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Section A. Project Management

1.0 Quality AssurancedProjectPlanldentification and Approval

Title:  WyomingDepartmentof EnvironmentaQuality, Air QualityDivision(WDEQAQD)Quality
Assurance Project Plan (QAPP) for the Meteorological Ambient Air Monitoring Program.

ThisQAPHor the MeteorologicalAmbientAir QualityMonitoring Programis herebyrecommendedor
approval and commitment from the Department to follow the elements described within.

WyomingDepartment of EnvironmentalQuality, Air Quality Division

Air PollutionMonitoring ProgramSupervisorl_eifO.Paulson Date

Quality Assurance Coordinatory Hysell Date

Air PollutionMonitoring ProgramManagerMark R.Gagen Date
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4.0 Project/TaskOrganization

Sincethe early1970sthe Air PollutantMonitoring Program(APMPhasbeencommittedto monitoring the

FAN) ljdzZt £t Adeé 2F 2@2YAy3d gAGK GKS 3F2Ff 2F LINRGSOGAyY3
SYG@ANRYYSYy(l F2NJ GKS o0SySFAG 2F OdaNNByd FyR 7Tdzi dzNB
valuable information that allows for dermination of future policy considerations.

111 NA

Thez 5 9 v 1 plan§operatesandmaintainsanumberof different typesof ambientmonitoring stations,
includingNationalCore(NCore) StateandLocalAir Monitoring StationgSLAMSSpecial Purpose
Monitoring Stations (SPMS), Interagency Monitoring of Protected Visual Environment (IMPROVE)
monitoring stations, and Industrial Monitoring Stations (IMS).

TheSLAMS@resitedin populatedareasto monitor publichealthanddemonstratecompliancewith the
National Ambient Air Quality Standards (NAAQS) but may serve other purposes, such as:

1 Providingair pollution datato the generalpublic inatimely manner
1 Supportingcompliancewith air quality standardsandemissionstrategydevelopment
1 Supportingair pollution researchstudies

TheSPMS&ollectivelyhavemultiple objectives Theseobjectivesinclude:

Providingair pollution datato the generalpublic inatimely manner
Monitoring publichealth

Investigatingpollutant concentrationsdownwind of sources
Determiningbackgroundpollutant concentrations

= =4 —a A

Since2011,the2 5 9 v 1t hasoperatedafleet of mobilemonitoringstationso & Y 2@tk If Bio2 y & € 0
AYy@SaGA3ILGS ljdzSadAaz2ya 2N O2y OSNY & I 02 dzAdditiokaMy, |j dzi f
0KS 259vmn!v5 FTRYAYAAGSNRE +y b/ 2NB aidldAiazy | a LIN
in air quality. The IMS are independently operated stations that meet the requirements of their permits.

'f 0 K2dAK 259v ! vibK KNJa( & OGN ABKS  LISiatwvoiksite NStpdrteN S R Y 2 v
asindependentPrimaryQualityAssurancérganizationgPQAOs) under separate AQD aidAEpproved

QAPPs. IMPROVE monitoring stations are also independently operated, where AQD funds the operations

and analysis through EPA Grants.

A
Ji

Ny r/I\/

Thez 5 9 v 1 Isecommittedto qualityandthe implementationof the proceduresandpracticesound in

this QAPP. Quality assurance (QA) is an integrated system of management activities involving planning,
implementation, assessment, reporting, and quality improvement to ensure that a process, item, or service
is of the type and quality needed aiad expected. Quality control (QC) is the overall system of technical
activities that measures the attributes and performance of a process, item, or service against defined
standards to verify that they meet the stated requirements established by the custorhe QC system
includes the operational techniques and activities that are used to fulfill requirements for quality.

Qualitycontrolislargelyimplementedthroughthe QAPRandthe standardoperatingprocedureSOPS).

Eachinstrumentin the variousmonitoring programshasuniquerequirements statutory standardsand
supportequipmentthat mustbe in placein orderfor the instrumentationto be operatedaccordingo the
guidelinesyules,and policiesthat mustbe followed.ThisQAPRncorporatesthe unique qualities that are
ALISOATAO (G2 YSGS2NRft23AO0FE Y2YyAG2NARAY3I F2N 0KS 259v7

LYLX SYSyGlFdGA2y 2F GKS 259vn!v5 Y2YAG2NARAY3I LINPINFY |
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and accepts this responsibility to identify the QA requirements that will meehdeglsandexpectationof
the monitoringprogram.Anyworthwhile monitoringprogramfocuseon preventing quality problems.

Sincehe? 5 9 v 1t hagab overarchingQualityManagemenPlan(QMP)in place thisandall QAPPs will be
YI'YRFGSR 6& GKS 259vm!v5 vat®d® ¢KS vat RSEZONAROGSE (K
structure, functional responsibilities of management and staff, lines of authority, and required interfaces

for those planning, implementing, ssssing, and reporting activities involving environmental data

operations.

¢tKS F2ft26Ay3 adzoonaSOiAzya RSAONAROGS GKS LINR2SOG LI T
participant.Figurel, whichisin the lastportion of this section,illustratesthat managemenstructure.

4.1  Air Pollution Monitoring ProgramManager

TheAPMPManagerhasoverallresponsibilityfor managinghe2 5 9 v 1 hceosdingo WDEQolicy. The
direct responsibility for assuring data quality rests with line management. Ultimately, the APMP Menager
responsibldor establishingQApolicyandfor resolvingQAissuesdentified throughthe QAprogram.

Major QArelatedresponsibilitief the APMPManagerinclude:

Participatingn the budgetandplanningprocesses.

Assuringhatthe2 5 9 v 11 Hevelopsandmaintainsa currentandgermanequality system.
Assuringhatthe2 5 9 v 11 HevefopsandmaintainscurrentQAPPs.

Assuringadherenceo the QAdocumentsby staffand,whereappropriate,other extramural
cooperators establishing policies to ensure that QA requirements are incorporated in all
environmental data operations.

1 Maintaininganactiveline of communicatiorwith the APMPSupervisorQACoordinatorand
Project Managers conducting management systems reviews.

E

Thez 5 9 v m ARMPManagerdelegateghe responsibilityof QAdevelopmeniandimplementationin
I O0O2NRIYyOS ¢gAGK 259vm!v5 LRt{tAOASAd h@SNEAIKIG 2F (K
Quiality Assurance Coordinator.

4.2  Air Pollution Monitoring ProgramSupervisor

The? 5 9 v m ARMESupervisoisthe delegatednanagerof the routine monitoringprogramswhich
includes the QA/QC activities that are implemented as part of normal data collection activities.

Responsibilitiesf the APMPSupervisomclude:

1 Communicatingvith EPAProjectOfficersand QAPersonnetegardingsamplingandquality
assurance activities.

1 UnderstandindePAmonitoringand QAregulationsandguidanceo ensuresubordinates
understand and follow the regulations and guidance.

1 Understandinghe2 5 9 v 1t ! QApoliciiandensuringsubordinatesio aswell.

1 Understanding aneénsuringadherenceo the QAPP.

1 Reviewingacquisitionpackagesgcontracts grants,cooperativeagreementsandinteragency
agreements) to determine the necessary QA requirements.

1 Developindudgetsandprovidingprogramcostsnecessaryor EPAallocationactivities.
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1 Ensuringhat all personneinvolvedin environmentaldatacollectionhaveaccesso any
training orQAinformationneededto be knowledgeablen QArequirements protocols,and
technology.
1 Certifyingto EPAhat dataaretrue, correct,andreportedto EPAper Title 40 Codeof Federal
Regulations (CFR) Part 58.15

4.3  Quality AssuranceCoordinator

TheQACoordinatoristhe delegatedmanagerofthe2 5 9 v 1t ! QAPrdgiamTheQACoordinatorhas

direct access to the Administrator, APMP Manager, and APMP Supervisor on all matters pertaining to QA.
TheQA/ 2 2 NR A nfainieshonBltilityis QAoversightandensuringthat all personnelunderstand the
259vm!v50a v! LREAOE FYR Itf LISNIAYSY(d T™eQA v! L2 A
Coordinator provides technical support and reviews and approves QA products. Responsitulitoses

1 Developingandinterpreting?z 5 9 v 1 QApBlicyandrevisingit asnecessary.

1 Developinga QAAnnualReportfor the Administrator.

1 AssistingContractorsaandProjectManagersn developingQAdocumentatiorandin providing

answers to technical questions.

