopic D
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3 SAFETY AND TRAINING

Personnel working at a NEON site must be compliant with safe fieldwork practices in AD [03] and AD
[01]. The Field Operations Manager and the Lead Rseldiogisthave primary authority to stop work
activities based on unsafe field conditions; however, all employees have the responsibility and right to
stop work in unsafe conditions.

All FieldEcologistsnust complete safety training and procedwspecific training to ensure the safe
implementation of this protocol per AD [03]. Refer to the sifecific EHSS plan via the NEON Safety
document portal for electronic copies.

Preventive maintenancef the Eddy Covariance Systems may require the use of a special equipment to
access the sensor subsystem assemblies. Follow DomaspsitgficEHS planand NEON safety training
procedures when conducting maintenance activiti€enduct a Job safety Algais (JSA) prior to

accessing the sensor subsystems onsite. ReferencelyildEONSafety Office SharePoiniebsitefor

JSA templates and additional hazard identification information.

In the event the current method to conduct the procedures herein are no longer safe for use due to
unforeseen or unknown site dynamics, consult with the NEON Safety Office via the NEQiiREDa
Issue Management and Reporting System (ServiceNow) for alternative oaho conduct TIS
preventive/corrective maintenance and Sensor Refresh procedures.

@ Note: Compressed Gas Safety guidelinesrafd [01junder Section 23 of the NEON.DOC.004300
EHSS Policy, Program and Management Plan.
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4.1 Description
4.2 Eddy Covariance Science: A Brief Introduction

Eddy Covariance is a micrometeorological measurement technique for directly quantifying the exchange

of mass, momentum, and energytiieen the biosphere and the atmosphere. It measures the net

exchange (i.e., flux) of scalar entities likexGCH, NeO, water vapor, heat, and other gases between the
SIFNIKQa adzNFIFOS 606A0GKAY OFy2LIASa0 yR (GKS |GY2aLXK

¢tKA&d SEOKIy3S 200d.2NBE o0& GSRRAS&:E Ay (GKS S6AYyRO® ! A
roughness causes wind to tumble and create various eddies that entrain heat and trace gases into the

air. These eddies transport the heat and traceagaalong with the wind across the landscape (see

Figurel).

Figurel. Wind Flow Transporting Heat and Trace Gases Acrosstapme(Burba 2013)

Eddy Covariance Turbulence Exchange (ECTE) is the covariance between the turbulent fluctuations of
the vertical wind, and the concentration fluctuations of the scalar entity of interest. Quickly collecting
accurate measurements tlie vertical wind, while simultaneously taking measurements of a scalar
entity (e.g., C@ CH, HO), enables capturing measurement rates and magnitudes between the
biosphere and the atmosphere.

The ECTE system instruments aim to measure the exchange of heat and gases in a region above
canopies, the inertial sublayewsr the constant flux layer. This one of the reasons the NEON gram

requires tower heights to reach a certain height above canopy. The optimal mixture of air via turbulence
occurs within this layer; the flux value within the constant flux layer is constant (hence the name). It
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remainsconstant regardless of the tower height for measurement collection within the layerHigere
2). NEONancollect the same flux value from beloWwea mixed layer from above the roughness layer.

1000-2000 m

Mixed
layer

Top of atmospheric boundary layer

100-150 M = m = = m o m e m e e e e

Constant flux layer
(Inertial sublayer)

152 N m e oo e e o

Roughness
sublayer

Figure2. Optimal Measurement Level for ECTE: Constant Flux Layer (Inertial Su{Bayles) 2013)

Immediate surroundings, such as trees, may influence the measurements deriving from the canopy
surface; too close to the surface (the roughness sublayEigare2). Collecting measurements from
high above the canopy, where the air disperses amongst a wider area (the mixed IgigarraR), may
fail to represent the ecosystem (too high above the surface). In summation, both layers above and
below the constant flux layer vary in flux value due to external variables. These biosphere and
atmospheric constraints make the constant flux layer ideat@dlecting ECTE measurements.

The NEONpgramQa 9/ ¢9 &d@aGSY YSI adza2NBa
science requirements, which include installation and implementation within the inertial sublayer using
custom designed terrestl instrumentation system (i.e., NEON TIS Towers). However, employing
accurate sensor technology and adapting infrastructure to achieve the optimal height are only two
pieces of the equatiorSuccessful measurement is dependent on the sufficient turbmliimg of the

air.
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Conditions exist where insufficient turbulent mixing occurs, such as during calm winds, still nights, or
within forest canopies. During these conditions, the ECTE system fails to quantify the measurement of
the biospheres surface exchgm of the scalar entities (i.e., €@H, NeO, water vapor, heat, and other
gases) because there is either an accumulation or depletion within the air below the height of the
canopy top, and subsequently the ECTE system. The accumulation or depletiortiétbanopy is the
Gad2NI 3S¢ STFSOG 2F GKS aO0lftFN SyiAdAaASa sAGKAY GK
measurement in determining accurate estimations of both the biosphere and atmosphere surface
exchange. Unfortunately, the ECTE system cameatsure this effect within a canopy; it must

accompany an additional measurement system to capture the surface exchange occurring beneath the
canopy.Accurate measurement of surface exchange requires measurements in nearly all atmospheric
conditions.

The9 RRe& / 2@ NAFyOS { (2N} 3S 9EOKIy3aS 69/ {90 &aeaisSy
scalar entities within a canopy. The NEONgpaoQa 9/ {9 &aeadSy YSI adaN®¥a 3l a ¢«
different tower measurement levels, from the ground surface to abitneecanopy. This allows NEON to

capture measurements of gas concentrations over time (i.e., measuring the gas concentration profile),

FYR OFfOdzA S GKS FY2dzyd 2F dad2NF IS¢ 200dz2NNAyYy3I 4
measurements from the ECS¥stem with the measurements from ECTE system enables NEON to

capture more complete and accurate estimations of the true surface exchange (flux) amongst a NEON

TIS Tower site ecosystem.

A summary video from NEON about Eddy Covariance is available at the followlBddin€ovariance:
Measuingl y 9 0238aiSYQa . NBI (K

ECIE INSTRUMENTS (SENSORS)

The ECTE system uses the followistyumentation to measure turbulent fluctuations tiree
dimensionawind, CQ and water vapor concentrations
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Campbell Scientific CSAT3 3D Sonic
Anemometer with Accelerometer, Attitude LICOR LV200/ RSIRGA with the L4
and Motion Reference System (AMRS) 7550 Analyzer Interface Unit
(AMRS not shown)

ECSE INSTRUMENTS (SENSORS)

The ECSE system uses the following instrumentation to megag(€Q and water vapor)
concentrations and stable isotope'fC in CQ@ 1 #0 andt 2H in water vaporfoncentrations along the
vertical profile throughout the canopy.

PICARRO L213I0Analyzer
PICARRO G2131 for Isotopic RO,
Analyzer for Isotopic C® Vaporizer, and
Autosampler

LICOR 840/850 IRGA

The ECSE and EGYy&ems reside on common infrastructures. Preventive maintenance procedures for
these common infrastructures are applicable to both systems, which are addressed first herein,
following a logical order of operations (e.g., conduct remote condition moniyguiior to arriving

onsite; perform maintenance in the Hut; perform maintenance on the Tower; verify operations in the
Hut/Tower; continue remote conditioning monitoring and repeat the cycle), unless stated otherwise.
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4.3 Sensor Specific Handligrecautions
4.3.1 Compressed Gas Cylinders

All compressed gases present physical hazards due to their high pressure. A sudden release of pressure
may cause a cylinder to become a misBke projectile. If handled properly, compressed gas cylinders

are safe. If handled improperly, the same cylirelean present a severe hazard to Fletdlogistand

the surrounding infrastructure and environment. Domain staff must complete the requisite safety

training prior to handling compressed gas cylinders. Always condlalt afety Analysi3gAas

neededand wear the appropriate Personal Protective Equipment (PPE) (refer to AD [01]).

1 Always transport cylinders using wheeled cylinder carts with retaining straps or chains, or secure
with spacers between cylinders in sleds.

1 Do not bang, drop, slide, drag allow a cylinder to strike another cylinder or other hard surface.

9 Store cylinders upright and secure them with a chain, strap, or cable to a stationary building support
(i.e., Structural Beam) or to a cylinder cart to prevent cylinders from tippingllord.

9 Store cylinders in a dry, welkntilated area away from flames, sparks, or any source of heat.

1 Place cylinders in a location where they are not subject to mechanical or physical damage, heat, or
electrical circuits to prevent potential explosioosfires.

1 Do not use the valve cover to lift cylinders; they may damage and/or separate from the cylinder,
causing the cylinder to drop on a hard surface, possibly resulting in an explosion.

1 Always keep valve protection caps on the cylindersept wherthe cylinder is in use.

Never plug, remove, or tamper with any pressure relief device.

1 Never expose cylinders to an open flame or to any temperature above 125 degrees Fahrenheit
(52°C).

=

4.3.2 PICARRO Sensor Instrumentation

The PICARRO sensor systems contaictrelstatic discharge (ESD) sensitive parts. Protect the analyzers
from mechanical shocks and extreme temperatures (temperatures outside of its operating and storage
temperature range of 10 to 35°C (operatingp to 50°C (storage)). Failure to do so maypmmise its
performance. When conducting maintenance on a PICARRO analyzer, wearsatanvristband

(with cord tied to the ground/grounding mechanism).

4.3.3 LICOR Sensor Instrumentation

The optical sources are sensitive to vibration; they may incur dawégstrong vibrations and jarring
movements. Do not drop the ZRO0RSand Li840/850 or expose it to severe mechanical shock.

The LI84(Q/850 is sensitive to rapid temperature fluctuations and high temperatures (above 45°C). Avoid
direct exposure to suight or extremely high temperatures (temperatures conditions outside of the
operating range set for the instrument by the manufacturer). Store in an environment with a
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controllable temperature; do not leave the instrument in a vehicle or in an environmihtan
uncontrollable temperature for long durations.

4.3.4 CSAT3 3D Sonic Anemometer Instrumentation

Pease refrain from handling the CSAT3 transducers (i.e., fingers), arms or strut between the arms. The
transducers must maintain their precise orientatiomdadistance; alterations to their position affects
measurement collection and requires acalibration of the instrument to resolve. Always hold the

sensor by the block or main body where the sensor upper and lower arms connect.

4.3.5 Grapes and Power over Ehnet (PoE) Switches Subsystems

Grapes and PoEs contain ESD sensitive parts; therefore, all Grapes and PoEs require ESD (antistatic)
packaging and handling during irt@nd intrasite transport, reception, and storagReference AD [18]

for additional inbrmation.As a rule, when handling (installing, removing, and servicing) these electrical
components, altechnicianamust ground themselve®keferenceRD [13for electrostatic discharge
prevention proceduredNeverplug or unplug sensor connectionghen the Grapesare powered (also

known as hot swapping)Always remove the RJF Cable (Cable that connects to the PoE Switch in the
Comm Box) first to denergize the Grape and prevent damage.
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5 INSPECTION AND PREVENVIME TENANCE

5.1 Subsysteniocation andAccess

The ECSE instrumentation and subsystem is loaatexghch Terrestrial Instrumentation System (TIS)
TowerMeasurementevel (ML) and within the Instrumentation Hut.

The ECTE instrumentation is located on the Tower Top ML (boom or boom arm). A portion of the ECTE
subsystem is in the Environmental Enclosure located on the Tower Top and in the Instrumentation Hut.

Referencé\D [05]for preventive maintenance procedures on equipment within the Tower Top

Environmental Enclosure.

@ Note: Refer to sitspecific ABBuilt documentation in th&lEON SharePoint Document Warehouse

to verify sitespecific TIS ECSE and ECTE Infrastructure and Sensor subsystems.

5.2 Prioritization of MaintenanceActivities

Use the following guidance to prioritize maintenance at TIS @tigsire3).

Priority Overview:

System

Sensor

Rationale

ECTE System

LI 7200, CSAT3,
AMRS

80-90% of flux measurement, no
redundancy

EC Storage Exchange LI-840 Key part of storage {lux measurement

(ECSE)

ECSE Picarro G2131-1 Making vertical profile measurements of
CH, (methane), high precision CO;
concentration and PC sotope 1n CO;

ECSE Picarro L2130 Making vertical profile measurements of

’H and 0O 1sotope in H,O

Storage Exchange
Measurement Levels

First priority 1s
tower top ML.

Top level needed for flux calculation.
Bottom level has the higher CO;

SENSsors

(MLs) Second priority 1s | concentration.
MIL1.
Others All other TIS Many have redundancies elsewhere or

have lower importance compared to EC
system

Figure3. TIS Sensor System Piti@ation Overview for Maintenance Activities

The top priority at all TIS sites is the ECTE measurepieneeded a ML pump should be swapped in to
replace a norfunctional ECTE pumphe ECT&ensorsaccounts for 880% of flux measurements and

the LI7200RSis the only sensor in the Observatory that collgbis measurement at each sit€he
second most top priority is the ECSE system senSor#tact theTIS Science Support Teaia
ServiceNowvith any questions ithe application of thesguidelinesin Figure3.
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5.3 MaintenanceFrequency

Tablelis an interval schedule of each infrastructure component requiring preventive maintenance.

Tablel. ECSE & ECTE Common Preventive Maintenance Tasks Interval Schedule

Maintenance Weekly Monthly | Quarterly | Annual | Biennial Needed Type

Pump Infrastructure & Pneumatic&he gas system)
Remote Monitoringg CONDUCT REMOTE MONITORING OF ECSE AND ECTE SYSTH
Visual Inspectior] X P

Compressed Ga
Cylinder Pressure
Pump, and Mas;
Flow Remote &
Onsite Condition
Monitoring
Leak Checl
Compressed G4 X P
Cylinders
Replace
Compressed G4 X* X P/R
Cylinders
Mass Flow Meter &
Controller Remote
& Onsite Diagnosti(
Monitoring
Taring Mass Floy
Meters
Replace ECS
Rotary Vane Pum| X X P/R
Mufflers
Replace ECT]
Rotary Vane Pum| X X P/R
and Mufflers
Replace FE|
Tubing, Inlet
Valves, Fittingd
and/or Connectors
ReplaceRegulators,
Manifolds, Gauges X R
and Relief Valve

X X P/R

MISCELLANEOUS EQUIPMENT

Temperature Monitoring
| Visual Inspectiof X | | | | P
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- Bi- . . As
Maintenance Weekly Monthly | Quarterly | Annual | Biennial Needed Type
Verify Comet Temy
Relative Humidity X P
Setting/Values
Hut Temperature X P

Range/Set Poin
Dehumidifier (HighHumidity Sites Only)

Visual Inspectior] X P
Humidity Set
Point/Range for X P
Hut
Clean Grille ang X
P
Case
Clean Water
Bucket X P
Clean Air Filtel X X P
Subsystem Support Structure
Visuallnspection X P
Verify Structural X

Integrity Bolt
Connections ang
Unistrut

NOTE: P = Preventive, R = Repair.
*Archive cylinders are scheduled to be swapped every three (3) years.

Table2 contains preventive maintenance tasks specific to the ECTE sensors and subsystems. This
includes the Campbell Scientific CSAT3 3D Sonic Anemometer and the IC@ARBIRGA air inlet
andLF7550 interface on the tower top boom.