1 Ensuring that all personnel involved in environmental data operations have access to any
trainingor QAinformationneededto be knowledgeablén QArequirements protocols,and
technology.

1 Ensuringhat environmentaldataoperationsare coveredby appropriateQAplanning
documentation (e.g., QAPPs, data quality objectives, etc.).

1 Ensuringhat reviews,assessmentgerformanceevaluationsandauditsareschedulecand
completed and, if needed, conducting or participating in QA activities.

1 Trackinghe QA/QGstatusof all programs.

RecommendingequiredY | Y I 3 S Y Sobriectite&cihBst

1 UploadingQA/QCdatato the 9 t ! AR@ualitySystem(AQS)whichisthe Nationaldatabase
for all air pollution and meteorological data.

1 Servingasthe program'sQAliaisonwith EPARegionalQAManagersor QAOfficersandthe
Regional Project Officer.

TheQACoordinatorhasthe authority to carryout theseresponsibilitiesandto bringto the attention of the
APMP Manager any issues associated with these responsibilities. The QA Coordinator either performs or
delegates the responsibility of QA development and implementation.

4.4  ProjectManagers

ProjectManagersareresponsibldor projectcoordination;oversightof contractoractivities; maintaining the
official, approved QAPP; and QAPP distribution. Responsibilities include:

EnsuringheR | & 1 (ioperaionaihdupkeepof allmonitorsare maintained.

Overseeinglataprocessingteporting,andassuringlatacollectionare performedin atimely

fashion.

1 Understanding=PAmonitoring,QAregulationsandguidanceandensuringContractors,
Monitoring Specialists and Site Operators understand and follow those standards.

1 Understanding 5 9 v 1 RApSBlicyandensuringsubordinatesinderstandandfollow the

policy.

Understandingandensuringadherencdo the QAPRasit relatesto programsupportactivities.

1 Participatingn the developmentof dataquality requirementswith the appropriateQAstaff.

T
T

=
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1 WritingandmodifyingQAPPandSOPs.
1 Verifyingthat allrequiredQAactivitieswere performedandquality standardsvere met as
required in the QAPP.

4.5  Monitoring Specialists

The field personnekither2 5 9 v 1t bricdntractorare responsible focarrying out required tasks and
ensuringthe dataquality resultsof the tasksby adheringto the guidelinesandprotocolsspecifiedby the
QAPP and SOPs for the field activities. Responsibilities include:

1 Participatingn the implementationof standardsaslaid out in the QAPP.
1 KeepingdzLJmt (i 2imtrRihing &hd certificationactivities.
1 Verifyingthat all requiredQAactivitiesare performedandquality standardsaremet (as
required by the QAPP).
Followingmanufacturerspecificationdor any equipmentused.
Documentingdeviationsfrom establishedproceduresand methods.
1 Thoroughlydocumentandkeepall routine maintenanceactivitiesperformedat the stations
and all problems and report corrective actions to the Site Operator and Project Manager.
1 Preparinganddeliveringreportsto the ProjectManager.
1 Reviewinglataandassessingndreportingon dataquality.

= =4

4.6  SiteOperators

TheSiteOperatorsvisitthe monitoringstationonceamonth. TheSiteh LJS NJ réledskal@aroutine
maintenanceon themonitoring station and instrumentation. For thpairposeof this meteorological QAPP,
GKS 259vm!v5 az2yAi2NAy3 {LISOALIl t A & (ResponshbilitieiSchde2 N (1 KS

f Changé\ y mfiteksyrhe continuousinstruments(monthly).

1 Performunexpectedaskssuchasrunninga manualcalibration(if necessanafter arepair).
1 Replaceelectronicor pneumaticcomponentsat the directionof a Contractoror Project
Manager.

Reportingall problemsandcorrectiveactionsto the Contractoror ProjectManager.
Thoroughlydocumentsall activitiesperformedat a stationandreportsactivitiesandresults
to the Contractor and Project Manager.

1 Assessingndreportingondataquality.

il
il

4.7  DataManager

TheDataManagemreportsto the APMPManagerandisin chargeof the WyVisNetvebsiteandthe AirVision
data management system, which runs WyVisNet. Responsibilities include:

1 TheDataManagerisin chargeof uploadingdatato the 9 t ! A @ualitySystem(AQS)which
isthe National database for all air pollution and meteorological data

1 Ensureslataaremovedto/from the IMPACBystemandshareddrivesperour WDEQ
Records Management Plan.

1 Performgdataquerieswithin the centraldatabasdn Cheyennéneadquarters.

Workswith the vendorsthat supplyand maintainthe WyVisNetoftwaresystem.

Performsdataanalysessdescribedn Sections 22nd23 of this QAPP.

= =4
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Please note that an annual review of the QAPP will be performed and, if no changes are needed, the
2 5 9 v mt Willdacumentthat no changesvere necessaryif changesrerequired,revisedpageswith the
revisions will be inserted/changed, revisions will be tracked, and a new revision number will be assigned to
the document.

Figurel onthis pageillustratesthe organizatiorstructurefor the2 5 9 v 1 IFerdlisof project
participants, please see Appendix B.

Administrator

Air Pollution Monitoring Program Manager QA Coordinator

CEMS/SLAMS
Coordinator

Air Pollution Monitoring Program Supervisor

Project Project Manager /
Manager/Exceptional Project Manager Data Manager Project Manager Mobile Gaseous
Events Analyst Manager

Monitoring Specialists

Site Operators

Contract Laboratory
Contractors

Figurel. WDEGAQD Organization Chart
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5.0 ProblemDefinition/Background

This QAPP pertains strictly to the collection and analysis of meteorological measurements within the
259vmn!lv5 bSGE2N] YR RSGFIAfa GKS YSGK2R2t23ASa G2 ¢
measurementst all stationswithinthe2 5 9 v 11 hetwsrk,regardles®f the type of monitoringthat is

performed.

The objective of the meteorology monitoring network is to provide the necessary information for
developingarepresentativesetof meteorologicaparameterdatathat supportsthe air qualitydatasets and

be capable of delineating differences among geographical and climatological regions. The meteorological

dataare usedto characterizeandsupporttrendsin air qualityandairqualityd G | Yy R NRa Q O2 Y LI A | y (
may be used for national health assessments and model evaluations. The procedures authieQAPP
havebeendevelopedo meetthe goalsandobjectivesof the monitoringprojects. Revisions to the QAPP are

made, as necessary, to reflect changes to the regulations or goals of the mongiajagt. Asaminimum,

the QAPHRsreviewedannuallyandrevisionsare madeasnecessatry.

[ dZNNBy Gt ez 259vm! v5 YSI adzN&éenteésd) SenhBng staidn® Hdurly LI NI Y S
meteorologyreadingsrom amonitor are collectedto supportthe ambientair monitoringnetworks, both in
support of the NAAQS pollutants and other monitoring data.

Belowis Figure2, whichillustratesthe current20252 5 9 v 11 ManBoring Stations Ascanbe seen from
this map, the air monitoring network covers the entire State.



WDEQ AQD QAPP for Meteorological Parameters
Revision 4, November 2025
Section 5

Pagel50f 113

Sheridan Mob Ie— G —L S, T_\_l Historical Meteorological

ﬂnder Basin
A

ENVIRONMENTAL
Johnson County : QUALITY

A |
(2 N
’ Wright Mobile I
— I - I' I
\ Legend
Converse County | ite Type
A [ stams

A seM
@ sPM-Mobile

|
|
|
|
|
|
| |© sPM-Mobile BAM
| ol @ Former SPM-Mobile
E Lhake ]
‘ | pther
: Counties
N Primary Roads
|
|
|
|
|
|
|

Juel Spring

.

[____Secondary Roads

Moxa Archw!

Sheridan Police Station SLAMS ~ we@i
Sher'dan Sheridan MOSI;?IZ‘ 50l 0 100 200 Miles
] | | |

Figure2. WDEGAQD Meteorological Site Locations, 802

5.1  SupportingDocumentation

Theinformationcollectedfor thismonitoringprogramwill meetthe requirementsasfoundin the following
documents:

1 QualityAssurancédandbookor Air PollutionMeasurementSystemsyolumell: AmbientAir

vdzl ft AGe a2y Ad02NAYy3 t NEPANI ¥Z 9t! mnpnk. iMTmmAaams W

1 Technicalssistanc®ocumentForPrecursoGasvieasurementsnthe NCorea dzf (i A Tt

t2ftdziit yd a2yAiG2NRAYy3I bSiGo2Nl = +SNEA2Y n3 9t! mnp

1 QualityAssurancédandbookor Air PollutionMeasuremeniSystemsyolumelV:

aSGiS2NRt23A0Ft aSlFad2NBYSyidas 9t! mnpnk. MAYTANHZ

1 Technical Assistance Document for Sampling and Analysis of Ozone Precursors for the
Photochemicalhssessmenkonitoring StationsProgram9 t ! mn p n kK AprilR0Og8tn nn <

Theguidancedocumentspresentedn the listaboveareto be followedfor this monitoringprogramand are
intendedto ensure that data and technical information that are measuaesl of documented and
appropriate quality and usability.
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6.0 ProjectTaskDescription

6.1 Meteorology Measurements

Meteorologicaimeasurementgncompassvarietyof different typesof measurementskorthis QAPP and
supporting documents meteorological measurements are:

Windspeed,scalaror average
Winddirection,scalaror average
Verticalwind speed
Ambienttemperature
DeltaTemperature

Relativehumidity
BarometricPressure

UpperAir BoundaryLayer(Ceilometry)
SolarRadiationand

Precipitation

E R

Inaddition,there are severaketsof datathat are calculatedrom the wind speedanddirectiondata,
collected and stored. These are:

1 Sigmarheta
1 Windspeedvector
1 Winddirectionvector

TheSigmaThetaandvectordataare calculatedby the DataAcquisitionSystem(DASpn2 y Sma SO2 y R
AYGSNIEFtas GKSYy | @SNI ISR (2 wmmYAydziS yR K2diNI& | ¢
parametersarecalculatedpleaseseethe 9 t !Harilbookon MeteorologicaMeasurement$.

6.2  Sampling-requency

Datafrom the meteorologyinstrumentsare sampledeverysecondby the DASTheDAShen storesthe data
AY MmYAYydziS FyR K2dzZNI & AYyONBYSydGa oFd | YAYAYdzZYO d ¢
ADQ or Contractor staff on a defined interval to the central location in Cheyenne.

6.3  ProjectSchedule

Personnel working on this project are fully qualified, trained, and capable to perform their assigned duties.
Workschedulesnclude:dailydatareview,a S Y A 1 Imgtgbaabgdicakquipmentcalibrations, quarterly

data reports withinsixty €0) days of quarter completion, annual reports withimety @0) days of year
completion, and maintenance and corrective action.
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6.4  ProjectReports

Table2 presentsthe reportsthat will be producedaspart of this project.

Table2. Project Reports
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7.0 Quality Objectivesand Criteriafor Measurementof Data

Thissectiondiscussethe DataQualityObjectivegDQOs)the MeasuremenQualityObjectivedMQOs) and
Data Quality Indicators (DQIs) that are mandatory for all monitoring programs.

Generallythe DQOSdor anyprogramare createdby the stakeholdersTheDQOprocesssaa S@Sy ma (i S LJ
decisiortree that allowsthe stakeholderofthe? 5 9 v 1 todedine parameterdor the program.The DQO
processhasbeenin existence fomanyyears first by the EPAandthen utilizedby the State,Local and Tribal
governments that are required to collect data on behalf of the EPA. Since meteorological measurements
only support NAAQS monitoring, there is no need to discuss NAAQS or \aaqsent.

l'a YSYGA2ySR 0ST2NBzZ GKS 5vh Aa | aS@SymaidSL] LINROS:
aspectof the program.Itisencouragedandusefulthat the DQOprocesshe performedfrom time to time to
ensure that the objectives are clear and concise.

7.1  TheDQOProcess

hy 1 dzadzAG MHI wnunX GKS 259vmnu!v5 FYyR AGa /2yGNF OG220
definethe objectives.Table3 belowoutlinesthe discussiorandthe outputsof the DQOprocessn eachstep.

In order for the DQOs to be fulfilled, MQOs are designed to evaluate and control various phases (sampling,
preparation, and analysis) of the measurement process to ensure that total measurement uncestainty
within the rangeprescribedby the DQOsMQOscanbe definedin termsof the following DQIs:
representativeness, detectability, completeness, and comparability.

Table3. DQO Sevefstep Decision Tree Process
5vh {GSLJ hdzii LJdzi (2 5Aa0dzadaArzy o

111

¢CKS {GF1GS 2F 2@82YAy3AI 06SAyY
{dFri8Sasz YdaAald FRKSNB (2 (KS
2F CSRSN}f wS3dzZ Fsea2ya nn LI
222YAYy3 YSFadaNBa F2N 0KS b!
{GF B2 22 2] y 3 LIN2 Ydzt 3 GSR A&
{dSLW mo {dF{ vdzZhtAGeE {GFYyRENRE 62! ! v{0Z
btlv{® ¢KS {GFrdS 2F 282YAySd
YR (Kdza YSI &adza2NB Ay @I NR 2 dz

Ly & dzLJLJ2 NJBT DNJI! YV IYALINROR 52 NP f

LI NJ YISMNWSRNE (i2NBIR/ RSNAR Gl YR (KS

O2YLJR2dzyRa Ay ljdzSaas?2

Not only does the State of Wyoming have to measure for the
NAAQS pollutantfut they mustalsoadhereto the levelof the

{ GSLI Hd L RS| standard(attainment vs. nonattainment as promulgated in 40 C
2F (GKS { { Part50)Inorderto understand theenvironmentasawhole,

meteorologicatlatamustbe collectedin support ofthe NAAQS

pollutantdatathat aregenerallycollectedat the samelocation.
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5vh {GSLI hdziLddzi (2 5A&aOdzaairzy o8
¢KS 259vm!v5 gAftt O2ff SO
~ | monitoring locationghat are deemednecessaryAt the end of the
year,the2 5 9 v 1t! vréview, dnalyizeandcertifythat the data
collectedwithinthe2 59 vm! v5 ySig2N] |
parameters laid out in this QAPP
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7.2  DataQuality Indicators
The data quality indicators (DQIs) are a set of indicators which can be easily measured. The DQIs are either
inherentinthe instruments,i.e.,detectionlimits, or indicatehow the meteorologicaparameters are
analyzed.

HereisadiscussiomfeachDQI:

 Accuracymr A& | YSIF&dz2NBE 2F (GKS 2@0SNrff FF3INBSYSyid 27

includesacombinationof randomerror (precisionjandsystematicerror (bias)componentsof
sampling. This is performed using the independaeteorological performance audits.

1 ResolutionriThelowestvaluethat the sensorcanreport. Thisshouldnot be confusedwith
minimum detectable limits (MDLSs), which are defined below.

1 DetectionLimit riThelowestvaluethat a sensorcandetermineto be differentfrom zerobya
single measurement at a stated level of probability.

1 Completenesstdescribesthe amount of valid data obtained from a measurementsystem
comparedto the amount that wasexpectedto be obtained undernormal conditions.For
meteorological measurements, generally this is data completeness of 90%.

1 Comparabilityrgenerallyfallsunderthe auspiceof equipmentspecification@ndmonitoring
methods. For meteorology, there are no Federal reference or equivalent instruments.
Therefore, instruments have been chosen that will meet the guidelines of EPA QA Handbook
Volume IV and the EPA Modeling GuidaficBlease refer to these two reference
documents for further discussion.