Table2. ECTE Preventive Maintenance Tasks Interval Schedule

Maintenance WeB(Ie-kIy Monthly Quarterly | Annual NeAeZe d Type
Campbell ScientifiCSAT3 SD Sonic Anemometer
RemoteMonitoring CONDUCT REMOTE MONITORING ON THE ECTE SYSTEM
Visual Inspectior X X P
Remove spider web X =

from Transducers
LICOR H1200RSInfrared Gas Analyzer (IRGA)
Visual Inspectior X P
Clean Inlet Filte
Cap, GabBelivery
Path & Orifice
Surfaceg
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Weekly Needed
Replace Znicron
Inlet Filter X PIR
Optical Pgth X p
Cleaning
Verify Inlet/Critical X p
Flow Orifice Heate
Replace In_terna X p*
Chemicals*
Sensor Head Cab
(P/N 0303030005 Replace Every 5 Years P
NOTE: P = Preventive, R = Repair.
*Completed by CVAL

Table3 contains preventive maintenance tasks specific to the ECSE sensors and subsystems. This

includes the PICARRO L243Malyzer for IsotopicA (i.e.d2 I G SNI [ F aSNEO 6AGK (GKS t
(Vaporizer) and PICARRO A0325 Autosampler, the PICARRQGI@2&Bizer for Isotopic GO A OB T &

[ I & Sahdéthe LICOR-840/850.

Table3. ECSE Preventive Maintenance Tasks Interval Schedule

: : Bi- As
Maintenance Bi-Weekly | Monthly | Quarterly Annual Annual Needed Type
PICARRO L213®\nalyzer for Isotopic kD
Remote Monitoring CONDUCT REMOTE MONITORING OF ECSE SYSTEM DAI

Visual Inspectior] X P

R_’eplace I_nle1 X P
Particulate Filter
ExternalAnalyzer

Pump X P/R

Maintenance*

Replace Interna X p
Filter and Orifice*

External Pumg X P/R

Replacement

Replace Va|ld§ltIOl X p
Vials

Adjust Sample X p
Volume

Replace Syring| X X P

Replace Sept; X P
Clean Analyze

Exhaust Fan Screeg X X P

PICARRO A0211 Vaporizer
| Visual Inspectio] X | \ \ | P
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Maintenance Bi-Weekly | Monthly | Quarterly 2lr Annual AS Type
Annual Needed
External Vaporize X P/R
Pump Replacemen
Ext_ernal Pumg X R
Maintenance*
PICARRO A0325 Autosampler
Visual Inspectior] X P
TrainAutosampler X X P
PICARRO G213RAnalyzer for Isotopic CO
Visual Inspectior] X P
Replace Inlef X p
Particulate Filter
Replacdnternal X p

Filterand Orifice*
External Analyze
Pump X X P/R
Maintenance*
External Pumg
Replacement
Clean Analyze
Exhaust Fan Scree€
LICOR L840/850
Visual Inspectior] X P
Clean MFC-2
micron Filter
ECSE Air Inlets on Tower, Heated/Unheated Assembly
Verify Orifice
Heater X pr*
(Heated Sites Only
Clean Inlet Filter
Cap, Gas Deliver
Path & Orifice
Surfaces

Replace znicron
Inlet Filter

NOTE: P = Preventive, R = Repair

*The NEONProgramHQ,Assembl\Repair Latand/or CVAL responsibility, as applicable.
**Verification must occur more frequently during seasonal freezing/ice accumulation.

X X P/R

X P/R

X P/R

5.4 Remote Monitoring

Remote monitoring is a vital component of preventative maintenancédbh ECTE and ECSE systems.
This Section contairessummaryf commonly used applications/softwafer monitoring these systems
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and the frequencyTable5) Field Science should use theBeeTable4. Software/Application Resources
for Remote Monitorindor a list oflinksfor each tool.

1. The NEON Sensor Headtpplication(Figure4) and email reports allovior continuous and
automated monitoringof the ECTE and ECSE systerasvell as other IS sensotse this
application to monitor sensor uptimes and rang€ick tie help icon in the app menu on the
left for assistance in using and interpreting data

O Note:us § GKS @l f SN albylrasSySyd ! LILX.{&S8 &ajidA@AYdzHil) ¥R
lf SN &aé Ay UGKSFighh&FG KIFyR O2fdzyYy Ay

Sensor Health

ealth

86 % Data Completeness 98 % Sensors in Range (Available 87 % Sensors in Range (Absolute)
streams)

Site Domain Type Uptime (%) Range (%) [Available Sensors] Range (%) [Absolute]

Figure4. NEON Sensor Health Application

2. The Eddy Covariance Dom&eports Figure5) provide relevant timeseries plots for the most
recent 2 weeks of dateo monitor EC systemanges. This tool that was developed specifically
for TIS by the TIS Science tednstructional guidances linked to each section of the repdd
help usersnterpret plots.

@ Note: Seehttps://den-prodissoml.ci.neoninternal.org/swifteports/how
to/domain_tutorial.htmlto learn more.
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IS SOM - (i{e)s)
Eddy Covariance Domain Reports

Domain 07 Domain 08 Domain 09 Domain 10

Appaiachians and the Cumberiand Plateau: GRSM. MLBS, and ORNL Ozarks Complexc DELA LENO, 3nd TALL Norher Pisins: DCFS, NOGR, and WO0D NIWO,

Domain 11 Domain 12 and 15 Domain 14 Domain 16 Domain 17

Figure5. Eddy Covariance Domain Reports (The Aviary)

3. TheDQ (Data QualityBlizzardapplication also developed by the Science teasmanother
monitoring tool available for use th@bntains monthly data summigs, which includedata
guality metrics and the ability to produce plots of level 0 (raw) and leypidcessedilata
(Figure6).

Blizzard -
¥ RollingAnalyses Select Report (monthly analysis):
2021-12 hd Reload Available Reports
NEON summary Site summary DP summary Site-DP summary Alerts Full Reports Parameters

Filter Site(s)

| Copy il Excel [ csv [ PDF il Print ‘ Search:
DPID 4 DataProduct Name Data Completeness Data Validity Data Consistency
DP1.00024.001 €02 concentration - turbulent
DP1.00035.001 Atmospheric CO2 isotopes
DP1.00095.001 Soil CO2 concentration
DF1.000%5.001 CO2 concentration - storage
DP2.00008.001 CO2 concentration rate of change

Gray cells indicate thera was not enough data to evaluate (expected or not). All percentages are rounded toward zero.

Figure6. DQ Blizzard Application

4. ThelS Control and Monitoring Suite softwdeea tool developed by the NE@Xgineering team
that is available for use for both TIS and AIS sfiegure?).
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n IS Control and Monitoring Suite X
File Tools Help
Other logins r \ ~
Domain Site LC IP Addresses n e ) n User | IPaddress i CNCPID |J1a37 | |
r e 1 101011 - S
1 J HARV J - C RTU PID | 2597
{ { e Natlonal Ecologlcal Observatory Network x| 3 .
Manage Site Manifest ~ Hut/Portal  PoE Control ~ App Launcher | C 30200 SiteMap  Utilittes CnC-RTU  Sensorread Issues Debug version | 1.1.0.7
; Eddy Covariance Storage Exchange B A
nd Control and Monitoring b - AquaS1 52 Met X
, Eddy Covariance Turbulent Exchange A
> Control and Monitoring //‘%'— b 4 Aqua Buoy Met -
& Seil Plot Menitering ’
g-iq Tower Moenitering e ?

Figure7. 1S Control andlonitoring Suite

5. ATerminalBmulator Program (TERJonnection to site Location Controller (Li€)hequickest
way to monitor real time data and the program recommended by SCI and ENG if any of the
applicationsabove are down/unavailablé&eeTable4 for the link to two TEP options.

Lastly,users maydirectly connect to the Picarro gas analyzedigectlyvia Windows Remote
Desktop when apfticable/necessaryseeTable4 below).

Use these monitoring resourcé€Fable4) to be preventativein conducting maintenance by addressing

issueshefore they impact data quality. For example, monitoring ECSE flow rates and replacing a clogging

inlet before it falls belw the flowratethreshold orverifying data streams are streaming and are within
range. This is importargnd vital to the longerm success of the Observatory

Table4. Software/Application Resources for Remote Monitoring

SoftwareResources

ISSOM Production Servdrttps://den-prodissoml.ci.neoninternal.org/

DomainECw S LJ2 NIi-8 2 & | B ¢ & ( NXzO thtkp&:HbéntprodBlimy Ry OS'Y
1.ci.neoninternal.org/TheAviary/IS/Ed@o/Investigation/Eddy Co Domain Reports How To.html

NEON IS Comtand Monitoring Suite & SSH/TEP Software Resources:
N:\CommonCVLField_CalibratiorRequired DirectoiyTest_Data

@TERogin for Location Controller (LC) Usernaoser| Passwordresuresu
SeeAPPENDIX: Using TEP for Re@ime Monitoring

TEP ProgramsPuT Tyhttp://www.putty.org/ or MobaXterm:https://mobaxterm.mobatek.net/
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SoftwareResources

Windows Remote Desktop for Picarrdsername:\Picarro |PasswordExtreme_Science!
Seedetail iInAPPENDIR: Connecting to PicarrANALYZERA& Windows Remote Desktop

Site Configuration Statlaternet ProtocolIP) Device ListNACommonSY&Site Network Configuration
These are unchanging IP addresses created when a site wag.byilthderwent verification, before it was

commissionedAny device in aompute network that uses the Internet Protocol for communication must have
IP address. Site infrastructure, such as the network switches and PDUs, are assigned static (or unchanging
addresses. In contrast, sensors and grapes are assigned dynamic (or ghéngiddresses.

Command and ControCNGQ ProgramResourcesN:\CommonENGLocation

Controllek CommandAndContrdDocuments

To stopCNCtype 'fetc/init.d/cncctl stop ". This enables maintenance mode which disables @estart of QNC
Torestart CNCtype 7etc/init.d/cncctl start”. Thisserves numerous functions including controllimg Eddy
Covariance system daily gas validation process, sk&udsystem heating, solenoids, and vacuum pumps.

Referencelable5 for generalguidance of when to use the tools listed above. As needed basis means it
is at your discretion and when deemed necessary (which may happen during an investigation of an issue
or during remote troubleshooting).

Table5. ECTE and ECSE Expected Remote Minimum Monitoring Frequency

Monitoring ResourcéT ool Daily Weekly | As Needed
Sensor Health Domain Report Email X

Sensor Health App (uptime and range) X

EC Domain Report X

DQBIlizzard Aplication X

IS Control and Monitoring Suite X X
TERPUTTY or MobaXterm) X
Picarros vidaVindowsRemote Desktop X

Best practice is to thoroughly cheelkchEddy Covariancgystem operation remotelyia the IS Control
and Monitoring Suite and/or a THRfore conducting a site visiFor exampleyerify sensors/other
components are streaming reasonable values and solenoid valves are switching betweas MLs
expected. This Ews you to plarsite visits accordinglgnd bring along any additional tools, parts or
other needed items for angecessary corrective maintenance, repairsl/or troubleshooting.

# PRO TIRheck the system for proper operation any tifdg¢changesare made (such aseplacinga
sensor odata loggej, (2)when QIC is restartegand (3) alwaysbeforeleaving the site. This allows you
to catch a mistake that may have been made onsite grearors from system startup. For example, a
hand valvewas left closed on a gaylinder,or adata logger (Grapeyas left unplugged after
troubleshooting.

Figure8 below is an example of thHECSE system operating optimally in sampling mode, as seen through
IS Control and Monitoring Suite.
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a Eddy Covariance Storage Exchange System - s
File Validation Advanced Help
Device Identifiers  System Overview  InletDats  Cylinder & Delivery Pressures  IRGA Dsta Command and Control | Running with PID 4368: Device contrel disabled ‘ SCBI
Validation | |50, 37 |IRGAPumpY
Gases 4"—
Licor LI-840A/
kP
: ] LI-850A
H20 Picarro C02/H20 IRGA
v CO2 Moist | 432
Delivery :
Pa & H20 Moist | 5530 H20 Moist| 5.48
i | ) on Valves fepe=atis B Temperature | 51.39
Validation MFC Full Details Hzo"“% Purge Valve Pressure | 50.0 Pressure | 24.03
= Validation 4 —"7
0.00 . Diag| 0
Flowrate Setpoint | 0,00 [ 1 Gas Manifold . 20 Loser Velve &)
Flowrate Measured | 0.00 Flowrate T B :
R T 000 st arc) ; I3
emperature| 1. ) @ i\‘ﬁJ Mass Flow Controller
< Valve
i A F‘ —. J_ . H20 Manifeld Validation Valve Flowrate Setpeint | 1.00
Inlet Pressure (kPa) ( IRGA oz [ [ Flow (SLPM)}  Pump Setpaint (V) gloxnateitsued(l 00
1 23.73 I I . I . 6.96 [3651 Temperature | 21.9
—— — —®— P 390
2 43.83 |_- L = 820 |3702 ressure
3 371 o ®— ®— 653 33
7 ] ] . 300 |—— —_—
—_ T —_ 1
L_.,— [ l® | - - 2 q
4 43.70 = 2 = 8.65 [3.259 CO2 Picarro
>> ML Inputs >> Le— & L@ L@ & > Vent >>
5 43.70 T = T g T = 855 13187 C02 Moist | 428
o < @< oo
8 437 - U] o o 855 3.818 CO2Dry 434
T 1
to— & ‘03 Te— _
7 0.00 L L O 0.00 |0.000 H20 Moist | 0.556
o o o—
2 0.00 T L L 0.00 Temp | 43
{ ®— ®— Pressure| 140
" " o 8 T
I o 8 a2 Diag 0
g2 Q2 5 g
£s 83 £z R R

Figure8. Example of Proper Operatiaf the ECSE System via the IS Control and Monitoring Suite

Q Note: All sensors streaming reasonable daitagccordance witfrable6 parameter$, all ML
flowrates/inlet pressures are OK fie site,the L840 flowrateisat 1 SLPMstandard liter per minute)
andgas cylinder pressures and delivery presgseasor readigsare within range.

5.4.1 ExpectedData Values

Below is a list of sensors and other EC system components with expected ranges and how to respond to
deviations. In most cases, if operating outside these ranges entigrcédentticket into ServiceNovand
reachout to ENGand/or TIS Science for assistance in interpretation or troubleshooting.

NEON HQ data quality personnel may flag the data with the hd¥getf Ecologistseporting onsite

events or abnormal data ranges. UServiceNowusing theRequest Data Quality Review process on
applicable incidents

Table6is a Ist of ECSE and ECTE instruments and subsystem components that may provide a logical
(electronic/online application) or physical indication of its state of health for offsite and onsite condition
monitoring. This table is subject to change as the implem@naf NEONrogramsensors and
subsystems mature.
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Table6. ECSE & ECTE Condition Monitoring Operating Value Ranges
INSTRUMENT/ ACTIONS/
SUBSYSTEM NORMAL OPERATING RAN( ABNORMAL OPERATING RAR CONSIDERATIONS

Zero AilCompressec >2758kPaG (>400psig)

Gas Cylinders
(ECSE/ECTE)

Compressed Gas
Pressure Delivery fc
PICARROX
Validations (ECSE)

Compressed Gas
Cylinder Usage Ratt

for Validation Gas & *Note: EXCEption is the ECSE H2!

Zero Air zero ai
(ECSE/ECTE) occurfi
CQ Compressed

Gas Cylinders
(ECSE/ECTE)

Compressed Gas
Cylinders Delivery
Pressure
(ECSE/ECTE)

SLPM

2.5 + 0.5psig (17.24 + 3.45kPa)

4¢ 6 psi/ day

r when validations are
ng

>2758kPaG (>400psig)

Set for 70kPa when validation ga:
flows at 1.5 SLPM for ECTE and

for ECSE

Expectedrlow Rate = 9.46*P

Amb./

101.325

This fow ratevaries by site from

5-9.46

SLPM

Theexpectedlow rate measured

by the
should
9.46*P

Mass Flow Meters
(MFMs) for ECSE
System

measu

MFM irthe instrument hut
be as follows: Flow Rate=
Amb./101.325. P Amb. =

Ambient pressure in kPa

rement from the tower

PTB330 barometric pressure

sensor. For example, the ambient
barometric pressure is 82kpa, thu

the flow rate calculated pehe
equation above should be 7.66

SLPM.