1 RepresentativenessT hisDQIldealswith whetheror not the locationof the meteorology
sensor represents the type of monitoring that is necessary, i.e., are the station meteorology
sited appropriately for the stations intended objective. Normally, sensors are mounted on
10 meter towers and placed according to their intended height.
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Thegoalsfor acceptableDQIsfor detailedin Table4 onthis page

Table4. Meteorological Sensors DQIs
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7.3

Representativenessf the Meteorology Measurements

Site selection and probe placement followed guidelines in the following US EPA documents to assure that
measurementarerepresentativeof meteorologicabndair qualitymonitoringconditionsnearthe
monitoring stations:

1 QualityAssurancélandboolor Air PollutionMeasurementSystemsyolumelV

aSiS2NRt23A0I ¢

npnégm nnps CSoNHzZ NEB

6dzA f RAY 34

YR KSAIK

27

aSladiNBYSyi4az !
T 9t !'MetéorologicaMonitoring Guidancdor RegulatoryModelingApplications9 t | 1t

Hnann

9t ! mnpnk

The placement of meteorological sensors must consider local interferences, distance to structures, trees

ambient air quality and meteorological siting cht& | X

discussion

LINEGS 1020S INRdzyR® ¢KS ySi
GKAOK Aa RSGFAESR Ay 9t! Q

Volumel\#, Sectionl.0, TowerGuidanceandSiting.Pleaseeferto thisreferencedocument for further

. MANYTTANNHZ
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8.0 Speciallraining/Certifications

Personnehssignedo the APMPwill meetthe educationalwork experienceresponsibility andtraining
requirements for their positions. Records on personnel qualifications and training will be maintained in
personnel files and will be accessible for review during audit activities.

Adequateeducationandtrainingareintegralto anymonitoringprogramthat strivesfor reliableand

O2YLI NrotS RFEdGF® LG A& NBO2YYSYRSR GKIG 259vm!v5 Yl
qualifications (combination of education and experience). Training is aimed at increasing the effectiveness

of employees and their organization.

Aspart of aqualityassurancg@rogramthe proceduresshouldincludeinformationon:

1 Personnehualifications(generalandL}2 & A G A 2 y maA LISOA FA Q0
9 Trainingrequirements(basedon position)
1 Frequencyftraining

Appropriate training should be available to employees supporting the APMBamnehensurate with their
RdziAS&d {dzOK GNIXAYyAy3d YIé& O2yarada 2F OflFaaNepz2y f
BSYRZ2NILINREJFARSR YR 2yniKSma20 (NI AY Anfaiedalsgubld A y A Y
asthe CFREPAguidancedocumentsandthe monitoring2 NH | y A QAPBsiagdySQRs, to name a few.

SO
3

EPAencouragesnonitoringorganizationgo maintaindocumentationthat detailsthe trainingprovided to all
monitoring staff, along with documentation that illustrates the successful completion of the training
requirements. Along with suggested training, the EPA encourages regional planning organizations and
monitoring organizations to developaining programs that require some level of certification. Over the
years, a number of courses have been developed for personnel involved with ambient air mordtating
guality assurance aspects.

FormalQA/QCirainingis offered throughthe following organizations:

AirKnowledgeTrainingProgramhttps://airknowledge.gov/

Air & WasteManagement Association (AWMAips://www.awma.org/

AmericanSocietyfor Quality(ASQhttps://asqg.org
EPAQualityStaff(QShttps://www.epa.gov/quality
EPARegionaDfficeshttps://www.epa.gov/aboutepa/regionabnd-geographieoffices
EPAAmMbientMonitoring TechnologynformationCenter(AMTIC) echnologyl ransfeNetwork
https://www.epa.gov/amtic

E R I

259vm!v5 AK2dAZ R O2yaARSNJ I RRAY 3 YI ydzFl O dzNBS NITLINE O A |
Personsavingexperiencen the subjectmatter describedn the coursesvould selectcoursesaccording to

their appropriate experience level. Courses not included in the core sequence would be selected according

to individual responsibilities, preferences, and available resources.


https://airknowledge.gov/
https://www.awma.org/
https://asq.org/
https://www.epa.gov/quality
https://www.epa.gov/aboutepa/regional-and-geographic-offices
https://www.epa.gov/amtic
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9.0 Documentsand Records

¢tKS 259vmn!v5 A&a O2YYAGGSR G2 FdZ te& R20dzYSyday3a |t
validation,andreporting. Table5 containsa list of the recordsmaintainedby the APMP Theserecords can

be electronic, bound in notebookand/or formsthat are used fospecific applications. Electronic records

will be storedon mainoffice storagedrivesandarchivedby the Contractorsandultimately,i KS 2 59 v ! v 5
office servers. All project files are backed up daily. In addition, weekly network backup dtawsekly
backupnetwork filesare storedonto externalharddriveswhicharestored2 T ¥ mMa A 6 S @ m b S

severalof thesebackupharddrivesandcopiesof the field logbookarearchivedA y G KS 259v ! v 5
Cheyenne office folive () years.

Table5. Documentation and Reports
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Allmonitoringdata,reportsandprogramdocumentatiorwill beretainedby? 5 9 v 1t fova®minimum of
FADBS o6p0v @SIFENA® ¢KS 259vm!v5 gAff NBGASG YR | LILINE
or changes to the Records Management Plan.
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SectionB. DataGenerationand Acquisition

10.0 Network Description

Thissectiondescribeghe projectdesignandimplementationof the meteorologicamonitoringnetwork. For
the list of current locations and a description of the Meteorological Monitoring Network, please see Section
1.0 of Appendix B, Instrument Locations.
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11.0 SamplingMethod

¢tKS YSGS2NRt23e ySG62N] YIAYyGlrAySR o6& GKS 259vm!vs
{GFrGSd ¢KS aSyaz2Nh dzAaSR (2 YSIFadaNB YSGNREt23AOFE LI I
Assurancédandbookfor MeasuremeniSystem$ Meteorologyis measuredoy sensorgplacedin ambientair

from several levelsf al0-metertower. In addition, somef the sensorssuch aghe solar radiation or

precipitation gauge, can be mounted on the hand rails around the roof of the shelter.

11.1 Meteorology Sensors

Foralistof the currentinstrumentsutilizedthroughoutthe monitoringnetwork, pleaseseeAppendixB,
Section 2.0, and Types of Instruments. This discussion gives a brief overview on how theseopersiars

1 Horizontal Wind Speed+orizontal wind speed sensors commonly utilize a cup or propeller
assembly turning on either a vertical or horizontal axis. The aerodynamic shape of the cups
converts the wind pressure into torque. This will turn a shaft that is supported by low
friction, precision bearings. The shaft rate of rotation is converted to wind speed by the use
of a transducer. Ideally, there is a relationship between the rate of rotation and wind speed,
above the starting threshold. Please note that because no bearings aferflésts, there is a
finite amount of wind, albeit very low, which is needed to start the anemometer to begin to
move. This amount of wind is known as the starting threshold. A performance audit on this
sensor providephysicalerificationthat: 1)the a Sy asstmidgtaresholdhasnot changed
oris6 St 29 GKS YIydzZFl OGdzZNENRa adkdSR adl NIAy3a G§KNB
converting cup rate of rotation (rpm) to wind speed.

T Vertical Wind SpeedThe vertical wind speed (VWS) sensor employs a helicoid four blade
propeller. Aminiaturetachometer/generatoiproducesananalogDCvoltageproportionalto
the axiawind componentWhenpropellerrotation reversessignalpolarity reversesThis
LINE RdzOS& | LX dza o6b0O 2NJ YAYydza om0 RANBOGAZ2Y 27F N

1 HorizontalWind Direction; Winddirectionsensorsndicatethe directionfrom whichthe
windis blowing. The wind direction is expressed as an azimuth angle on a 360° circle where
0° or 360° indicateblorth (usuallyTrue North)and 180°indicatesSouth.Winddirection
sensoraiseatail assemblypositionedon averticalshaftto detectwind direction.Wind
appliesaforceto the tail assembly of the sensor forcing the assembly to turn into the wind
seeking a position of minimum force. The shaft of the sensor rests on low friction precision
grade bearings and is connected to a low torque potentiometer. The potentiometer yields a
voltage output proportional to the wind direction. The starting threshold of the sensor is
controlled by the relationship of shape, size, and distance from the axis of rotation of the
tall assembly to the vertical shaft, bearings, and potentiometer torqugiirements.

1 Ambient Temperature Forair quality applicationsambient temperature isneasured with
a temperatureprobe.Theprobecanbe athermistor,resistancaemperaturedetector(RTD),
or thermocouple Theprobeto be auditedshouldbe locatedin aradiationshieldthat
protectsit from the effects of solar heating and wind variations.

1 DeltaTemperature:AlsoknownasdeltaTo n €oakquality applicationsdeltatemperature
is measured with two temperature probes at different heights. The utility of this is to
ascertain whetheair is risingpr falling. This informatiormangointo dispersiormodels used
to trackthe movement of vertical movement of air.

1 Relativehumidity (RH):RHisthe ratio of the existingamountof watervaporin the airata
given temperaturdo the maximumamountthat couldexistat that temperature.Thisvalue
isusually expresseith percent relative humiditf%RH). Percemelative humidityis a
variable parameter which is affected by atmospheric conditions during its measurement.
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Capacitive sensors measure RH utilizing a strip of metal between an electrical current. The
metal strip electrical capacity (i.e., voltage) changes linearly with the RH.

1 Barometric pressuréBP) BP measurements can be used in modeling @ardbe used to
correct an ambient measurement to standard conditions (RO&nd 760 millimeters of
mercury).BPsensorsisepressurearansducersvhichtransformthe sensoresponsento a
LINS&adz2NBNBfFiSR St SOGNAOFE aArdaylf o

1 SolarRadiation:Solaradiationisrelatedto atmosphericstabilityandis commonlydescribed
in units of energy flux: Wattger square mete(W/m?). A pyranometer is used to measure
sun and sky radiation on a horizontal surface. Most pyranometers incorporate a thermopile
sensor; however, a silicon photovoltaic cell can also be used. The net radiometer measures
the difference between downward (solaahd upward (terrestrial) radiation.

f Precipitation Precipitationis definedas:d (i #t&l amountof precipitationwhichreaches
the ground in a stated period is expressed as the depth to which it would cover a horizontal
projectionofthe S I NEBuKa@eif there were no lossby evaporationor NHzy” an@lifFafy
LI NI 2F GKS LINBOALRGIGAZ2Y FrHEEfAY3a a ayz2é 2N AC
the principle of a tipping bucket gauge. A funnel directs precipitation to a small inlet that
directs watemvertwo equalcompartmentspor buckets that tilt in sequencewith each
representinga known quantity of rainfall. The motion of the buckets causes an electrical
switch to close and the number of tips are counted.

1 Ceilometer A ceilometer employs pulsed diode laser Light Detection and Ranging (LIDAR)
G§SOKy2t23e3x gKSNB aK2NIX LRgSNFdAA € aSNJ Lz aSa
direction. The reflection of light, backscatter, caused by haze, fog, mist, precipjtatid/or
clouds, is measured as the laser pulses traverse the sky. The resulting backscatter intensity
profile andthe mixingheight ismeasuredusingthe characteristicef the backscattered
profile. Thetime delaybetweenthe launchof the laserpulseandthe detectionof the
backscattesignal provides the measure of the layer heights. The operating principle of a
ceilometer is based on thmeasuremenbf the time neededfor ashort pulseof light to
traversethe atmospherefrom the transmitter emitted from the ceilometer to the top of the
backscattering layer and back to the receiver of the ceilometer.

11.2 SupportMonitoring Equipment

¢tKAa aSOlA2y &adzYYINAT S& GKS YSGS2NRf 238 adzLIIR2 NI Sl
network. TheSOFRor meteorologicabensorgletailsthe calibrationandoperationof the equipment.

11.3 DataAcquisitionSystem(DAS)

Instantaneous data from the meteorological instruments are transferred once per second to the DAS

dzadz- €t £t & o& | aSNARIFf OFrotSed ¢KS 51 { Aa I aStFmoO2ydl
communicatewith 2 y 11 Golnpursor remote systemsDatais generallystoredin atable format.Please

note that the DASstoresm Tt Y A ghdhid8ly data(ataminimum).The2 y' S 1t & §at s yidR stored.

11.4 Telecommunications

Telecommunicatioservicesareusedfor K A 3 K rrrénhd® &Rmunicatiorto all onsiteequipment

including the DAS. Additionally, each instrument onsite is configured with a unique IP address for remote
maintenanceandcontrol purposesThegatewayhasall of the firewall protectionandrouting protocols
necessary for protection, isolation, and security.
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11.5 Meteorological Tower

¢KS 259vm!v5 dzliAf ATl Sa FTNBSnmaidlyRAYy3I (26SNBR GKFG | NI
sensorsatthe top of the tower. In mostcasesto accommodatevind speed/winddirectionsensorsthe

towers must be able to reach a heightteh (10) meters. Some instruments, such as RH, ambient

temperatureandn @remountedat two (2) metersabovethe ground.Figure3 illustratesthe configuration

of the monitoring equipment and the placement of this equipment at a typical monitoring site.

Figure3. A Typical Meteorological 10 meter Tower

11.6 StandardOperatingProcedures

A SOP for meteorological sensors has been developed to provide instructions to the Site Operators
regarding routine operation of the meteorology equipment. The SOP for meteorological sensors discusses
equipmentinspectionandacceptanceesting,visualinspectionspreventivemaintenanceand calibration
procedures. The SOP for meteorological sensors is an independent document that is a companion to this
QAPP.

Theidentification,causeandcorrectiveactionfor conditionsadverseo qualitywill be documentedon the
Corrective Action Report form (séiee{ ht 0 @ C2f f 2 g mdzLd | Odoitracyor agdiPiofect 6 S G I 1 ¢
Manager to verify the corrective action was taken.
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12.0 SampleHandlingand Custody

Allmeteorologicatataisgeneratedbythe individualsensordasedonthe environmentalconditions around
the monitoring station. The sensors send a digital or analog signal to the DAS that records, averages and
stores the data in the DAS. There are no sample handling requirements for the meteorological data.
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13.0 AnalyticalMethod

Allmodernmeteorologicakensorsneasurethe atmosphereby usingits physicatharacteristicse.g.for

wind direction, the movement of the wind pushes the tail of the wind vane, therefore, when the wind
forces are equal on both sides of the vane, the front of the vane points in the direction of the wind. An
electronic potentiometer measures this direati and sends a signal to the DAS, which is recorded.

Sectionl1.1 ofthis QAPP describes how these instrumeogpgrate. Formore detailedinformation, please
refer to the operatingmanualof eachof the instruments thatre listedin AppendixB, Listof Instruments.
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This section describes the routine quality control procedures used for the meteorology monitoring
program.All procedureshavebeenspecificallydesignedo providethe appropriatequality controland

SyadzaNE GKI
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percent per quarter for meteorology monitoring.

NEO2JdSNE YSSia

A N v oA A o~

2ZNJ SEOSSRa

Themeteorologicameasurementsgollow the quality controlguidelinesasstatedin the followingdocuments:

1 QualityAssurancédandbookor Air PollutionMeasuremeniSystemsyolumelV:

aSiS2NRf23A0!I ¢

aSladaNBYSyidi4az 9t! nmnpnk.

1 9t !MetaorologicaMonitoring Guidancdor RegulatoryModelingApplications9 t ! mnp n K wTt

bdmannpI C806 NHz NB

14.1

Hnann

Instrument/Equipment Calibrationand Frequency

Table6 illustratesthe QCproceduresandtheir frequencyfor meteorologyinstruments.

Table6. Meteorology Sensor QC Procedures

t N2 OS RdzNB CNBIljdzSy Oe wSljdzA NBYSyYy
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Normally, the Site Operator visitise shelter at leasbnce pemonthto check that the analyzers and
meteorologicalnstrumentsare operationalandrecordingconcentrationgypicalfor the environment. At this
time, the Site Operator will step outside and look at the meteorological sensors to make sure they are
operational. Here are a few items the site operator will look for:

= =4 -4 —a 8 2

Isthe propelleror cupsmoving?
Doeshe wind directionappearto be correctrelativeto the crossarmdirection?
Isit raining,or wasthere precipitationlastnight?Checkhe DAS.
Doesthe temperatureappearto be normalwith how it feelsoutside,either coldor hot?
Dothe ventsin the temperature/RHhousingappearclear?
Isthe windowonthe ceilometerclean?

If anyof theseitemsdo not appearto be correct,it maybe necessaryo performandzLJr Giisgedtién

and/or calibration.

GF
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14.2 Remotelnterrogation of Monitoring Station andinspection ofData

TheDASat the monitoringstationswill be interrogateddailyviaaninternet connectionto download and
process the data. Abnormal datalues or problems will be reported as soon as possible to the Contractor,
who will initiate corrective action and determine if a special site visit is required.