LICOR |-840850
Sample Mass Flow
Controller (MFC)
(ECSE)

SLPM

Maintain a flow rate of 1 + 0.2

<2758kPaG (<400psig)

May indicate a leak or cylinder has

run the course of its life.

>3psig (20.68kPa) or <2psig

(13.79kPa)

May indicate a leak or cylinder has

run the course of its life.

>6 psi/ day.

<2758kPaG (<400psig)

May indicate a leak if the cylinder
was recently replaced or has run

the course of its life.

<70kPa

May indicate a leak or a kink in the

line to the tower.

5 SLPM mass flow rate (MFR) <

9.46 SLPM

(At high altitudes the MFR may be

5 SLPM, but no 25 SLPM)

70% of expected flow rate < MFR
expected flow rate + 0.3 SLPM (if
MFR > expected flow rate +0.3
SLPM, lelaexceeds acceptable
level; if MFR < 70% of expected

flow rate, inlet clogging or
kinked/blocked gas line)

Pump motors may be running at
maximum RPM; may indicate a clc
in the IRGA air inlet (screen or filte
orifice), an obstruction /kink in the
tubingor a leak in the system.

1.2 SLPM< MFR <0.8 SLPM
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Conduct leak test and
request replacement from
local supplier.

If discovering abnormal
values, execute
troubleshooting/
corrective maintenance
immediately.

Conduct leak tests and/or
request replacements.

Conduct leak test
procedures and request a
replacement from CVAL.

Check the lines on the
tower for leaks/damage to
tubing.

Delivery pressure rises
to 80 kPa when validation
gas is not flowing.

If discovering abnormal
values, execute
troubleshooting/
corrective maintenance.
Cleanand replacahe
corresponding ML air inlet
filter on the Tower.

Note: Technicians may se¢
a minor reduction to the
flow rate of the MFMs
when an analyzer is
sampling that level:
1 PICCARO @®0.125 SLPM
 PICCARO.@: <0.035
SLPM

9 LICOR 1840/850: <1.0
SLPM

MFCmay need
replacement
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NORMAL OPERATING RAN!

ABNORMAL OPERATING RAR

ACTIONS/
CONSIDERATIONS

ECSE Validation Ga
(ValGas) MFC (ECS
LICOR 18403850
Use)

ECSE ®Gas MFC
(PICARRO Analyzel
for Isotopic C¢)

Sample MFC for
LICOR LT200RS
IRGA (ECTE)

ValGas MFC for
LICOR.I 7200 IRGA
(ECTE)

GAST Rotary Vane
Pumps (ECSE)

Absolute Pressure
Transducer oifower
Inlet ML (ECSE)

PICARRO
Autosamper (ECSE)

PICARRO
Vaporization Module
(ECSE)

PICARROZX
Vaporization Module
Temperature Set
Point (ECSE)

1.3 SLPM during
calibration/validation
0 SLPM in Samplimdode

<0.25 SLPM to <0.188 SLPM MA
in validation mode (depending on
altitude and pressure of the site)
0 SLPM in Sampling Mode

Flow rate of 12 £ 0.2 SLPM
0 SLPM during Validation
<0.1 SLPM during Leak Checks

1.5 SLPM during
calibration/validation
0 SLPM in Sampling Mode

Associated MFM-8.46 SLPM
operating 34 V

45% of ambient pressure or lowel

Consistent data pattern in
validation mode

Measurement varies per site in
validation mode

Stabilizes at 119¢C

<<1.2 SLPM
>>1.3 SLPM

Less than may indicate a kinked
tube, or delivery pressure is too loy
Greater than may indicate an issug
with the ValGas MFC.

<0.125 SLPM

May indicate a low ValGas delivery
pressure.

<11.8 SLPM on MFC

Pump motors may be running at
maximum RPMmay indicate a clog
in the IRGA air inlet (screen or filte
orifice) or an obstruction /kink in
the tubing.

<<1.4 SLPM

>>1.5 SLPM

Less than may indicate a kinked
tube, leakor delivery pressure is to
low. Greater than may indicate an
issue with the Vabas MFC.

>4V Pump Setpoint/Voltage Range
Associated MFM <4 SLPM

<5 SLPM at higher altitudes, but
should maintén no less <2.5 SLPM

May indicate a clog in the system ¢
requires a rebuild.
>50% of ambient pressure

May indicate leaks in the sample
line or pump has lost its ability to
maintain the low pressure.
Witnessing sawooth or
inconsistent data pulses in CRDS
Data Viewer

May indicate a sticky injection
syringe needle.

Greater amount of noise in the
water measurement in CRDS Date
Viewer

Unable to reach 119¢€
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If discovering abnormal
values, execute
troubleshooting/
corrective maintenance
immediately.

If discoveringabnormal
values, execute
troubleshooting/
corrective maintenance.

If discovering abnormal
values, execute
troubleshooting/
corrective maintenance.
Clean the IRGA air inlet
filter on the Tower.

If discovering abnormal
values, execute
troubleshooting/
corrective maintenance.

Verify associated MFM
SLPM to rule out a
filter/muffler clog in pump.
If it is not an issue with
either of these, request a
replacement.

Verify inlet pressure and
conduct leak check
procedures.

Change injection syringe.

Change septa.

Power vaporizer off/a. If
problem persists, generate
a ticket for a replacement
Vaporizer.
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INSTRUMENT/ ACTIONS/
SUBSYSTEM NORMAL OPERATING RAN( ABNORMAL OPERATING RANR CONSIDERATIONS

PICARRO Analyzer
Module (for Isotopic

0
HO or CQ) 45C

PICARRO Analyzer
Module for Isotopic

Warm box ambient air set point

CQconcentration similato LF
7200RS,LF840/850 readings

CQ (ECSE)
ON set pointAir temperature
within 2°C above dew point
temperature & air temperature
Xnecl/ 4G SAGKSNI
top ML

ECSE Air Inlet

Assembly, Heater
Set Point (Heated
Sites Only)

OFF set poinfAir temperature
>5°C above dew point
temperature at either ground or

tower top ML

While ON210°C + 5°C above dew
point temperaure at either
ground or tower top ML

LICOR -840850
Instrument (ECSE
IRGA)

LICOR LT200RS
Instrument
(ECTE IRGA)
Differential Head
Pressure (DPress) | &vd

No significant cell pressure
fluctuation

Between 0 and5 kPa

Parameter 9 is DPress via the

command:
- s OX[MAC ADDRESS]

-r9 ¢

Diagnostic Value of 8191

LICOR LT200RS
Instrument
(ECTE IRGA)

LICOR LY200RS
with LICOR 4550
Interface

This diagnostic value is via the
command:
évd -s OX]MAC ADDRESS]

-rl ¢

Temperature varies with ambient
conditions

Unable to reach set point

May indicate a PICARRO software

CNC issue.

CO2 ppm values steadily increasir
above ambient air concentration
while personnel are in instrument

hut

May indicate a leak in CO2
sampling line.

No heat to orifice, inconsistent hee
pattern or orifice heater >71C

Outside of site dependent set poin

from dew point and air
temperature range

May indicate a malfunction in the

heating component.

Instrument requires calibration if
pressure falls below 23.5kPa or

above 24.5kPa)

May occur after a Grape reset,
system restart or defective vacuun

pump.
<-5 kPa or >0 kPa

If less than, it may be due to a
clogged inlet, disconnected sampl¢
line or a failed pressure transducer

Different diagnosc value.If signal
strength is<85%the analyzer cell

should be cleaned

May indicate a dirty optical path or

analyzer cell.

Inlet/outlet thermocouple
temperature reads65 (or so)
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Shut down & restart
software (not instrument,
select Software Only from
shutdown options per
Section5.7.2.3.1If
problem persistsrequest
a replacement.

Conduct leak checks on
associated subsystem.

If heater temperéure
range is outside of site
dependent set points,
verify if the HMP155 at the
soil plot and tower top ML
is functioning properly. If
not, or if there is no heat
to the orifice or >70C,
conduct corrective
actions; submit a ticket in
ServiceNow

Requirescalibration.
Calibration occurs via CN(
automatically when the
software detects a
pressure spike in the
instrument.

Do not use the LT200RS
Software.The
configuration may
change/disable portions of
the configuration, which
affects data products.
Clean optical path and
windows. Clean analyzer
cell See Sectioh.6.2.9.

Do not use the EF200RS
Software.

Do not use the LEY200RS
Software.
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INSTRUMENT/ ACTIONS/
(
SUBSYSTEM NORMAL OPERATING RAN( ABNORMAL OPERATING RAR CONSIDERATIONS
Templnis via the command: May indicate the internal
(ECTE IRGA) avd -s Ox[MAC ADDRESS] temperature sensor is defective.
-rl3 ¢

TempOutis via the command:

avd - s OXx[MAC ADDRESS]

-rl4 ¢

Level the CSAT3 3D Sonic
Anemometerwhen > 5
degreedsto realign the

pitch and roll to align with
the mean streamline.

CSAT3 3D Sonic Most are 0+ 1 degree in pitch and| The mean streamlines are tilted
Anemometer Level | roll; seeFigure94 for exceptions | more than 5 degrees

Temperature variation akL0° C

over a 1 hour period Conduct an inspection on
Eecri Eet'z;tLrReal(\:/lkonitc Temperature variation of <E@C o . Hut temperature and
(COI\F/)IET) Set Rang. Overa 1 hour period May indicate an open door during | HVYAC system; ensure the
g seasonal weather changes laut Hut door is closed.

temperature setpoint issues.
Shut down gas analyzers i
the hut, troubleshoot

Instrumentation Hut

Temperature Set 80F cooling setpoint, 65F hiidag | Temperature rangesutside of50

Points SeeSectiorb.5.1.1 F (10° G)95° F (35° C) HVAC

Best: <25,000ppmv (<2.5% water

content) -

Turn on dehumidifier and
. . o

Instrgmentatlon IV Max: <30,000ppmv (<3% water Max: >30,000ppmv (>3% water set it to reduce humidity to
Humidity Set Range content) .

content) normal operating range.

Varies per site. See below for %k

Not able to maintain normal

Instrumentation Hut Conduct preventive

Dehumidifier for 50%60% operating set point range/ fan maintenance/basic
ECSE Medium fan speed speed troubleshooting and/or
Ins_trumentatlon Set May indicate a clogged or faulty acquire a replacement, if
Point** humidifier. necesary.

5.4.1.1 To Determine Relative Humidity (RH)
Use the ECSE Temperature Monitor to determine these values (Comet 7610):

9 Best: mixing ratio *air pressure*15.59 <25,000ppmv
1 Max: mixing ratio *air pressure*15.59 <30,000ppmv

The Comet 7610 displays both the mixing ratio and air presQak#ectthe two data points and multiply
them together then times 15.59 to get the result. The calculation result should be < 25,000 ppmv. If the
result is higher than 30, 000 ppm, then adjtis¢ dehumidifier to reduce humidity further. When the
humidity is stablecollectthe data and do the calculation again to confirm.
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5.5 Physical infrastructure
5.5.1 Instrumentation Hut

The Instrumentation Hut housing the compressed Ge& f A yhyskalBréictee. Preventive
maintenance includes a visual inspection of the support structure (entire Unistrut frame and its
associated attachments to the wall, other Unistrut frames, and floor via L brackets, to include bolts,
washers, screws, etc.) structural intagriand identification of damage, natural or otherwise. Verify the
mounts for the MFMs, MFCs, manifolds and pumps are secure to the supporting Unistrut; ensure all
fasteners are tight and temperature range in the room is accurate (to include the dehemsdifi

point).

5.5.1.1 TIS Hut Temperature S&toints

Instrument hut temperatures are a primary concern for the gas \
system analyzers and other hut infrastructure. The thermostat
should beset at 80 F for cooling setpoinand65° F for heating
setpointat all TIS instrumentation huts yeesund. This will hel
maximize the lifespan of the hut HVAC units, maintain the hut
temperatures within suitable operating ranges of analyzers an
other equipment and generally avoid issues with condensatiorF1gured. TypicaHut Thermostat ICM
. . . Controls SC4011 Neprogrammable

However, gas lines should be inspected frequently in the hut tt

s Thermostat
detect any issues here.

@ Note:Refer to NEON Preventative Maintenance Procedure: Site InfrastrudiE@N.DOC.004980
for additional details and requirementsrfllVAC and Instrument Hut Preventative Maintenance.

If the HVAC unit is unable to maintain the hut temperature abova5d0 C) or below 95F (35 C)
submit aServiceNowncident ticket andoower offthe gas system analyzeiRICARRDICORAnalyzers
in the hui to prevent damage. Hut temperatures can be monitored via the COddEJor (see Section
5.4Remote Monitoring for more inforiation).

There are two specific concerns to watch fegarding the temperature of the operating environment
for the ECSE systefapid Temperature Fluctuatiorsnd Condensation If the Instrumentation Hut
fails to maintain operating temperatures, theseuss may cause significant damage to the ECSE
instrumentation and subsystems.

1 Rapid fluctuatiors: The LICOR-84#0/850 is sensitive to rapid changes in temperature, which may result in
unreliable data. As a result, NEON requireshanges to the hut operatg environment temperature
greater than 10C over a one hour timefram@.e., do not leave the Hut door open in extreme temperatures).
Do not reset the thermostdtequentlyand do not introduce any other forms of heating/cooling without prior
approval from NEON HQ.
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1 CondensationThe PICARRO Analyzer Modules are sensitive to condensation. Each instrument is equipped

with an alarm to detect minimal amounts obredensation. If large amounts condensatioroccur, the
instruments are vulnerable to serious damage, resulting in minimal or total loss of data. Condensation occurs
when the Hut is cooler than the outside environment. This may cause
condensation to form in the ECSE tubing. Is it cooler in thendtit is outside?
If so, inspect the tubing for both systems in the Hut (specifically in lower point:
and areas of accumulation) and maintain awareness of the temperature

@ @

variances. 9,&!,5_,7'
If additional guidance is needed, or if the set point range is causing { o
condensation inside the Hut, submit a ticket in the NE@dgpamQ a L a a
Management and Reporting System for NEON HQ evaluation to determinc ©.® D
— -

site-specific Hut temperature guidance.

5.5.1.2 ECSE Temperature Monitor rl

The Comet T7610 iRigurelOis an industrial temperature model that
measures relative humidity, temperature, and atmospheric pressure with €
measuring range o830 to +80C. An LCD screen displays tieasurement
values.

Figurel0. T7610 Temperatur:
Sensor (Environmental Prob¢

To maintain the temperature monitor, verify it is functioning correctly and displaying measurements
clearly via the LCD screen. Ensure the cables are free of damage and the sensor location is where the
cables will not incur damag®&eferencéAD [10]for Command, Control and Configuration parameters of
this platinum resistance thermometer (PRT).

Use alEP such &uTTYor MobaXtermandnc localhost 30200 command vighe LQo retrieve the
dynamic IP address. Use the IP as a URL in a web browser or use the following command prompt to see

the data streamsdn real timeto monitor the temperature measurement remotelyd - s Ox[mac
address]
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5.5.1.3 Dehumidifier
Preventive maintenance procedures within this section are for sites .
employing a General Electric Model ADEL50 dehumidFigu(el1) CONTROLPANEL . Rl i
only. Supplying high humidity sites with dehumidifiers mitigates
variances in the data deriving from the PICARRO Analyzer for Isotopi
H.O. Excessive water absorption from changes in ambient i
environmentalconditions or continuously operating in high humidity
conditions (over 3% water content or 30,000 parts per million by )
volume (ppmv) water vapor to dry air ratio), may affect the d
wavelength monitor (WLM) and warm box ambient air’@pin the  watersucker
PICARRO Anabr Module for Isotopic #D. Maintaining consistent,
low humidity ambient environmental conditions is imperative for
optimal performance of the PICARRO Analyzer Modtidpire12 on L ad A
the next pages a visual representation of the dehumidifiers residing Figure1l. Dehumidifier

at sites subject to high humidity conditions.