Computerizednspection andrisual inspectiof thesedata will be performediaily using an outlier
program.Valueghat fall outsideof prescribedimits will be evaluatedy the Contractorand Project
Manager and corrections to data will be documented.

14.3 Instrument/EquipmentCalibrationand Frequency

Thefollowing paragraphsare brief descriptionsof the calibrationof the meteorologicainstruments.
Detailed procedures are found in the SOP for meteorological sensors.

Wind Direction: The crosgrm orientationwill be checkedusinga professionacompassThe windvane will

be alignedwith the crossarm andsetto true north. Truenorth isdistinguishedrom magneticnorth by

reading a magnetic compass and applying a correction factor for the magnetic declination. The declination

will be determined from a declination calculation computer program. If the overall wind direction error

(orientation plus linearity) exceedsp RS3INBSE& FNRY GNHzS b2NIKX (GKS aSya
direction sensor starting threshold will be checked using a torque gauge. The waigqgeisplacedonthe
sensorshaftandthe torque ismeasured|f the sensorstartingthresholdis greater than 0.5 meters per

aS0O02yR o0Ykaovz GKS o0SFNRy3a gAaftf 0SS NBLXIFOSR FyR (K¢
linearity will be checked using a direction templafde sensor response wik checkedat aminimumat

o n 1 R Snard&tEe&sin both clockwiseandcounterclockwise@otations and compared with the DAS

readings. If the indicated wind direction linearity plus orientation error exceeds +5 degrees, the sensor will

be repaired and recaliated.

Wind SpeedWind speed response checks will be performed usisgnghronous motarSensor readings

taken from the DAS will be compared to calibration values obtained from transfer functions provided in the
aSyaz2N) YIydzFl OGdzZNBNRE ALISOATFAOFGAZ2Yyad LT GKS G6AYyR
> 5 m/s not to exceed 2 m/s, then the instrument will be recalibrated.

The horizontal wind speed sensor starting threshold will be checked using a torque gauge or a torque disk.

The torque device is placed on the sensor shaft and the torque is measlioatieet the starting threshold

wind speed requirement of 0.50 m/s thd'sNJi A y 3 { 2 NJj dzBm. Yf thzd rieasir8d touen ®n 3
SEOSSR& (GKS YIydzZFlI OGdzZNBENRE G2t SNIyOS &ALISOAFAOIGA2Y¢
0.4 gcm), then the bearings will be replaced and the instrument will be recalibrated

Vertical Wind SpeedThe VWS speed response checks will be performed using a synchronous motor similar

to the horizontal wind speed instruments. The VWS Sensor readings taken from the DAS will be compared

to calibration values obtained from transfer functions provided indh€ y & 2 NJ Y I y dzF I Ol dzZNB NR &
Note that the readings must be taken in both directions; upward and downward (clocandge 2 dzy G S NJt
clockwise)With the propellerremoved recordthe zeropoint. Next,aselectable speed anemometdrive is

connected to the sensor shaft to simulate wind speeds through the operational range of the system. The

DAS responses are then compared to the calculated actual valugbedidferencescomparedo the
calibrationcriteria. TheVWSvaluesshouldnot exceedb K0120m/s.

Temperature.Temperaturesensorcalibrationwill be verifiedby direct comparisorof sensoroutputsto a
collocated calibrated reference standard thermometer encompassing the measurement range exgected
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that particularsite. If the sensoroutput ismore than 0.5 degreesCentigradg°C)different from the
NEFSNBYy OS> (KS aSyaz2N) gAaftf 06S NBLIANBR YR NBmOl
AAYdzZ GFyS2dzate Ay GKS alyYS YSRAdzy a2 (Klihe 6KS RS
vertical temperature differenceliffersby morethan0.1°C fom n mH e SeSsud il be
repaired/replaced and recalibrated.

Relative Humidity:The relative humidity sensor calibration will be verified by comparison of station sensor
outputs witha relative humidity reference sensor collocatdambient conditions. If the site sensoutput
differsby morethan+7 percentrelativehumidity from the reference the sensowill be repaired/replaced

and recalibrated.

Solar RadiationThe solar radiation pyranometer outputs will be verified by the collocation of a calibrated
pyranometer adjacent to the system sensor. Readings from the reference pyranometer will be compared

t
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RANBOGfe (2 GKS aAiGSQa LI NIfyhe aeSsirsudutiBerbirmoseian NB O 2 NR ¢

+10W/m? below200W/m? or 5%above200W/m? from the reference the sensor will be recalibrated.

Barometric PressureThe barometric pressure sensor calibration will be verified by collocation of a certified
referencebarometerandcomparinghe referenceoutput with sensomutputsrecordedonthe data

acquisition system. If the site sensor output differs from the reference by more than +3 mb, the sensor will
be recalibrated.

Precipitation:Precipitationsensomutput will be verifiedusinga standardgraduatedburette or dripper

bottle to add water to thegauge simulating rainfall. If using a graduated burette, the volume of water
requiredto produce tertips will be recordedfor eachof three runs.Thisvolumewill be dividedbythe area

of the gauge opening to determine the calculated amount of simulated rairiffals amount will be
comparedwith amounts reportedoy thestationDAS. If using dripper bottle, thevolumeof water will be
usedto calculate the expectedASvalue based on theite gauge. If the sensor differs by more thath0%
from the referenceinput, the sensowill be recalibrated Duringcalibrationverification,the Site Operator

will confirm that both sides of the tip bucket have similar sensitivity and provide similar balance results.

Ceilometer Thealtitude reportingof the ceilometerswill be verifiedby aimingthe ceilometerat ahard

GFrNBSGO | {y26y RAAGIYOS lgl&d ¢KAA aKIFINR (F NBSGE
ceilometer at an object that reflects the light source a known distance. The nominal distance is
recommended to be 300 meters from the ceilometer. A hiargjet could be a wall at ground level, a

vehicle, or other large profile object of known distance (the ceilometer would be angled down, the beam
aimed roughly parallel to the ground).

ol
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14.4 CalibrationReferenceStandardCertification

Allequipmentusedto calibratethe meteorologicalnstrumentsmustbe Nationallnstitute of Standardsand
Technology (NIST) traceable. Each of these equipment must be sent back to the manufacturer or tested
against a primary standard in order to be used to calibrate the field instruments. Please see the SOP for
meteorological sensors for more details oretbalibration reference standards.

Table7. Meteorological Calibration Equipment
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Table8. Calibration and Accuracy Criteria for Meteorological Sef$ors
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15.0 EquipmentMaintenance

Themanufacturer'secommendationgor maintenancewill befollowed.Sensoinstructionmanualsare
available at the site for theeference of preventive and remedial maintenance procedures. Preventive and
correctivemaintenancewill be documentedon the calibrationforms completedimmediatelyafter any
maintenanceTable9 in Sction 16.0 detadl equipment maintenance.
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16.0 Instrument EquipmentTesting,and Inspection

16.1 AcceptanceTestingof Instrumentation andEquipmentintegration

Priorto installation,allequipmentwill be visuallyinspectedio ensurethere isno physicadamage.
Acceptance testing of sensors will be performed to verify that the sensors meet the suggested regulatory
performance criteria set by the manufacturer.

Toensurethat the sensorsandanalyzerareoperatingproperly,periodicperformanceauditsare conducted
08 (KS 259vmn!v5 aSYAnmlyydzZtfte F2N) YSUGS2NRf23A0Ft LI

Duringeachsite visit, entrieswill be madein the site or electroniclogbooko 9 mdouehéntingall site

activities conducted. These entries will include the date of the visit, the reason for the visit, and the
maintenance or calibration activities, if performed. If changes are made to the equipment or configuration
of the systemthesechangewill alsobe enteredin the sitelogbook.If the SiteOperator encounters a

problem that cannot be rectified, he/she will contact the Contractor, who will be responsible for resolving
the issue. The Contractor will initiate a plan for corrective action and will@mphatever resources are
required to rectify the situation.

Entries will be made when: (1) any meteorological instrument data output appears to not match the
atmosphericonditions(2)thereisavisibleproblemwith the meteorologicakensor Forinstance jf one of

the propeller blades or anemometer cups are missing, this will be logged into the logbook and corrective
action will ensue.

16.2 Siteand EquipmentMaintenance

Themanufacturer'secommendations fomaintenanceof the meteorological sensonsill be followed.
Instrument instruction manuals are available for reference of preventative and remedial maintenance
proceduresPreventiveandcorrectivemaintenancewill be documentedon calibrationformscompleted
immediately after any maintenance. S€able9 for activity and frequency.
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Table9. Equipment Maintenance Activities
MaintenanceActivity \ Frequency
Wind Speedand Direction
Checlbearingfor drag Everycalibrationor audit

Checlkcups,propelleror vanefor integrity Everyvisit
Temperatureand Delta Temperature,RelativeHumidity
Verifyinletsor Gillscreenisclear Monthly
Inspectwiresfor integrity Monthly

SolarRadiation
Inspectwiresfor integrity Monthly
Checkwvindowfor dustor debris Monthly
BarometricPressure
Inspectwiresfor integrity Monthly
Verifyinletsis clear Monthly
Ceilometer

Inspectwiresfor integrity Monthly
Chechkwindow of instrumentis clearof debris Annually
Checldoor gaskeffor integrity Annually
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17.0Inspection/Acceptanceof Suppliesand Consumables

17.1 SpareParts

Spare parts for theneteorologicainstrumentswill be storedin the monitoringshelter andwill be used as
needed.Thesesparepartsinclude,but are not limited to wind speedanddirectionbearingscupsandvanes.

17.2 Inspection/Acceptance of Supplieend Consumables

Sparepartswill be purchasednly from the instrumentationmanufacturerby the ProjectManagersor
ContractorsPartswill beinspectedby the ProjectManagersContractorsor SiteOperatorsfor shipping
damage uponeceipt. Spare partwill be keptin the monitoringshelter for usevhenneeded. The use of
spare parts will be documented on calibration forms.
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18.0b 2 y 1 5 Mdddbienients

Themeteorologicablatacollectedfromthe2 5 9 v 11 metémrologicamonitoringprogramareutilized to

support the gaseous instruments as described in Section 7.0 of this QAPP. There are no NAAQS and WAAQS
y2ynl GdFrAyYSyld RSOA&aA2ya GKIG Attt 0S YFRS F2N YS!
dispersion modeling, and/or utilized t@lidate or verify ambient air pollution data.



WDEQ AQD QAPP for Meteorological Parameters
Revision 4, November 2025
Section 19
Page40o0f 113

19.0 DataManagement

The proper management of all data is critical to assuring the quality and usability of the monitoring results.
As such, procedures have been implemented to ensure robust data acquisition, validation, reduction,
reporting,andstorageof electronicdata. Meteorologicaldatawill be recordedandstoredon thesite DAS.
Ceilometerdatais not storedonthe DASit is storedon anindependentcomputerthat has softwarehat
cancollect,storeand interpret themixing height laye(MLH) data. Datwill beretrieved from the

monitoring site daily via internet connection. The monitoring site can be called from any computer having
the correct software and the IP address.

Allelectroniccalculationsandstatisticalanalysewill be performedusingstandardsoftwarethat canbe
easily verified. All project documentation, records, data, and reports will be stored for at least five (5) years

F2tf26Ay3 LINRP2SO0G O2YLX SiA2yd ¢KS RFEGF FNB adt2NBR |
AQS and will be archived at a segta location.

Meteorologicaldatawill bereviewedroutinely by the ContractorandProjectManagersThesedatawill be

subjected to several levels of QC, validation and QA. Validated data are compiled into the final database for
further analysis and report preparation. The final database is processed and stored on a personal computer
and then archived on variousshge media and maintained in duplicate in more than one location for
protection. For more details, please see Sections 21 and 22.

19.1 DataRetrieval

Data is retrieved from the site by connecting to the DAS via remote telemetry. The MLH are also retrieved
viaremotetelemetryseparatelylnthe past,2 5 9 v 1 Hidnbt housethe raw data. Thedata were housed

YR @FtfARFGSR RFEGlI o0& GKS /2yGNYOU2NE® wSOSydaftesz ¢
Ffaz2 (y26y la 2&+AabSid ¢KA& A& | 259vm!v5 K2dzaSR |
/| 2y GNI OG2NA | YR D v{n! lvbad add ITHEADRR yC2R Ndiitl bee fdolisedin &S 2 59 v 1!
AirVisionsystemandthe2 5 9 v 1t ktaff@ill performvalidationonthe data. For our SPM/gaseous

stations, the Contractors will be the primary data repository.

19.2 RawData

Raw data are records, notes, memoranda, worksheetsxact copiesnd arethe resultof original
observationsandactivitiesof the monitoringproject. Raw datdanclude datarom the DASanddata entered
directly into a system.

19.3 DataTransfer
The sensors produce digital and analog voltages that are collected by a DAS and averaged for a particular

time period. Thedataare storedon a networkandarevalidatedquarterly. Thehourlyair quality data are
uploaded to WyVisNeatround fifteen(15) minutesatfter the hour
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19.4 DASDataReview

Datareviewis performed by theContractor. The reviewf the dataincludesreviewingthe calibration
information,maintenancdogs,hourlydata,flags,andrecordinganyinformationthat mightbe vital to
proper review of the data. Information used in the review may be used to invalidate data.

It is recommended that the Contractor follow a checklist when reviewing. This list should provide a
reminder for the reviewer to verify missing data periods, percent data recovery, or data table calculations,
to nameafew. Datareviewalsoincludesdocumentationof suspectlataor invalidations that occurred.

19.5 DataValidation

Datavalidation ensures that data processing operations hasencarriedout correctly and thathe field
operationshavebeenperformedproperlyandin accordancevith written proceduresOncedata validation

has identified problems, the data can be corrected, flagged or invalidated and corrective actions can be
GFr1Sy 6KSy ySOSaalNeEo Ly (KS S@Syid 2F | FLFAfSR | dzR)
Manager will be responsibler checking or invalidating data. Data validation procedures are described in

detail in Section 22.

19.6 DataTransmittal

Datatransmissioroccurswhendataaretransferredfrom onelocationto anotheror from one personor

group to another. An example of data transfer is the electronic transfer of data over a telephone or
O2YLJzi SN ySGg2N] @ 259vn! v5 NBIldANBa G(GKFG RFEGEFE 0S8 LI
stored in zip files with a specific name format thatarporates the reported year and quarter.

TheDataManagewill report allambientair quality dataandinformationasspecifiedoy the AQSUsers
Guide and coded in the AQS format. Such data will be fully validated and will be submitted directly to the
AQS via electronic transmission.

19.7 DataProcessing
Dataprocessingncludesthe aggregatinggndsummarizingf resultssothey canbe easilyunderstood and
interpreted in various ways. EPA regulations require certain summary data be computed and reported on a
regular basis such as precision, accuracy, bias, etc.

19.8 DataAnalyses
Datasummaryandanalysisequirements aspresentedin the QAHandbookvolumel\2 will be followed for

this program. Please see Section 10 of the QA Handbook for more details on how analyses for
meteorological data are performed.
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19.9 DataFlagging

Datawill be flaggedif anumericresultwasavailablebut it hasbeenqualifiedin somerespectrelatedto the
validity of the result.Null datacodeswill be generatedor invaliddataasthey areenteredinto the AQS
database.

An exceptional event, as defined in 40 CFR §50.i% Gne that affects air quality, is not reasonably

controllable or preventable, and is caused by human activity that is unlikely to recur at a particular location

or anaturalevent.Additionalrequirementsin 40 CFR850.14(1j (2) and (b) (1) identifythat a state must
RSY2yAdGNI+ 4GS | aOtSlIy IyR OFadzrf NBfI GA20BEcKAL] 0SG5S
standardandthe S @ S ghdtiat & I efceptionakventcausedaspecificair pollution concentratiorin

exces®f oneor more nationalambientair qualitya ( | Yy RThNSR & ® & 11 bnd Bie Contractors will

Ftl3 REGF NBfIFTGSR G2 +y SEOSLIiA2yLrt S@Syd i GKS NI
0S ald2NBR G GKS 259vn!lv5 2FFAOS Ay [ KSeSyySsz 2@82Y)

19.10 DataSubmittalto the Air Quality System

9F OK ljdzfr NISNE 259vm!v5 FTAESa 2F 20aSNWSR RIFGF GKIFG
preparedandsubmittedto2 5 9 v 11! IMBAQBystem.Thesdilesare preparedfrom validatedhourly

data and conform to the AQS coding guidelines found on the AQS wesissing data will carry the null

code that best describes the reason for each missing data point. The most common reasons for missing

data include calibration, maintenance, audit, and power outage.