A control panel directly on top of the unit operates the dehumidifier. This area provides several
indicatars if maintenance is necessary via lit status indicators. Please turn off the dehumidifier using the
power button and remove the plug from the wall outlet prior to conducting preventive maintenance.

@ Note: The dehumidifier turns off automatically whem thucket is full (which may occur if the hose
incurs a clog or kink) or when the bucket is not in the proper position.

1 Conduct a physical inspection and remove dust/dirt bujdby vacuuming the grille and cleaning
the case with a cloth and a mix of watend mild detergent. Do not use bleach or abrasives.

5.5.1.3.1 Air Filter

TKS RSKAzZYARAFASNIDA AN FAf GSNI NBaAARSa 0SKAYR GKS 7
FAEfGSNI SOSNE Hpn K2dz2NB 2F NHzyGAYSIT SKMIOKS EH di ViR O|
light will glow as a reminder to change the filter. However, technicians at terrestrial sites are to clean

the filter every 14 days (a biweekly basis) to align with thepigeentative maintenance schedules

unless directed otherwise dhe discretion of NEON HQ.

1 To clean the air filter, remove the water bucket.

1 Grasp the filter edge and pull it straight down as illustrateBigurel?2.

1 Clean the filter with warm, soapy water/mild detergent.

1 Rinse clean and allow the filter to dry before inserting it back into the dehumidifier.

DO NOT OPERATE THE DEHUMIDIFIER WITHOUT A FILTER.

Obstructions/clogs from dirt and lint reduces its performance.
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Figurel2. Hut Dehumidifier Filter Removal, Placement and Components

Inspect hose connections, retaining strap, and mount to ensurelghemidifier is functioning properly

and secure in its position the Hut corner Figurel2). SeeRD [16}o for additional information on the
Dehumidifier.

5.5.1.4 Pneumaticsand Pumplnfrastructure

5.5.1.4.1 Compressed Gas Cylindddverview

The ECSE and ECTE system each employ five compressed gas cylinders, comprising 10 compressed gas
cylinders in the Hut fofISsites. TIS sites that host the PICARRO L-RA8@lyzer for IsotopicH

instrumentation haveone more compressed gas cylinder in the Hut, comprising of 11 cylinders total.
Conduct the following preventive maintenans=€Tablel for maintenance intervals/frequengy

1 Conduct a visual inspection of gas cylinders, eachponent,and their subsystems, and ensure the
following:

0 Cylinders are secure in the rack to prevent any motion.
o Correct placement and labeliraf each gas cylinderein accordance wit\D [07]
0 Valve covers are in place when cylinders are noisiz

o Integrity and tightness of connections, such as pressure regulators, manifolds, hoses/tubing,

gauges, and relief valves.

A Ensure the correct regulator is in use for the compressed gas contained in the cylinder and
pressure rating. The ECSE system ad@gh purity regulator and the ECTE system uses a
standard regulatorFigurel3 andFigurel4 display these differencea Table7 below.
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Table7. ECSE & ECTE System Regulator Overview & Comparison

Figurel3displays a high purity regulator, which
mounts horizontally, and affixes to the ECSE
compressed gas cylinders in the Hut.

(a) Shutoff valve

(b) Deivery pressure transducer

(c) Pressure adjusting knadlregulator

(d) Regulator inlet (cylinder) pressure transduc

(e) Regulator inlet pressure sensor validation
port

@ Note:Do not use (e) to bleed off pressure.
This is a safety hazard and may cause damage
s the operator/regulator. Referencgection
Figure13. High Purity Regulator for ECSE Systen 5.5.1.4.3for ECSE and ECTE Compressed Gas
Cylinder Change and Dilution Pressure Purge
Procedure.

Figurel4displays a standard regulator, which
mounts vertically, and affixes to the ECTE
compressed gas cylinders in the Hut.

(a) Delivery pressure transducer

(b) Pressure adjusting knob

(c) Delivery pressure gauge

(d) Cylinder pressure gauge

(e) Regulator inlet (cylinder) pressutensducer

(e) \5
Figurel4. Standard Regulat

e

or for ECTE System

A The highpressure (inlet) gauge has 1.5x the rating of the cylinder.

A The lowpressure (output/discharge) gauge has approximately twice the pressure rating of
the regulator, which is on the regulator label.
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A Ensure there are accurate and cledrdis for each gas tube line.

0 Cylinders are not displaying evident tampering/defects or damage (i.e., from rusting/corrosion,
pitting, cuts, gouges, 0dgs, bulges, neck defects and general distortion). Rusting and corrosion
may occur from leatesting. Rust damages the cylinder and may cause the valve protection cap
to stick.

DO NOTUSE LUBRICANTS ON CYLINDAR CAP, VGRVHTTINGS.

9 Verify gas cylinder pressure gauges.
0 These cylinders must never fall beld@0 PSIG

A ReferenceAD [12]for procedures on this and other applications inviatythe LC (location
controller).

1 Perform leak testings neededo mitigate gas losses or systgressure issues and monitor the
system remotely for any abnormal values that may reflect a leakS8etorb.5.1.5Leak
Test/Detection for Compressed Gas Cylinders

1 Ensure cylinderare installed in coect Configured CFGlocationini KS b 9hb As¥eR ANI YQ&
LifecycleManagement Systerfi.e., Maximo or AssetWorkad align with labeling (colaroded
tape or labels from a third party supplier).

5.5.1.4.2 Important Notes

1 The gas cylinder pressueould rot be allowed to drop below 100 PSI@® avoid re
conditioning the gas cylinders

9 Zero airis needed to flush and dry out the PICARRO cavity befongtingdown PICARRO
instruments to prevent the damage and/or contamination by condensatthat down the
PICARBs wherthe zero air cylinder pressure drops <150 PSIG. ThikelflipreventPICARRO
instrumentdamage

9 Validations of gas analyzessould rot use the gas cylinders with pressure lower than 400
PSIGIf the pressure of an individual gas cylinder falls below 400, B$tBange the cylinder as
soon as possibléf not possible, close the hand valve antbrm ENG to disable that gas
cylinder inCNC.

1 If anindividual gas cylinder is below 400 PSIGaddurn off the entire validation. Validations
are still valid to uséor postdata correctionif at leasttwo gas cylindersre above 400 PSlénd
running

1 Keepthe gas analyzers running sampling mode eveif validation is disabléfor areason
unlessotherwise directecoy NEON H@&NG or SCI to stop sampling
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5.5.1.4.3 Compressed Gas Cylinder Swap Procedures
Table 8. Gas Cylinder Swap ToolsC&nsumables

Equipment & Consumables Quantity
Torque Wrench 1
1-1/8 Crowfoot Adapter 1
1-1/8 Open Ended Wrench (longest one as possible within space limitations of Hut to us 1
Black Rubber Caps (EPDM QapsmicaResistant Pusbn Round Caps) AR

DO NOT ALLOW FOR THE UNCONTROLLED RELEASE OF HIGH PRE

1. Shutoff Command and ControC(NG. To stop CNC, typéétc/init.d/cncctl stop "
a. Closehe hand valve on the cylinder and depressurize line as directed below
2. For the ECSE systéRrigurel5on the next pagg

a. SetthelRGA pump voltagd) andIRGA MFC setpoifi2)to zero by typing @zero)into the
field, open thethree valves on ML13) by clicking on the black circles (they will turn green when
open), open the IRGA valg® and set the Validation MFC flowrate setpoifjto 2 SLPM.
Finally open the validatiomalve(6) for the cylinder that you are replacing.

b. The Flowrate Measured on the Validation MFC will increase to 2 SLPM, and the cylinder
pressure (represented by the colored bars) will decrease. Leave as is with software open until
cylinder pressure showsero and the flowrate decreases to zero. At this point the pressure has
been bled from the system and you can close the software (this will close all valves) and proceed
with the removal and replacement of the cylinder. Repeat as needed for additiornad endi
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a Eddy Covariance Storage Exchange System
File Validation Advanced Help

Device Identifiers ~ System Overview  InletData  Cylinder & Delivery Pressures  IRGA Data Command and Centrol | Not active: Device control enabled | UNDE

Validation '15003_ 1 355 |IRGAPumpV

-2,175
Mid coz2 co2 H20
Gases Span Archive [lll Zero Air (Il Zero Air Licor LI-840A/
kPa Psl e LI-850A
H20 Picarro C02/H20 IRGA
° S I I ] P
804 89.2 745 68.3 76.8 6

CO2 Moist | -1.8
Delivery = :
e [766 HEDOS 1360 H20 Moist | -0.03
® .I: ‘ ‘ ion Valves Temperature | 0.0 Temperature | 51.51
5 Validation MFC Full Details \ I / _m'l: Purge Valve Pressure | 50.0 Pressure | 20.28
- Validation 4 ; I
. P Diag 0
I Flowrate Setpoint | 2.00 I | Gas Manifold .J H20 Laser Valve £l
Flowrate Measured | 2.00 Flowrate
2.00 IRGA
Temperature | 29.8 4 (Val MFC) 3:‘;‘-‘83‘ Mass Flow Controller
alve
| Pressure | 1.06+2 —t+ o _.T .; H20 Manifold Validation Valve 2 I Flowrate SEtpnintJO.DO ‘ I
Inlet Pressure (kPa) 3 f [RGA co2 Flow (SLPM) Pump Setpoint (V) Flowrate Measured | 0.00
1 94,36 0.52 0 Temperature 29.8
T e T 10000
@ . _ Pressure | 3.6
2 9434 0.05 IO,DD()
Le— L@ L@ —
3 an ||z - " -001 0.000
@— 0o — = )—| o .
4 2297 o = g "E' 2.22 [0.000 CO2 Picarro
>> ML Inputs >> Le— & L.— < L._,— o >> Vent >>
5 — 8427 L" = T — g C - = -0.05 0.000 CO2 Moist | 1.57
o « @ ® o
6 9367 ] g S 001 0000 |— C02Dry[ 157
Le— l@— Le—
7 0.00 T — T — T = 0.00 H20 Moist | 0.028
o @o— @
8 0.00 o T T 0.00 0.000 |—— Temp | 43
o L o P 140
w T ressure
w a o9
< g N 2 N2 Diag| 0
g3 SE L
3 > = |

Figurel5. ECSESControl andMonitoring Suite Software

3. For the ECT&ystem(Figurel6on the next pagg

a. Set thelRGA pump voltagg) andsample MFC setpoiri) to zero by typing 0 into the field, set
the tower validation MFC3) to 1.5 SLPM, open the tower top validation valdefor the line

that you are bleeding pressure from. Then open the hut validation \(&ver the
corresponding line.

b. The tower validation MFC flowrate will increase to 1.5 SLPM and the cylinder pressure
(represented by the colored bars) will decrealseave as is with software open until cylinder
pressure shows zero and the flowrate decreases to zero. At this point the pressure has been
bled from the system and you can close the software (thisclaile all valves) and proceed with
the removal and replacement of the cylinder. Repeat as needed for additional cylinders.
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n Eddy Covariance Turbulent Exchange System — X
File Advanced Help
Export Last readings’ Stop Datal "
Device Identifiers  System Overview  Mass Flow Controller Charts  Cylincler & Regulator Pressures  IRGA Data ~ Command and c"""“"Nm SELE 2 G L ‘ UNDE
e Input DustTrak System
15,000 - 7s|Validation
DustTrak
Gases Mass Size Mass Flow Controller |,
1.0 0.00e+0 | Flowrate Setpeint| 0.00
IRGA 7200/RS 2.5 0.00E+0 | Flowrate Measured
4.0/ 0.00E+0 (Volumetric) | —
32 €02 (PPM .
I E ( . 10| 0.00E+0 Temperature| 0 gln‘um?rE;AFfvl]
Regulator — = = 112 H20 (PPT) owrate
Pa .9.1 745 :c-.s 77, 7. 15| 0.00E+0 Pressure| 0 0.00
ol Dignosc
| | I I Dpress Volume (uncorrected) | 0.00
. 5 . . . Hut Validation Valves
Volume | 0.00
Normal Open Hi-Vol System @ e 000
Black = Open (@) Boom End Valve :
Deivery . - o= Green = Closed Tpara
kPa = 5.0 i
| | | | Pressure(hPa) 0
@ 4 () (] @ Tower Top Validation Valves
I\ [ // o Normal Open
Tower Top.Valldatmn —— Ambient Air Black = Open
Manifold Mass Flow Controller \Y4 - Green = Closed
V] o Vater Trap
I Flowrate Setpoint ‘9‘3:\ I I 2 Inlet Valve
Flowrate Measured | 0.00
Tower Validation
Mass Flow Controller Temperature | 24.6 Vent Valve ..—
A i 50 Pressure | 94.1
3 I Flowrate Setpoint [ 1.50 Water Trap
Flowrate Measured | 1.50 All valves are Qutlet Valve
Tl 28 1 | [300 |SsmplePump Voltage | Normal Closed
P 2 v} unless noted v
T 942 otherwise
=t v Black = Closed Y
v Green = Open v
Output Output
v

Figurel6. ECTE IS Control and Monitoring Suite Software

4. Disconnect the braided steel hose from the agéin

a. The fitting for this is reverse threaddds indicated by notches Figure22). Turn clockwise to

loosen.

Q Note: If a cylinder in the back of the rack requires replacentempve thecylinder in the front to
accesst. Follow steps-2 for the front cylinder angdlace in a safe spot while removing/replacing the
back cylinder. Conduct the same purge procedures on both cylinders after reinstallation.

5. Protect the smooth sealing surface on the end of the braided steel hose from damage by capping it
with a black rubbeprotector cap (the metal is easy to damaaed can lead to leaks

6. Secure the cylinder cap for removalghten in the clockwise direction as viewed from above the
cylinder until the rotation stops.

a. Note the orientation of theold O & t A yaR&dudeefor when the new cylinder is installed.

b. 52 y2i

dza S 2Af

2 NJ

protection cap or CGA fitting threads.

by e
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7.

8.

10.

11.

12.

13.
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Remove the old cylinder from rack and replace it with a new cylinder.

a [224aSy GKS {20184 I'SIR /1Ll {ONBga (KIiG &aSOdz2NBa
cylinder in the cylinder rack.

Secure the newcylindéry G KS NI Ol ® wSLX F OS (GKS mMdupé &l dzZ NB
rack and tighten the tw&ocket Hed Screwsinger tight.

Remove the cylindevalve protection cap. Inspect thealve seat
(Figurel?) Ay aA RS (1 KS O eFgirg26 Briddage Orl
contamination.Clean contamination with a lint free microfiber clot
If damage is present or unable to remove/clean contamination,
replace the cylinder with anotheaylinder,if available or stop and
submitan incident ticket in ServiceNow

TheseCompressed Gas Cylind¢&G¢can havemore than1800
pounds per square inch of internal pressure &ath causeserious
injury and/or deathPlease be very carefand ensire everyone in
the vicinity is wearing eye and ear protectiovery carefully and
GSNE atz2gfesxs NROGFGS G4KS 3ra O-
counterclockwisalirection as viewed from above the cylinder to
slightly open the valveandclose it again very quickly. This wilbw a very small amount of g&s

bleed out of the cylinder andlow out any debris that may hawcollected in the valve outlet,
keepingitoutofthedeé f A Yy RSNNRa OKSO|l @It @3S | yR LINBaadaNBE NBR

' )
Figurel?. Inspect Valve Seat

Insertil KS NXB3dz I §2NQR& / D! pdn Y ddhread yf fiyhand tiiGerOe f A Y RSN
tight (reattaching the braided steel hose to the new cylinder).

a. Again, the fitting for this is reverse threadédirn counterclockwise to tighten.

b. ¢AIKGSY G(KS (g2 {1/{ GKIG A850dNB (KS moupé aljd
secure the cylinderinplade ! 4 S (i dp&rendtdrgue wrénch and tighten the CGA 590
nut first to 40 foot-poundsthen 50foot-pounds

Slowly gpen the CG&alve on the top of the cylinder to pressurize the inlet side of the regulator by
rotating the valve handle first in theounterclockwisealirection and thera % turnin the clockwise
direction when viewing the valve handle from aboVéis will pressurizéhe highpressure section

of the gas line.

Conduct leak checks @monnectior(s)to new cylinderFollow procedures isections.5.1.5

a. If the cylinder fitting leakafter performing the procedures in the section above, the cylinder
and/or the regulator assembly will need replacing. Submitreident ticket irServiceNow
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14. For the ECSE system, with CNC off, set the validation MFE3bPM and open the G@lidation
valvevia the IS Control and Monitoring Sufféigure18). AR2dza i (G KS NB I dz | 2 NRa LIN
knob (turn clockwise) until the delivery pressure reads 7Q kit poceedto Step 16

n Eddy Covariance Sterage Exchange System - X
File Validation Advanced Help
Start Date "
Device Identifiers ~ System Overview  |nletData  Cylinder & Delivery Pressures  IRGA Data Command and Control ‘ Mot active: Device control enabled ] UNDE
Validation | 5. I 348 |IRGAPUmBY
Gases | Low Mid co2 H20 ' |
Span Span Zero Air (il Fero Air Licor LI-840A/
kP.
: Pl LI-850A
H20 Picarro CO2/H20 IRGA
o0- | . Moist| 424
Delivery —~ 1 . : ' H20 Moist | 19600 ottt
kP2 75.9 76.3 77.1 820 H20 Moist | 19.15
I I =
‘. o ) . Validation Valves Temperature | 80.0 Temperature| 51.51
Validstion MFC Full Details ) \ ﬂ /'/,,/ H20 WL.M Purge Valve Pressure| 50.0 el BT
Validati »
Flowrate Setpoint | 0.30 | I 5 Diag | 0
. te M 4 0.00 *li Gas Manifold ’ H20 Laser Valve
owrate Measured | 0. Flowrat
: az0 s, »
Temperature | 27.9 @ -"-\‘"l'ﬂ)' Mass Flow Controller
Valve
e[z F. —;"\.—l . H20 Manifeld Validaticn Valve Flowrate Setpoint | 1,00
Inlet Pressure (kPz) IRGA coz Flow (SLPM) Pump Setpoint {V) Flowrate Measured | 1.00
1 4254 I | - I 7.39 [3.203 Temperature 27.0
—— — —w— - Pressure 39.5
2 43.05 L I_. L. 8.37 | 3.864
3 4236 g L‘ = L"' ‘o 8.23 3,087
4 226 o 2 il v - % 827 [au CO2 Picarro
>> ML Inputs >> L®— ﬁ L.— c L','— I >> Vent >>
3 284 = s = L = = 238 13.585 C02 Moist | 407
o3 lg—= le o
5 4285 ] o N 8.05 3478 |—— €02 Dry| 421
L 14 L o L T !
( i ®— O o ‘
7 0.00 T ‘e e 0.00 [o.000 H20 Moist | 1.94
3 0.00 L. T — O — 0.00 {o.000 Temp | 45
.'— @— .'m—_l]_ Pressure 140
w 4] a
a9 o~ 9 Q3
£3 s >
v

Figurel8. Set thevalidation MFC set point to 0.5 SLPM with gas flowing at 0.2 SLPM via the IS Control and
Monitoring Suite

15. For the ECTE systesat the validation MFC set point to 1.5 SLR#h gas flowing at 1.5 SLPWa
the IS Control and Monitoring SuiteFigurel9on the nextpageAR 2 dza it (G KS NXB I dz | (2 N
adjusting knob (turn clockwise) until the deliy pressure reads 70 kR&nsure thdnstrument
Hut/Envirammental Enclosurgalvesare open,or IRGA/cylinder valves are open.)
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Eddy Covariance Turbulent Exchange System - A
B gy ge Sy
File Validation Advanced Help
Device Identifiers  System Overview  Mass Flow Controller Charts  Cylinder & Regulator Pressures  IRGADats  Command and Control [Nt active: Device control enabled | UNDE
L Input DustTrak System
15,000 - - 2175 Validation v
DustTrak
Gases E Mass Size Mass Flow Controller _
kPa psl 10| 0.00E+0 | Flowrate Setpoint | .00
IRGA 7200/RS 2.5 0.006+0 | Flowrate Measured ol
a0 0 Velumetric) . —
0- -0 25 |Coz2(PPM) D.ote-0 o Volumetri
| I 10| 0.00E+0 Temperature 0 U
Regulator [ L 154 H20 (PET) . Flowrate (MFM)
W |37 i : el aooe=n Pressure 0 0.00
| I £190 Diagnostic
] I 00574 | Dpress Volume (uncorrected) | 0.00
. . Hut Validation Valves
| Volume | 0.00
Normal Open | Hi-Vol System o
Black = Open (@) Boom End Valve Bowas]|
De':;;-:r}- W 233 Green = Closed | Temperature 0
J I . Pressure(hPa) 0
[ ] @ Tower Top Validation Valves
]\l\ Normal Open
| | Tower Top Validation Ambient Air Black = Open
. Sample
Manifold Marss Flow Controler v Green = Closed
Vi . Water Trap
Flowrate Setpoi Inlet Vahe
Flowrate Measured | 0.00 T
Tower Validation
Mass Flow Controller Temperature | 11.8 Vent Valve .—
: I e | Pressure | 95.7
Flowrate Setpoirg | 1.50 resire| 2 Water Trap
Flowrate Measured | 1.50 I Al valves are Outlet Valve
- 0.000 | Sample Pump Voltage Mormal Closed
Temperature 11.7 v unless noted
56 otherwise
Pressure 95.6 W EBlack = Closed W
W Green = Open W
Output OQutput

Figurel9. Set the validation MFC set point to 1.5 SLPM with gas flowing at 1.5 SLPM vi€tméréband

Monitoring Suite
16. Close the solenoid valves associated with
17.

18.

this CGC valve.

Set the Validation MFC set point to zenad restart GIC.

Inform ENG of the new asset tag numlperthe ECSHigh Span Concentratiocylinder

replacementgo update CNC programming for the sifdis ensures proper calibration of the LI

84(0/850 instrumentation.

19.
System(e.g., Maximo/AssetWorkps

o Monitor usage rates.

Update theCFG location for the cylinder via the NE@bgran) Asset Lifecycle Management

4 PRO TIRf Field Scienceotices delivery pressuresf < 50 kPavhile CNC is on (except for archive
cylinders), it may indicate a leak existsigas linefitting, or a failure in theautomated validation
proceduresGas pressure may flucite with temperature changes. Condtlcéseprocedures undeor
nearambient normal operating conditions in the Instrumentation Hut gas room.
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5.5.1.5 Leak Test/Detection for Compressed Gas Cylinders Swap Procedures

Most leaks occur at the valve on the top of the cylinder and may involve the valve threads, valve stem,
valve outlet, or pressure relief devices. Significant leaks may occur on the pressurized portion of the
system between the cylinder valve and the firatwe on the output side of the regulatdreak testing

must occur after the installation/swap of compressed gas cylindéasboth the ECSE and ECTE
systemsReference the procedure below to complete this taB&l{le9 and Table10 below).

Table9. Gas Cylinder Leak Testing Tools & Consumables

Equipment & Consumables Quantity
Squirt Bottltommerciakak Check Fluid 1
ClottiTowel 1
1-1/8 Torque/Crowfoot Wrench 1

-9 Note:A commercial brand leak testing solutiompigferredin lieu ofa soapy water mixture.

TablelO. Cyllnder Swap & General Compressed Gas Cylinder Leak Test Pracedures
STEP1 | Prior to applyingleak check fluiebn

the cylinder valve, squeeze the mixture onto a
cloth to clear bubblesHigure20).

Adding the mixture with bubbles may cause
confusion ovemwhethera leak exists on the valve

STEP2 | Lightly squeeze the appurpose leak
detector solution over the valve connecting the
cylinder Figure21).

- - b
Figure21l. Squeeze Soapy Water Mixture over Val
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5" Sl )
Figure24. Remove the Valve

STEP 3 | Figure22is an example of a minor
leak.

To resolve this type of leak, dry ¢k check
fluid and torque the nut at a higher specificatior

Increase the torque in sets of five until reaching
60ft-Ib at this connection.

STEPA4 |Figure23is an examplef a larger
leak.

To resolve this type of leak, dry ¢k check
fluid and increase the torque in sets of five at th
connection. Do not torque over 60Mb.

If leaks are still occurring, then follow the next
three steps to inspect the cylinder valve fitting.

STEPS | Prior to conducting this stepgHigure
24), dry off the area that is wet from the leak
testing solution.

Bleed off the pressure before remognhe valve.
Reference Sectidn5.1.4.3to conduct
compressed gas system purge pressure
procedures for installing and removing cylinder:

Examine he condition of the threads and fittings
Clean off dust or dirt.
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Figure27. eéssemble the Fitting

STEPG | Inspect the nipple seat (the curved
surface inFigure25) for damagedirt, or dust.

Handle this fitting with care; it easily incurs
damage from impact.

STEP7 | Inspect associated seat fitting inside
the valve for damage~gure26).

STEP8 | Reassemble the fitting with a-1/8
wrench Eigure27). To measure torque, use a 1
MKY ¢ ONER g PR&sEbe adie yfhode @
reverse threaded fittings.

Use a 40fibs. torque specification. If leaks
continue to occur, then use 45kps.,50ft-Ibs.,
55ft-Ibs., and 60fibs. torque maxLeverage
gravity by using body weight on the wrench wh:
torquing(in a controlled fashion).

After adjusting for leaks, check for leaks again
all previously leaking connections found during
leak checking.
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If unable to remedy a compressed gas cylinder leak by tightening theteab@t.-Ibs., bleed the
pressure andlisconnect the gas cylinder from the regulat®eseat the regulator and repeat the
process once more ifiable10to rule out installation errors

Operated by Battelle | NEON Doc.:#/NEON.DOC.00413/

RevisionE

If the cylinder continues to leak after performing this procedure a second time, the cylinder and/or
regulator requires replacemenCap the cylinder and notify the NEON ByineeringENG/
Calibration, Validation and Audit Laboratory (CMAd.Serviceldw to receive further instructions to
return/swap the cylindeor to switch a stainless steel CGA fitting for a brass CGA fiftihg cylinder is
from a local supplier, request a replacemeReferencé\D [14]and AD [15] for additional information.

5.5.1.5.1 Ascaritell

The gassystens alsohave a housing idine with the
G2131 Picarrand LI720&ero air supplyn the gas
room containing Ascarite Hs a C@scrubber(Figure
28). It is not expected to requirfequent replacement
since the zero air has already haubst hydrocarbons
removed.Ascaite is also hygroscopic and will serve as | L
desiccanif exposed to hurd air. However, i should |
still be checked periodicalfpr issues in case of a leak
or a problematic zero air cylinder.

Ascaritell contains soda lime, sodium hydroxide and ,
potassium hydroxideWhen new will be creamy white Figure28. Ascarite 1l housing for 213i Picarr
in color. If exposed to COIt will form calcium Zero Air SuppliNote the Material turning
carbonate and turn whiteRigure28). If >50% othe Whiter/Brighteningat the Base of theHousing.
Ascarite has turned white it should be replaced with

fresh Ascaritewithin the fume hood at the Domain lab

CAUTION: Ascarite Il is corrosive. Do not breathe, touch, or ingest Ascarite Il. Review its

Safety Data Sheet. Replacement of material should be completed in a fume hood, preferably
into a spare housing.

5.5.1.6 Mass FlowMeters (MFMs) and Controllers (MFCs)

The hut contains Mass Flow Meters (MFMs) for the ECSE system. If an issue occurs with the rotary vane
pumps in the Hut, the MFM readings generally provide the first indicator. Conduct condition monitoring
of the inletsand rotary pumps using the MFMs to prevent major issues in airflow and/or damage to the
system via an obstruction in the tubing, MFM or pumph# MFM flow rate readings aré&6<SLPM, it

may indicate an obstruction in the screen, orifice and/enron flter in the air inlet.Table11

provides a few examples of the various MFM readings a site may encounter for ECSE system.
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Tablell. Example MFM Readings for EE&&v Rate

Normal HigIoAItiltuc'ie MFM
Reading (above 10000ft.) Abnormal MFM Reading

Normal MFM Reading

Normal reading for Boulder, CO. g : ; - . :
82?<Pa Normal reading for D10 Niwot Ridge| May indicate a leak in the sample ling

Mountain Research Station

The ECTE system uses two Mass Flow Controllers (MFCs) in the Environmental Enclosure for the LI
7200RSIRGA. The difference between an MFC and an MFM is the valve; MFMs do not have a valve.

RekrenceTablel2 provides a few examples of the various MFC readings a site may encounter for the
ECTE system.

Tablel2. ExampleésampleMFC Readings for ECHIBw Rate

ConcerningSa‘rnbld\AFC

Readin
NormalSampleMFC Reading|  tyisis in Lpw, nothLPl\/I. ltisa| AbnormalSampleMFC Reading
at Sealevel normal MFC reading in SLPM. Alwa| ~ May indicate a clog or kinked tubing.
check the measurements to prevent|
false alarm.

5.5.1.6.1 TaringMass Flow Meters (MFM) Quarterly

The Mass Flow Meters (MFM) used in the Eddy Covariance Storage Exchange system are subject to drift
2O0SN) GAYSD® ¢KS ' E£AOFG YlydzZZf adlraSa ac¢kFNARYy3a Aa +y
providing KS Y2aid | OOdzN} GS YSIadaNBYSyia L2aaArof Séd 5NA
large driftsmaycreate the appearance of leaks or cloGenduct this procedure quarterliFollowSteps

1-5 with Figure29 below.
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Cutrshrpressurs To tare meter 1. Ensure pumps are shut off and there is no flow thout
the meter {t is best to switchthe pump to manual and
setthe dialto zero volts)

2. Check the display to see if the flowrate displayed is
0.00+0.1 SLPM. The pressure reading in the upper
should read ambient barometric pressure

3. Ifitis greater thant0.1 SLPM, then press the Tare V
button on the MFM in the upper right corner
(referenceFigure29).

4. The display should now readflow rate 0f0.00+0.1
SLI.

Figure29. Tare MFMs Quarterly

5. Repeat foremainingMFMs

5.5.1.6.2 SampleMass Flow Controller (MFC) Filter Cleaning for LICGREIB50 Instrumentation

The filterthat connects tcSample MFC to the-BAQ'850 (Figure30) requires preventive maintenance

2y Iy al & NBIjdzA NBRE 0 & A & TduEeNPrac&dBressot dleanint theRRA y 3
micron filter are the same ake 2-micron filter cleaning procedures for the ECSE and ECTE air inlets,
with exception to the location since this MFC resides in the Hut (therefore, no need to retract the
boom).

Table13. Sample MFC Filter Cleaning Tools & Consumables List

Equipment & Consumables Quantity
9/ 160 Wrench 1
SwageloR-Micron Stainless Steel Filter 1 per ML
Brush, Stainle@$ Teflon Tape is on any of the fittings requiring cleaning)
Hydrogen Peroxide, Concentration 3.00%, Capacity 16 oz., Container T}
Cleaner, Ultrasonic, Heated, 6" x 5.25" x 6" (L x W x H) with Sweep and
Detergent, Aniofidconox) Detergent

Air Canned, Filtered to 0.2 Microns

Powdefree Nitrile Gloves 1

PrrrePe
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Figure30. Sample MFC to4840/850 Filter Location in Hut

Conduct the following preventive maintenance procedures forfilier (in Figure30):

1. Shut downCNCTheLI840/850vacuum pump must be off for this procedur&eeAD [12]for
additional information.

a. To stop cnc, type/étc/init.d/cncctl stop " #
b. # This enables maintenance mode which disables-eedtart of CnGt
2. wSY20S GKS FAOGOGAY3IAa dzaAy3a || dkmMcé 2NBYOKD

3. Cap/Plug the openings to the sample line and MFC to prevent dirt/dust from accumulating in the
system.

4. Follow the maintenanceleaningprocedures for the stainless steel filfescreen,and fittings in
Sectiorb.7.3.5.1ECSE Heated/Unheat8&ampleAir Inlet Cleaning & Replacement

5. Follow the reverse order to reinstall the filter and fittings.
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5.5.1.7 Rotary Vane Vacuum Pumps

The hut houses up tonine (dependent on MLs per site for ECSE
system in Hut) rotary vane vacuum pumps, which bolt to linear

| vertical/horizontal steel Unistrut lining the interior wall. A vacuum
pump draws sample air through the air inlets on the tower MLs for
ECSE and ECTE

Rotaly vane compressors and vacuum pumps work by producing
pumping action using a series of sliding, flat graphite vanes, as th
rotate in a cylindrical housing. As showrFigure31, a mounted

rotor turns, and the individual vanes slide in and out of their slots b
Figure31. Rotary Vane Pumpiagran centrifugal and pressurwading forces. This creates a series of air

compartments of unequal volume against the wall of the housing.

Thesecompartments increase during the suction part of the cycle, creating vacuum at the intake port
and decrease during the discharge portion of the cycle, creating pressure at the exhausiguane3?2).

N
7 A
{ . )

EXHAUST PORT

Figure32. Intake Port and Exhaust Port Locations

The vacuum and pressure flows are free of pulsation because the inlet and exhaust ports do not have
valves, and the amoves continuously rather than intermittently.

Many variables determine the life expectancy of a rotary vane pump. These are the ambient

GSYLISNI GdzZNB 6t 26SNJ GSYLISNF GdzNB&a | FFSOG GKS LidzyLIQa
lifespan), duty level, operating cycle, operating speed, camdibif air handled (i.e., cleanliness,

humidity, heat, chemical vapors present (corrosive, noncorrosive)), and most importantly, pump

preventive maintenance. This includes rebuilding the pump due to the graphite or carbon vanes wearing
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down and/or break ovetime or internal filter replacement and/or muffler (airline silencer)

maintenance. If an issue occurs with the rotary vane pumps in the Hut, the MFM readings generally
provide the first indicationData from Observatory operations to date have shown tivate a pump has
exceeded 4 Volts to generate the required flow rate a pump is likely to fail shortly after. Due to this, you
shouldmonitor pump voltages anceplace a pump that is operating at or above 4 votesreduce

system downtimeFor the ECTE sgsh pump, which operates on a static voltage settihg pump and
exhaust muffler should be replaced biannuallydblel).

Submit a incidentticket in ServiceNowo report any noticeable degradation or inconsistencies in

function via the MFM or other monitoring mechanism. NEON HQ Repair Lab provides a functional pump
to swap out the dysfunctional pum@®nce NEON HQ receives tirekenpump, the Repair Lab then

conduck aroot-causeanalysigo determine if the pump requires i@build or etirement. Figure33

displays the components of a GA®Imp for reference and understanding of its internal mechanism.

@ Note: Fovacuum pumpgslubrication ishot required. Use of petroleum or hydrocarbon products
reduces Carbon Vane service life.

CAUTION: Protect all surrounding items from exhaust air; it may become very hot. Pump
surfaces become very hot during operation; allow product surfaces to cool before handling.

Air stream from product may contain solid or liquid material that can result in eye or skin
damage, wear proper eye protection. Clean this product in a well-ventilated area.

# Description aTy
1 MOTOR 1
2 INSERT PLATE 1
3 GASKET 1
4 BODY 1
5 BODY BOLT 4
6 FOAM 2
7 ROTOR 1
8 VANES 4
0 9 INSERT PLATE 1
R i e ey 4 10 RETAINER PLATE 1
n |12 RETAINER BOLT 5
1212 RETAINER BOLT 3
" [13 [siencer 1
: REBUILD KIT (NOT SHOWN) 1

Figure33. GAST Model 2032 Rotary Vane Pump Exploded View Diagram
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5.5.1.7.1 ECSE Rotary Vane Vacuum Pump Removal and Replacement

The NEON prgramHQ Repair Lab conducts the repairs, rebuilds, or replacements of the votary vane
pumps forHeld ScienceThese pumpsD07150000 Assembly 24VDC Pump and Control, Gusset
Mounting Bracketsmay require annual maintenance, depending on site characteretidsystem use

(if the pump voltage is above 4 Volts or not working otherwifeg pump requires maintenance,
reference the following procedure ifable15to remove and replace a pump for the ECSE system.
Referenc@D [05]to remove and replace a pump for the ECTE system in the Environmental Enclosure.

Tabk 14. Hut Pump Removal and Replacement Tools & Consumables List

Equipment & Consumable List Quantity
3/ 160 Hex Key/ All en Wrench 1
Crescent Wrench 1
Flathead Screwdriver 1
Plugs/Caps for Tubes 12

Acquire the necessary tools and consumabledaise 14 and conduct the procedures fablel5.

Tablel5. ECSE Rotary Vane Vacuum Pump Removal and Replacement Procedure
STEP 1| Shut down CN@isconnect thdRJF to th&rapethat controls the pump.

STEP 2| Remove the two cable connections from
the Pump(s) ifFigure34® hy S O2yy SO
speed control via an ECSE Hut Grape and one to a
Power Supply unit below the pumps on the same ht
wall. The power supply unit(s) for the pumps connet
to PDUA4.

Referencé\D [06]and AD [09]for Grape maps and
PDU/PSU interconnects.

Figure34. Dsconnect Pump Cables
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STEP 3| Use acrescentwrendhy R T Ky §
wrenchto disconnect the fittings connecting the gas
lines fFigure35).

STEP 4! 4S + okmcé¢ KSE 1S
remove the fourblackscrewson the underside of the
pump mounting plate(Figure36).

) ‘ STEP 5] Use a flat head screwdriver to release th
ground wire(if present)from the ground clamp.

In Figure37, the ground clamp resides on the right
hand side corner of the pump base plate, closest to
the Unistrut on the wall.

Figure37. Release Ground Wire from Clamp
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e ML > S oS
W e e

Figure39. Wrap the Threads with Teflon Tape

ML MFM LINE

/ ML EXHAUST LINE

Figre. Reconnect Gas Lines

STEP 6| Remove the pump from thgusset
mounting bracket

Figure38displays the ECSE pumps on the hut wall.

STEP 7| Unpack the new replacement pump
assemblyand move gas connection fittings from the
pump removed in Stef. The ittings will need to have
all Teflon tape removed and «erapped with 23
layers of Teflon tape following the direction of the
threads(Figure39).

Next, se a flat head screwdriver to secure the groul
wire under the ground clam(Step 5} Y R | 0 &
key/Allen wrench to securpump tothe gusset
mounting bracket.

STEP 8] Reconnect the exhaust gas lines to the
MFM/ML and the exhaust (the exhaust line is usuall
darker from the graphite in the pump). SEgure40
for orientation.
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ECSE HUT GRAPE PUMP SPEED STEP 9| Reconnect the Grape connections (pum|

o R connection first then Ethernet) and then the power

cables that directly connect to the pump. Seigure
41.

@ Note:Prior torestarting CNCensure the pump
I \ E switch is imremote mode not manual mode.

PUMP POWER SUPPLY
CONNECTION

S

Figure41. Reconnect Power Cables

STEP 10| Currently CNC will need to be updated with replacenmmhp EEPROM Contact ENG for
assistance as needeRBsstart CNC anderify the function of the pump(s).

5.5.1.7.2 EQE Rotary Vane Vacuum Pump Removal and Replacement

For ECTE pump replacememthich resideén the Environmental Enclosure on tower tapferenceAD
[05]. (The steps for this procedure ali&e the procedure for the EC$EmMp replacement.)

5.5.1.7.3 Muffler (Airline SilencerMaintenance

Each pump exhaust tube is fitted with a muffler (airline silencer), which is located on the side of the Hut
for the ECSE system pumps (B&gure42) and onthe bottom of the Environmental Enclosure for the
ECTE systerReferencé\D [05]for the Tower Top Environmental Enclosure preventive maintenance
procedures.

If a muffler becomeslogged, the flow rate may be below the threshol@ial§fle6) and/or pump may be
operating at a high voltage or trip the pump internal breaker.

For preventive maintenance of these mufflers, verify the operatimgditions of thepump andensure
the silencer is not clogged or loose.

1. If cloggedTechnicians may clean the mufflers inf /
a sonic batl{reference the cleaning process for | f

the ECSE Air Inlets. In summation, rinse in the
opposite direction of airflow, placin an 5
ultrasonic bath, rinse again, allow to -@ry, and
reinstall Do not use Hydrogen Peroxide Having
spares of this part at the Domain allowgeld

Figure42. ECSE Pump Mufflers on side of Hut
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Sciencdo swap out mufflers to clean, if the muffler is in good conditiBepeat the cleaning
process if there is no improvement.

2. Replace mufflersas needed or at leasin abi-annual basisSeeSpreadsheefior muffler part
numbers.

3. If loosened by vibration or other means, retighten using a torque wrench.
a. Recomnended tightening torque is approximately 13 Nm = 11%n

4. Black residue is normal in the exhaust lines to the muffler. Momixtraustbuild upin tubing Note:
An obstruction in the muffler from pump exhaust particles from the graphite vanes maythéect
flow rate.

5.5.1.8 Pressure Transducer

Each compressed gas cylinder is equipped with two stainless steel pressure transducers (also known as
pressure sensors) to monitor the compressed gas cylinder pressure (Omega Engineering Model PX319
3KGI) and the delivg of gas pressure (Model PX3190GI) A pressure transducer (Omega Engineering
Model PX31930Al) also services the inlets on each tower measurement level (ML). This pressure
sensor resides in a small enclosure to protect it from the environment, whaints on the tower near

each ML and connects to a corresponding Catawba Grape. The pressure sensor on each measurement
level monitors the pressure between the measurement level inlet (on the boom arm) and the gas
breakout or junction box (gas tubing NEMAcksure near ML1 communication box).

Remotely monitor the pressure transducers using NEON data monitoring software and applications to
maintain awareness on any abnormal output valugeferencé@\D [10]for more information on the
commandcontrol,and configuration of the ECSE system components.

5.5.1.9 Swagelokand TylokFittings

The NEON mgramprimarily employsSwageloland TyloKittings, whichrequires specific tools and
additional steps for reassembling. For preventive maintenance, ensure tube fittings are secure
(SwagelokTylokor other). For Swagelok specific fittingsllow the instructions inrable16.

@ Note: You may disassemble and reassemble Swagelok tube fittargstimes; however,

reassemblyequires additional steps. Refer to ER [06] and ER [10] for additional guidance on Swagelok
fitting installations and assemblies.

Pageb3of 191


https://neoninc.sharepoint.com/sites/fopscollaboration/All%20Collaboration%20Library/NEON%20IS%20Tools%20Consumables%20and%20Parts%20List%20v3.0.xlsx?d=w91eef4983e974db1ad978beff4584ec5
https://neoninc.sharepoint.com/sites/warehouse/Documents/NEON.DOC.000465.pdf

neen

Title: NEON Preventive Maintenance Proceditddy Coariance Systems Date 12/01/2022

&

Operated by Battelle | NEON Doc.:#/NEON.DOC.00413/

Author. C. Slemmong;. Lw, M. CavileerC. Vaglia, T.
Hehn, D. KathR. Zulueta

RevisionE

Tablel6. Swagelok Fitting Disassembly & Reassembly Guidance

Prior to disassembly, mark the tube
at the back of the nut; mark a

line along the nut and fitting

body flats.

Use these marks to ensure

that you return the nut to

the previously pulled-up

position.

Insert the tube with preswaged
ferrules into the fitting until
the front ferrule seats
against the fitting body.
Over 1in./25 mm sizes:
If needed, reapply
lubricant lightly to the
body threads and the

rear surface of the back
ferrule.

STEP 1| Prior todisassembly, mark the tube at the
back of the nut; mark a line along the nut and fitting bo
flats. Use these marks to ensure that you return the nu
to the previously pulledip position.

STEP 2| Insert the tube with preswaged ferrules into
the fitting until the front ferrule seats against the fitting
body.

STEP 3| While holding the fitting body steady, rotate
the nut with a wrench to the previously pullegp
position, as indicated by the marks on the tube and flal
At this point, you will feel aignificant increase in
resistance. Tighten the nut slightly furtheabout a 1/8
turn.
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5.5.1.10 Grapes (Data Acquisition Devicg Data Loggéer

The Grapes are data acquisition aahtrol “*ﬁ\
mechanismgalso known as data loggefsy the ' ‘

sensors and their subsystems. The hut contains
three Catawba Grapes for the ECTE system an =~ ==,
up to six Catawba Grapes for the ECSE systerr
depending on the number of designated tower

MLs per TIS sit&igure43is an example of

Catawba Grapes set up for five MBRgference

AD [06]for specific guidance on TIS Comm
Interconnect Mapping (a map of the of Grape
connections).

The Tower Top Environment Enclosure contain
the Grapes for the ECTE system on the top ML
ReferencéD [05]for more information on the
ECTE subsystem in the ToWwep Environmental
Enclosure.

Conduct the following preventive maintenance
tasks for the ECSE and ECTE Grapes: i &J

o 2
VR
i

1. Ensure connector caps on unused Grape ' .
Figure43. ECSE Catawba Grapes for Five.MLs

connections are secure (locked in place).

2. Inspect and remove any dust and/or debris by vacuum or by dabbing areas witkradiioth.Do
not use compressed air.

@ Note: Remove the Ethernet plug prior to removing any connectors on the Grape. After all
connections are secure on the Grape, phayEthernet cable (must occur last). Cap any connector not in
use.NEVER HOT SWAP SENSOR CONNECTIONS!

For TIS, only thre&rapemodelsrequire annual calibration via CViAlatawba, Merlot, and Concord.
Reference Sectidn4 Remote Monitorindo conduct remote monitoring on the Grapes for eachyEdd
Covariance system.

@ Note: CertainCatawba Grapghas a specifi€NG:onfiguration.Do not swap or change Grapes for
the ETCE or ECSE Catawba Grapésss CNConfigurationis updaed
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5.5.2 Tower

ECSE systemower componentsareon each Tower MLECTE
system tower components are on the tower top ML. RBE
stainless stedlubing connects these components on the tower an
to the Hut. To maintain awareness of structural integrity of these
two systems on the Tower, conduct the &nling preventive
maintenance tasks:

1 Conduct a physical inspection of the gas lines from the gas b
to each measurement level on the tower, to include the tubing
to the Environmental Enclosure on the tower top.

1 Label tubes by corresponding measurement level and gas ‘
F;yllnder. Maintain the labeling of these gas .Ilnes. Replace IatFigure44. Tubirg Secured via Zip T
if they are no longer easy to understand or inaccurate. Accur  and Cushioned Tube Clamps
and clear labels foeach gas tube line is important for
maintenance.

T 9yadz2NBE (GKS GdzoAy3d Aa aSOdaNBE 2y SIFOK (26SNJ YSI &dz
Mkné OdzZAKA2Y SR | YRFigarédA).OSt Ay3 (GdzoS Of F YLA 6

1 Visually examine allibing runs from the air inlet along the ML boom. Look for kinks, obstructions,
or hindrances during retraction and extension of the boom.

1 Verify the installation of thing management clips, clamps, or other devices and are properly routing
and guiding the tubing along the Tower and each ML.

1 Inspect Swagelo&nd TyloKittings from gas breakout/junction box (gas tube NEMA Enclosure) to
each measurement level pressure senenclosure and sample collection lines, to include the fitting
on the bottom of the Environmental Enclosure on the tower tBjgure45 displays canections on
the right of the gas breakout box graphic.

1 Inspect the inside of the gas breakout tmxthe tower and under the boardwaflr any standing
water, corrosionpiologics,or debris (the left side graphic Figure45 provides a good example of a
clean gas breakout ban the towel).
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Figure45. Gas Breakout/Junction Box and Top Connections from Box to Tower MLs
5.6 Eddy Covariance Turbulent Exchange (ECTE) Instrumentqt®msor Systems

¢tKS 9/¢9 aeaidaSy YSIFadaNBa (KS GKNBS RAYSyairzyl f
simultaneously measures the scalar entities {@@ter vapor, and heat) entrainedithin those eddies.

By rapidly measuring (at a frequency of 20Hz) the 3D structure of the eddies and the scalar entities over
a fixed timeframe of 30 minutes, the calculation of the fluxes of, @@ter vapor, and heat may occur.

The NEON ECTE system casgsrof the Campbell Scientific CSAT3 3D Sonic Anemometer and EICOR LI
7200RSIRGA. The CSAT3 uses three pressure transducers to measure orthogonal wind speeds
(streamwise (u), horizontal (v) and vertical (w)) and computes a virtual temperature.-TA@ORS

measures the mole fraction concentrations of&@d HO. The NEON ECTE system is unique as it adds
several components that are not common in an ECTE system. Outside of the main instrumentation (the
Campbell Scientific CSAT3 3D Sonic Anemometehand COR {ZROQURSIRGA), our system includes
heated customizations to the air inlet (Metzger et al. 2016) and sampling tube, an Attitude and Motion
Reference System (AMRS), and an automatesitu gas validation system.

Using the measurements from th&€EE system, NE@Bnhcompute the covariance of various
meteorological parameters that quantify the energy balance ratio equation of the environment, in
conjunction with Soil Heat Flux measurements. The closer the energy balance ratio is to unity, the
greater the confidence in the covariance computations of the vertical wind speed apch@€entration
(mass transfer between the atmosphere and ecosystem, e.g., flux).

The ECTE subsystem consistspaingas cylinders, a rotary vane vacuum pump, MFCs, salgnoi
regulators, pressure transducers, stainless steel and brass Swagelok/Tylok &itid§&P tubing. A

portion of the subsystem resides in the Tower Top ML Boom, Tower Top Environmental Enclosure, and
in the Hut.Figure46 displays the ECTE system instrumentation in the field.
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CAMPBELL SCIENTIFIC CSAT LICOR LI-7200 IRGA
3D SONIC ANEMOMETER

Figure46. ECTE Instrumentation on Tower Top ML Boom (Domain 06, KONA)
Measurementinstrumentation for the ECTE system is, as follows:

1 0300010000 |[SENSORCAMPBELL SCIENTIFIC CSAT 3D SONIC ANEMOMETER
o Electronics Box
0 0346850000 | Xsens Attitude and Motion Reference System (AMRS) and Cable
1 0303030001 SENSOR, GAS ANALYZER CO2 / HZQo00I
0340220000, SENSOR, GAS ANALYZER, CO2 / HZQ0OO, EXTREME COLD
1 0303030010 SENSOR, GAS ANALYZER CO2 / HZQQORS
0 LF7550 Analyzer Interface (Control Box)
0 Heated Sampling Tube
0 Heated Air Inlet

=

5.6.1 Campbell Scientific CSAT3 3D Sonic Anemometer andsXadRS

The CSAT3 (also known as the Sonic, 3D Sonic or 3D Wind) is an ultrasonic anemometer and
thermometer for measuring wind speed in three dimensions and virtual temperature. It uses three pairs
of nonorthogonally oriented transducers to sense theestmwise (u), horizontal (v) and vertical (w)

winds Eigure47). Each transducer alternates transmitting and receiving ultrasonic pulses in pairs. It
measures the time of flight (wind speed along the sonic transducer axis) of each ultrasonic pulse and
cdculates the difference between the pairs to compute wind speed and virtual temperature along each
transducer axis. Quantifying the wind speed via the three transducers with the mean wind vector allows
for the calculation of the virtual temperature.
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4725 cm

Figure47. CSTAT 3D Sonic Anemometer Head

An Xsens AMRS attaches to the top of the CSAT3 support body and integrates the capabilities of a
gyroscope, magnetometer, and several accelerometers to measure pitch, roll, and yawes? Tike

tower top ML boom. NEON uses the data from the AMRS to assess the influence of the boom motion
and sensor alignment on the 3D wind measurements from the CSAT3, as well as detecting boom
vibrations that affect the Cand HO concentration measurements the LICOR{/RO0RS The AMRS
pairs with a cable as an assemb#yglre48).

AMRS

DRAWN M9y NECN INC
STOWER 1018 ne@n

CHECKED " WV NEONING ORG
Frnfy 772012015

ANEWTON 81812015
UNLESS OTHERVISE SPECIFIED

DR NI N ey ASSY, ACCELEROMETER AND CABLE

TITLE

SIZE T DWG O REV
CD00370100 A

SCATE

1.2 DONOTSCI\LE[ SHEET 1 OF 1

Cable Assembly
CA10190000

Figure48. AMRS and Cablkessembly (CD00370100)

5.6.1.1 CSAT3 & AMRS Maintenance

Table17. CSAT3 Tools & Consumables. List

Equipment & Consumables Quantity
3D Wind Alignment Tool 1
Boomtron or Equivalent 1

The CSATS3 requires minimal preventivaintenancgTablel7). On a biweekly basis, ensure there are
no spider webs on the transducers. Webbing may cause a variance in data collection. If spider webs
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exist, pull the boom in to remove them. Carefullyndact a quick sweep to break apart the webbing
without touching the transducers

Conduct visual inspections to check for wear and damage, including corrosion, stress cracks, frayed
cables, loose cable clamps, cable tightness, etc. and take necessaugticeraetions. Periodically check
electrical connections to the sensor and Grape. Ensure the sensor head is free of any surrounding
environmental obstructions, especially after high wind/storm events (e.g., ensure no branches or other
debris are obstructig/damaging the sensor head).

Positioning for the CSAT occurs via the AMRS, which resides on top of the sensor head. The level
requirement is +/ 1.0 degree®n installwith some sites having nerero sitespecific orientations.

Ensure alignment of the sear is accurate, specifically after the discovery of obstructions and/or severe
weather events. SeSectiorb.6.3Removal and Rinstallation of the |-F200RSIRGAHeated Inlet and
Sample TubAssemblyCSAT3 3D Sonic Anemometed Sectiorb.6.3.1for additional guidance on

leveling the CSATB.the AMRS drifts outside of the +/1.0 degree requirement over timgt should

only bere-leveled if > 50 degrees A Data Quality Troubl&icket should be submitted in ServiceNow.

@ Note: Whenever retracting the ECTE boom, the AMRS and3R3Ehould be unplugged from
the PoE connector to prevent bad data from being collected and prevent issues with AMRS heading
readings. Remember to pliock in when maintenance is complete

The AMRS contains no user serviceable components for preventive maintenance. At a minimum, inspect
sensor cables and mounting hardware for wear and tear, corrosion and/or other environmental
damage. If the sensor maluations, request a replacement.

@ Note:lt is recommended NOT ttisconnect the cable from the AMRS. Remove the cable at the
Grape along with the unit since they are one assembly, if intending to replace a defectiveTAMRS.
connecting pins to the AMR&dragile and damage can occur when reseating the connector.

5.6.2 LICOR EI200RSIRGA (ECTE Tower Top)

The LI7200RSis a nondispersive, closed path infrared &€B,0 analyzer for use in Eddy Covariance
Flux measurement systems (seigure49. LICOR t1200RSIRGA Overview Diagramlhe NEOINrogram
selected thignstrument to capture fast (turbulerscale) measurements ob8& and C@concentrations
across all Domain TIS sit&he fast HO and C@concentration measurement collects through the
combination of an optical sample cell in the/R0O0RSsensor head and separate electronics box for
digital signal processing (i.e., the LICOGRBD Analyzer). Air samples flow through th& 200RSvia a
rotary vane vacuum pump, which resides in the Environmental Enclosur@[s§25).

DO NOT USE THE LICOR200RSSOFTWARE TO CALIBRATE THE SENS
DO NOT ATTEMPT TO REPLACE THE INTERNAL CHEMICALS INSIDE T

HEAD
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__— Detector
__— Window - Scratch
==l resistant sapphire

for easy in-the-field
cleaning

S——
- Sample Inlet
T~ Inlet Thermocouple
_— Pressure Tube
Outlet Thermocouple

Outlet - to Flow Module

_— Window

——— Focusing Lens

Chopper Filter Wheel

— Chopper Motor

——Infrared Source

Pressure

Figure49. LICOR 1200RSIRGA Overview Diagram

5.6.2.1 LF7200RSIRGA Air Inlet Filter Cleaning & Replacement

The ECTE IRGA air inlet sits on the Tower Top ML boom arm witha2@dRSand Li7550

instrumentation to collect and processragle air measurements. Its subsystem components reside in

the Tower Top Environmental Enclosure (8&&[05]).
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Description

Screen, 316 55, 075" Dia,, 100 x 100 Mesh, .D055" Dpening, .0045" Wire Dia.'

Assenbly, Inlet Cap and Heater

Adapter, 1/4"FNPT, 1/4"MNPT, PFA

In-Line Filter Welded, Stainless Steel, 0.25 inch MALE NPT - FEMALE NPT Pleated Mesh Element 2 Micron Pore Size
Connector, Male Stainless Steel 0.25 inch OD, 0.25 inch MNPT

Tube, Stainless Steel, .25 Inch OD x .12 Inch I x 28.3 Inch length

55 Swagelok Tube Fitting, Bored-Through Male Connector, 1/4 in. Tube 0D % 1/4 in. Male NPT
Assembly, Heater Tube Inlet S0W @ 48vDC

Spiral Wrap, Black Polyethylene, 0,375 inch OD, Wall Thickness 0.052 inch, 100 foot Spool
Heat Shrink, Butt Splice Insulated, reducing. 16-14 to 22-18 AWG 600V

Assembly Cable12-4 Inline Receptacle Clocked W Single End 3 feet

Insulation, Pipe, Unslit Foam Rubber, 3/8 inch Thick, 1/2 inch ID, & foot Length

Cable Tie - UV Black Nylon 5.75% x 14"

Heat Shrinkable Tubing, Polyelefin, 2:1 Shrink Ratie, White, 1.5" Dia,, 8" Lg

Heat Shrinkable Tubing, Polyolefin, Z:1 Shrink Ratio, White, 1.5 Inch Dia., 26.0 Inches Lg

Figure50. ECTE IRGA Hed Air Inlet Exploded View and Build of Materials

The ECTE IRGA air inlet, like the ECSE air inlet, uses a stainlessstex flter (#4 inFigure50). The
cleaning procedures for the filter and orifice fittings are the same as the ECSE airabletf).

The ECTE IRGA plugs directly into ti#BD control box on the tower top and two heat transformers.
Referencelable18 and Table19to conduct preventive maintenance on the ECTE IRGA.

Table18. ECTE IRGA Air Inlet Tools & Consumables List

Equipment & Consumables Quantity
LF7200RSSpares/Cleaning Kit 1
InLine Filter Welded, Stainless Steel, 0.25 inch MAIEEWEP'E NPT Pleated Mesh Element 2 Mig 1
Pore Size

Heat Shrinkable Tubing, Polyolefin, 2:1 Shrink Ratio, White, 1.5" Diameter 1@ 6"
Screen, 316 SS, 0.75" Dia., 100 x 100 Mesh, .0055" Opening, .0045" Wire Dia. 1
TearResistant Silicone Foam Pipe Insulation, 3/4" Insulation ID, 1/4" Thick 1@ 6"
Tape, Thread, Low Density, PTFE Tape, Thread 1
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Equipment & Consumables Quantity
Brush, Tube, Black Nylon, Diameter: 1/4", Length 36"

Brush, Tube, White Nylon, Diameter: 1/6", Length 32"

Brush, Sieve, Black Polypropylene, Dia. 1 3/4", Lg. 6 1/4"

Tape, Kapton Hdlyimide Film, 1/2" x 36 yds., x 1 Mil, Silicone Atfi$g€ivie, 260°C
Brush, Stainless

Hydrogen Peroxide, Concentration 3.00%, Capacity 16 oz., Container Type Bottle
Wrench, Strap, 3.000 (76.2) Dia. Max., 12" Strap

CleanetJltrasonic, Heated, 6" x 5.25" x 6" (L x W x H) with Sweep and Degas
Gun, Heat, 120VAC, 125 A

Detergent, Anionic (Alconox)

Air Canned, Filtered to 0.2 Mi@oother compressed air supply)

PowdeFree Nitrile Gloves

Cable Tiefor Rdnstallation of Inlet to ML

Scissors

I © Wrench

9/ 1606 Wrench

Digital multimeter

T RRPRPRRRPRRPRRRERRER

H
=

T

EIRTINIIND 4

General Rules When Handling the ECTE Inlet

1. Never bendhe inlet tube for any reason.
2. Take extra care when cutting away white shrink tubithg notcut/nick/chip the cap heater wire.

3. When loosening and tightening fittingsever grip the tube itself, use a wrench to hold onto adjacent
fittings for leverage (gripping the tube can cauke tube heater wrap to spin and overlap itself causing
hotspots that eventually burn up/short out).

4. Be careful when handling the gga small drophit can cause the switch epoxied inside the cap to fail.

5. Always make sure to fgcrew the plastic fittig into the cap at an angle, take your time to get this
right, as once the threads are stripped there is no fixihdNte that a plastic fitting is used in place of
stainless steel as a thermal break to separate the heaters in the cap and on the tubing.

6. Never use Teflon tape on swage fittings or between steel and plastic fittings.

7.When retightening swage fittings, you do not need to over tigh@waertighteningauses the fitting
to swage even further, closing off more of the opening and makingatly impossible to remove.

Table19. ECTE IRGA Air Inlet Cleaning Procedures
STEP 1| Acquire the equipment and consumablesTiable18.

STEP 2| Shut downCNCReferenceAD [12]for additional information.
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Figure51. Disconnect Gas Line on Tower Top Boom

STEP 3| Retract the tower
top pivot boom.

Always disconnect (and
plug/cap the gas line fitting if
the pump is off or during long
durations of having the tubing
disconnected) when retracting
the tower top boom gee
Figure51). When reconnecting
after extension of the boom,
hand tighten first, and then
tightenwithadok mc € & N

@ Note: Whenever retracting the ECTE boom, thé&kR&8Nnd CSAT grape should be unplugged f
the PoE connectdo preventbad data from being collected and prevent issues with AMRS headir

readings Remember to plug back in wheraintenance is complete

Reference AD [20], NEON.DOC.004980 NEON Preventive Maintenance Procedure: Site Infras
for procedures to retract and extend the tower top ML ECTE/SE boom.

Figure52. Remove Capti'chrews from ECTE Support Clamp

STEP 4| Disconnect the
IRGA heated air Inlet and
sample tube from the LI
7200RS Remove two captive
screws from the ECTE sample
tube support clamp at the end
of the tower top boom shown
in Figure52.

Cap/plug the samplaubing if
you are not conducting a one
for-one swap of the
components. Employ care witt
the new air inlet. If swapping,
use ESD handling precautions

Conduct the remaining preventive maintenance steps on the ECTE IRGA

inlet at the Domain Office.
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STEP 54 wSY2@S (hvtd nearest thekchoy cutting it off with scissdssing careful
not to cut the small wire for the heated cgpigure53).

- " «‘A‘.z e f ..A‘ ' s
Figure53. ShrinkWrap Removed fromend of ECTHlet.

STEP 6| Carefully slithe tapewith scissorsindopenthec ¢ LJA SOS 2 F o f Ibéirfg
careful not to damage small heater wire.

STEP 7| Usingtwo 9/16¢ wrenches loosenthe Swagelokut until freed & S\enah heré A y
Figure54). Unthread the idine filter from the PFA adaptor by hand if possible. Separate the inline
FAEGSNI FNRY G LISR FAGGAYT gAGK I ONBaOSyli
cap by hand if possible.

CD033333800 i
Inlet Cap/heater assembly '

0337320000 In-line filter
PFA Adaptor Wrench here
Loosen to remove inlet cap
Wrench - -
0334700000 , here
Screen -

Heater cable

Figure54. ECTE Inlet Fittings with Insulation Pulled Back
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Figure55. Secure Inlet Cap to Prepare for Inlet Tube Cleaning

Figureb6. Removihg Screen with a Dental Pick or Equivalent

Figure57. Use a &ip to Clean Debris from Inlet Cap

Page66 of 191

STEP8| Prior tocleaning
secure the inlet capo the inlet
tube using rubber bands or
tape to help prevent damage
while cleaning the inlet tube
(Figurebb).

STEP9]| Push the inlet cap
screen out of the grooved cap
using adental pick or
equivalent Figure56).

STEP 10| Conduct the same
cleaning proceduren the
inline filter for the ECSE heate
air inlet inSectiorb.7.3.5.1
Table45, Step 2-28.

In addition, use a @p soaked
in 95% ethanol to clean the
inlet cap from both the
screened and PFA adaptor en
(Figure5s7).

Compressed air may also be
helpful in cleaning the inlet
cap.
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STEP 11| Use compressed air to blow out the inlet tube for approximately 20 seconds. Repe:

from the opposite end.

Figure59. Long Nylon Tube Brush inserted through IIE:t Tubing

STEP 12| Using tap water
and a syringe force water
through the tube in each
direction for approximately 10
seconds to remove any larger
particulates Figure58).

STEP13]| Use along,
YIENNRg 06200t S
RAFYSGSNE oHé
been soaked in Alconox (2
oz/gal water) and run the tube
brush back and forth all the
way through the inlet tube at
least 5 timeqFigure59).

Repeathe previous step (8p
12) to rinse.

STEP 14| Rinse the bottle brush thoroughly with tap water and soak in 95% ethanol. Run the

brush through the inlet tube as in the prieus step (Step 13).

STEP 15| Dry the tubing by applying compressed air to the tube for approximately 30 second

prior to proceeding with reassembly

STEP 16| Reapply Teflon tapéo stainless steel adaptditting and follow the reverse order to
reassemblgFigure60). ReferencdRD [11for Teflon Pipe Tape Application instructioise PFA
adaptor (compressionfitting should be hand tightened onlyover tightening will damage threads)
carefully threadthe PFA adaptainto the cap at alight angle Go slow and be careful to avoid cross

threading.
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Teflon tape here

e 1 |No tefion|
REPAD AN e

- ' ’ ,
S Lie vr/ B R
é.: OB\ (.;.\;_, ::_;:5 No tefion lape for swage lmlngs ,31

Figure60. ECTE A|r Inlet Sample Tube without Insulation

STEP 17 | Cutand reapply foam to the fittinga A SYof & 6dcé LIASOSO P
in good condition and tuck heater wire into the foam, avoiding any sharp bends or @dgese61).

Figure6l. Cut orUse a 6" Piece of Insulation

STEP 18 | Wrap and tape
GKS c¢ LIASOS =z
the end of the cap over the in
line filter, wire and Swagelok
fitting at the end of tube
(Figure62). Use Kapton HN
Polyimide Film Tape, 1/2" x 3€
yards, x 1 Mil, Silicone

Figure62. Wrap the Insulation with Tpe
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Adhesive;269°C to 260°C for
this step.
STEP ©®py LF¥ NBlFaasSvyofAiAyda GKS SyGuANB |aaSvyofe
tape the insulation around the cablesandko FNRY GKS SyR 2F (KS Ay

Swagelok nut at the end of the roBligure63is the result of this step(Skip thisstep if only
I RRNBadaAy3d GKS cé LERNIA2Yy 2F GKS AN Ayt Si

£ > -

Figure63. Sam'ple Tube Full Insdlation

R et — . STEP20p {tARS I
\ of white heat shrinkwrap over
S PN S A A : the cables and insulation.
: SN RO e Sl 2 SN Position exactly as displayed il
e Figure64.
St TN et Sl 2 . _ )| Position at the Swagelok

3 fitting on the end of the tube. Skip this step if 0n|y
B v I RRNBaaiy3d (K¢S
the air inlet.

STEP21 | Heat the white
shrinkwrap onto the assembly
using a heat gurH{gure65).

Skip this step if only
FRRNBaaAy3a (K¢
the air inlet.

STEP22uy {f ARS |
of white heat shrinkwrap over
the remaining portion of the
insulation. Allow a portion of
the shrinkwrap to overlap onto
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Figure66. Slide on Shrink Wrap

Ensure the wires out of the
cap are covered

Figure67. Heat the Shrink Wrap

Figure69. Stainless Steel Screen Installation

Pager0of 191

the cap to ensure the wrap
covers the wiresKigure66).

STEP 23 | Heat the white
shrinkwrap again using a heat
gun Figure67). Move quickly
over areas to prevent
overheating areas/creating
hotspots that may cause
damage to the components.

STEP 24 | Usea sharp blade
to trim the white heat shrink to
fit around the exterior of the
cap. Use caution when cutting
to prevent cutting any wires or
body parts.

Follow the red line for
reference inFigure68.

STEP 5 | Gently install the
new and/or clean stainless
steel screen using a dull/blunt
object or tweezers to carefully
push into the groove of the
interior cap Figure69).
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P TR - 0N N v

Figure71. Measure Resistance of the ECTE Heater Cables

@ Note: The heater component rates at 100W at 48Kecking heating
components is to ensutbe heaters and wires are not damaged and
whichcable is which. Best practice is to label the cables both on the in
assembly and on the tower.

STEP % | Use a digital
multi-meter to measure the
resistance of the two cables
between pins A and B (circled
in red inFigure70) on the

cables that connestthe

heating components.

STEP 27 | Measure
resistance Figure71).
Measurement for the ECTE ca
heater component is 25
ohms Figure72).
Measurementfor the sample

tube heater is 4885 ohms.

6) ¢
2.
Auta

"l
) N
680
1 1

Figure72. DMM for ECTE Cable

Figure73is an example of packaging the sample tube for transporting from locations to protect 1
tube using a generic plastic bag (left) from external dust/debris and electric shocks using an

electrostatic discharge bag (right) for the two cables.
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Flgure73 Sample Tubé Packaglng for Transportmg
5.6.2.2 LIF7200RSIRGA Optical Path Cleaning

The LICOR {7200RSIRGA is tolerant of small particulates on the windowthey are small, and

spectrally neutral (the windows are sapphire, which are durable and resistant to scratches). The LI
7200RSoptical path and windows require maintenance when the sensor prodiseesignal
strength/valuesf signal strength is<85% the analyzer cell should be cleanas specified belowL}

COR suggested to reset signal strength to 100% after window cleaning. But at NEON, field staff do not
perform this reset, and only CVAL wlil the signal strength reset when this IRGA is back to HQ-for re
calibration. Therefore, occasionally, the signal strength could be slightly higher than 100% (but typically
<105%) after a careful window cleaning at fiefdther contaminants such as dusid pllencan also

affect signal strength. Pollda a problem because it is sticky and accumulate

Monitor the signal strength via the diagnostic value 8191 (stream number) for changes to determine if
optical path/windows require cleaning. The diagnostic value is a binary representation that changes
when the instrument incurs a variety of issues. If thnber is other than 8191, it may mean that the
lens requiregleaningor another issue exists with the sensor. To prevent an optical path/window
cleaning that may not be necessary (nor resolve the issue), submit a ticket in the Issue Management
System fo help in identifying the issue that relates to the diagnostic c@ddiagnostic code calculator

has been developed that will help interpret coded values.

The L7200 detector is sensitive to sunlight/UMttaviolet) radiation. Opening the opticakll must
occur indoors for cleaning to prevent contaminationdamage

Remove the optical bench from the instrumentation and clean the optical path with any mild detergent
or glass cleaner. NEON HQ recommends the following cleaning consumalaései?0.

Table20. Optical Path Cleaning Tools & Consumables List

Equipment & Consumables Quantity
Kimwipes AR
Bower 6 In 1 Digital Camera Cleaning Kit Model 1
Squirt Bottle (125ml Nalgene Translucent Economy-tiéasity 8wlyethylent 1
Bottle)

3/160 Hex Wrench 1
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Plier/Towel (if the thumb screws are too tight to remove, use pliers or a 1
leverage)

1. Acquire the appropriate equipment and consumablesTahle20.
2. Shut downCNCReferenceAD [12]for additional information.

3. Retract the tower top pivot boom to access thed®R LI7200 to clean the optiBeference AD [20],
NEON.DOC.@980 NEON Preventive Maintenance Procedure: Site Infrastrfictyyeocedures to
retract and extend the tower top ML ECTE/SE bimorimstructions.

4. Disconnect the temperature cable, sensor head cable and pressure tubEiggee49). Cover open
tubes left on the boom with tape to keep out bugs and/or dirt.

5. Remove the ET200RSinstrumentation from the boom by removing its boom arm mount clamp.
UseaBmMcé¢ KSE 6NBYyOK G2 NBY2@0S GKS G¢2 OF LIWGADS
lose the spacers and washers.)

Q)¢
O

6. Return to the Hut with the assembly to conduct the preventive maintenance procedoesot
open the optical cover unless indoors.

7. Locsen the two knurled knobs on the top of the1d00RSsensor head, and then pull the top of the
sensor head out away from the optical bench (Bégure74).

/ Optical Windows \

S
S

Loosen these
2 knobs

A

Do not use any 1 — Removeable
Q-tips or stick - Optical Bench
anything in these

fittings.

Figure74. LFCOR LT200RSOptical Window Location and Access
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@ Note: The optical bench has a PVC insert as the optical path. You can use mild soap and water,
isopropyl alcohol, vinegar, or distilletbionizedvater toclean the optical pathDo not use acetone,

ammonia, chlorine, compresseair, or wire brushes to clean the path, as irreparable damage to the
PVC insert may occur.

CAUTIONDO NOTUSE QTIPS TO CLEAN THE FITTINGS ON THE REMO
OPTICAL BENCH. THESE FITTINGS CONTAIN DELICATE THERMALCO

MAINTAIN TEMPERATURE MEASUREMENTS. IF THESE THERMALCG
INCUR DAMAGE FROMTQPS, THE SENSQBSESTS ABLITY TOAKE
TEMERATURE MEASURBWS.

8. Conduct the following preventive maintenance procedures to clean #Hi2 Q'RSoptical path in
Figure74.

a. Remove as much loose dust and distpossible from the lens with a hand squeeze blowerfsoft
bristled brush

b. Spray a stream of water from a Nalgene bottle (squirt bottle) on the lens to remove lodged dust
and dirt.

c. Apply a few drops of lens cleaning solution to a lessue/kimwipe cleaning cloth.

d. Using a lateral motion (not circular) and gently clean contaminants from the lens surfaces.
9. Once complete, reassemble the sensor head.
10. Reinstall the sensor on the tower top boom.
11. Reconnect sensor connectians

12. Initiate CNGand verify function before leaving site.

5.6.2.3 LIF7200RSIRGAInlet Tube Heating Adjustment

Regularly monitor the LY200RScell temperature differentialréference Sectios.4 Remote
Monitoring) to determine proper functioning of the inlet tube heater. The profunctioning of the
heated inlet will minimize condensation in the sample line and within the IRGA. The temperature
difference between the inlet and outlet of the LI17200 should be with6t €. If not, you may need to
adjust the potentiometer in the trasformer box mounted to the tower top railing.

There are twdheaterboxes, one for the inlet tube heater and one for the inlet cap hedayure75).
Ensure that you know which is for the inlet tube before makiagteradjustments Trace the cables to
the inlet tube heatetto help identify each, if necessatyabel each box, if not already labeled, for future
reference.
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4 PRO TIPThe tube heaterable on the ECTE inlet is the longer of the two grey cables coming out of the
inlet tube.
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Figure75. Inlet and Tube HeatdBoxes

FollowSeps1-5 belowto makeheateradjustments. Further troubleshooting is available in the

following guide on Sampling Support LibraBuidec Checking the E1200 Tube Heater Temperature
Differentia)

1. With ONC on to activate the relay and cables still attached to the box and inlet, loosen the four
captive screws holding the lid and ciicboard
2. 'aS I RAIAGEE YdAf GAYSGSNI (2

OK S @q Figrg7$), tigs2 £ G 3 S |
should read approximately 14.5 V D&lligator clip probes can be helpful for this st¢p

3. LT y2043 OFNBTddzZ f & (dzNYy K BguleEs)s@all inciendhs io Bdjuista O NS &
output voltage until it is approximately 14.5 V DC.
a. Turn clockwise to increase voltage out aminterclockwisdo decrease.

After making the adjustment, wait sexal minutes and then verify by streaming the/RDORSand
comparingSream 13 (Templnjvith Stream 14 (TempOut)

a. Ina TEPtype:vd-s 0xZZZZZZ&hereZZZZZ=MA&ddress of LI17200
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b. CTRL+6&topsthe stream so you can compare

5.  Apply Krytox grease to ¢hbox gasket and reinstall onto mountjrensuring gasket is not twisted
and cables are securely attached

v Out Adiagt

\ \
g\

Figure76. Inside of HeaterBox

5.6.3 Removal and Rénstallation of the Li7200RSIRGA Heated Inlet and Sample Tub&ssembly
CSAT3 3D Sonic Anemometer

Use the following Table§ éble21and

Table22) to remove/replace ECTE tower top instrumentatibiote: The following is an outline of the
basic steps, &ield Science Guides also been developed with additional detailstgpportfield
replacement.

Table21. Campbell Scientific CSAT 3D Sonic Anemometer, LICORXRSIRGA
Replacement Tools & Consumables.List

Equipment & Consumables Quantity
100 Torpedo Level 1
26 Bubble Level 1
3/ 160 All en Wrench 1
3/ 160 Hex Socket 1

Pager6of 191


https://neoninc.sharepoint.com/sites/fopscollaboration/All%20Collaboration%20Library/Field%20Science%20%20Guide%20-%20ECTE%20Wind%20and%20Li7200%20Refresh%20v1.1.pdf#search=li%207200

n e C’ n Title: NEON Preventive Maintenance Procediiddy Coariance Systems Date 12/01/2022
°

Author. C. Slemmong;. Lw, M. CavileerC. Vaglia, T.

Hehn, D. KathR. Zulueta RevisionE

Operated by Battelle | NEON Doc.:#/NEON.DOC.00413/

Flush Cut Diagonal Cutters 1
Soft Grip Pliers 1
Crescent wrench

Thread Lubricant 1
Cable Ties A/R
9/ 160 Wrench 1

Table22. ECTE Tower Top Pivot Boom Arm Removal/Replacement Procedures
STEP 1| Acquire the appropriate equipment ifiable21.

STEP 2| Shut down theCNGria the LC.

STEP 3| De-energize the two Grapes for the CSAT
Sonic Anemometer by removing the Ethernet cable fc
both Grapes:

1 AMRS Concord grape (24V)

1 CSAT3 Merlot Grape (12V)

Note that the L17200RSplugs directly into a control
box anddoes not use a Grap8oth Grapes mount to
the Tower top railing under the protection of a Grape
shield Eigure77).

Figure77. CSAT3 andMRS Grapes on Tower Top .

STEP 4| Retract the tower top pivot boom to reach the instrumentatidReference AD [20],
NEON.DOC.004980 NEON Preventive Maintenance Procedure: Site Infrastructure for procedures tc
and extend the tower top ML ECTE/SE boom.
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