Datamayalsobe markedwith a qualifiercodeto denotesuspectataif necessaryDatain the AQSiles may
0S NBLRNISR Ay &a&dFyRFENR 2NJ FfGSNYyFGAGBS dzyAida 6KAOK
coding, please see Appendix B, Ancillary Information, and Section 3.0.
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SectionC.Assessmenand Oversight

20.0 AssessmenandResponseéictions

¢KS 259vm!v5 v! [ 22NRAYFG2NI gAff LISNF2NY (GKS aSYAmnI
sensorsAuditproceduresandtechniguedollowedbythe2 5 9 v 11 AreeStablished by EPA and can be
F2dzy R Ay 9t! Qa v!~ | yR6221= +£2fdz¥YS L+

Performanceauditsare attendedby a Contractorrepresentativeandthe QACoordinator Audit summaries
FNB +F@FAflFofS 2y 259vm!v5Qa Lat! /¢ aeadasSvyo

EPAQAHandboolkestablishedhe auditlevelsfor the meteorologicalnstruments.PleaseseeTable8 in
Section 14 of this QAPP for details on the annual accuracy requirements.

20.1 DataQuality Audits

Datareviewisconducteddaily utilizingelectronicandvisualscanningo identify outliersanddetermine
whether data are reasonable and representative. The systems audit includes a confirofatierintegrity
of transmitted data from sensor outputs to data reporting.

20.2 CorrectiveActions

All deficiencies identifieduringroutine datasurveillance, performancaudits and/orsite surveillances will

be documentedandreportedto the ProjectManagerand Contractomo later thanone workingday of
discoveryand,dependingon the natureof the deficiency correctiveactionwill be madeno later than seven

(7) business days of the notification. Corrective actions to deficiencies will be addressed and documented

the stationlogbookandon a corrective actiorreport. C 2 f { ZAdiondzhlbe takento verify

implementation of the corrective action. A corrective action report form will be filled out and identify the
problem or deficiency, the proposed corrective action, and the results of the corrective action. An example

of a corrective action repoiis presented in Appendix A of the SOP formdi@f 2 3A Ol f aSyazNaA®
has the authority to issue stop work orders to contractorsgifessary.

20.3 QAPRRevisions

If revisiongo the QAPPare needed,anymaodificationswill be performedor approvedbythe2 59 v ! v5 @
vitt NBOASga oAff 0S LISNF2NNYSR lyydzZdtte o0& 259vm! v



WDEQ AQD QAPP for Meteorological Parameters
Revision 4, November 2025
Section 21
Paged4of 113

21.0Reportsto Management

Asummaryof the reportsto be generatedis presentedin Table10. TheQACoordinatoror their desigree will
generate reports to management.

Tablel0. Reports to Management

- ] A A wSalLRya _
w S LJ2 NI CNXE | dzSy I 2y USYy| Ly RAOA I 5Aa0NAO
{ dzY Yl NR T § - a A x
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/ 2 NNB Os g y ~adCl 1Sy G2 {SS {S8¢
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Ayidz 02Y
aial Gdza
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/I 2NNBOsag !''& bSSE 2F GKS / F2yaNI ¢ 5700 N b d
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vdzr NISNI & NBLRNIA gAff 0S shaydso) daysibiitis Bnd df2he mdQitdring 5 9 v 1t !
j dzZ NIISNXP ¢KS | yydzr £ NBLIZ2NI ¢ Aiinety @Slaya afzherehdiofitéeR (2 G
monitoringyear.Correctiveactionreportsare submittedasneededwithin seven(7) businessiaysof

identifying a deficiency and in the quarterly report.
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SectionD.DataValidationand Usability
22.0DataReview,Validation,and VerificationRequirements
¢KS RIFEGF GFfARFGAZY ONRGSNRAI NB olFl&aSR 2y ! { 9t! Q&

MeasurementSystemsyolumes | andIVZ* Thedatavalidationcriteriaare detailedin Table8 andare based
on the EPA QA handbook IV templates.

The ProjecManagersContractorsand Site Operatoare responsible foverifyingproperoperationof the
monitoring equipment under their control. The Contractors will review the incoming data to the standards
discussedh this document.Duringeachquarter,the datawill be reviewedagainby a Project Manager to

ensure that the data are complete, accurate, and representative and that erroneous data have been
removed in preparation for the final data report.

TheContractorwill routinely checkfor irregularitiesduringthe daily datareview. Datareviewincludes

evaluation of the raw data, maintenance records, calibration and audit data. Any abnormalities in the data
will be flagged and noted on the appropriate checklists. Any suspect data will be brought to the attgntion
the ProjectManagerassoonaspossible Allother documentationpertainingto the project (i.e. station logs,

field notes, calibration and audit sheets) will be reviewed to ensure that erroneous data are identified and
removed, as necessary from the final data set.

Calibrationproceduredor the meteorologicakquipmentare presentedin Sectionl4.3of this QAPRand the

SOP fometeorologicakensors. Tha Sy a 2 NI awill be@&etmNdedsingthe data presented iTable

4 and Table8. Meteorological data will be considered valid when the system response indicated calibration
responses and accuracy goals are being achieved.

22.1 DataAcceptance Limitgor MeteorologicalData
Performanceuditswill be conductedo verify calibrationandmaintenanceof the sensorsarecorrect. Audit
results will be used to invalidate periods of data when the sensor is not operating within specifications as
discussed iTable8 of this QAPP
Meteorologicadatawill be validandacceptabldf the followingconditionsapply:
1 Theinstrumentsare calibratedor auditedandmeetthe requirementsin Table8.

1 Thereviewof the datameetsthe requirementsof the datavalidationprocess SeeSection23
for details on data validation.
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23.0DataValidationand Verification Methods

Meteorological data are stored on DAS loggers as one minute and hourly averages (at a minimum)
computedfrom2 y S 11 & Galdes Paravalidationwill be performedon the hourly averagedata.An hourly
averagewill be computedwhenat leastnine (9)F A @ S 1t avarafydsiteBvailablefor the hour.

TheProjectManagersandContractorsareresponsibldor verifyingthe databy reviewingthe calibration

records, audit results, and field notes from the Site Operator prior to formal acceptance of these data. The
Project Managers will use the validation criteffable4 and Table8) to ensure that the reported data

meets the appropriate DQIs.

23.1 Level0DataValidation

Level0 datavalidationis essentiallyraw dataobtaineddirectly from the dataacquisitionsystemsn the field.
These data have not received any adjustments for knbiasesor problemsthat may havebeen identified
during preventive maintenance checks or audits. Level 0 data validation is accomplished by:

1 Collectingdataviamodem
1 Initially screeninghe dailydatafor anomalies

Stacked parameter plots will be generated which consist of every data point downloaded since the last site
interrogationandreviewedby a Contractorfor consistencyandpossibleproblems.Thisredundancy assures
that problems that might go unnoticed by the software will always be caught by the reviewer.

Toaidin datavalidation,aLJl & & ¢ 2 NR TptaR@aiSSoOumifineeihSstedwhichwill be updated daily.

CKAA oAttt RAFTFSNIFNRY /2y0NFOG2NI (2 /2yiNFOiI2ND ¢KE
graphics, daily minimum, maximums, and averages, quality assurance reports and wind roses. Historical
datashouldalsobe accessibleFigure4 and Figure5 presentexamplef thesegraphicsByusing this
approachdatacollectionpercentagesregreatlyenhancecanddatamanagemenpersonnelcan quickly

note and resolve any potential instrumentation problems.

siciigiion <
conid \MW\NY""/—V\ ‘\/ﬁ“\\'\‘w-\wﬂ M“-\«_W'/

Figure4. Real Time Meteorological Data Display
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Figure5. RealTime Air Quality Display
23.2 Quality ControlCheckdor Data Validation

Once data are downloaded via modem, they will be subjected to a series of QC checks by a software
packageThesoftwarepackageerformsextensivequality controlcheckof the data,generatesadata
summary report which lists means, maximums, minimums, time of occurrence, data values which fall
outside of prescribed ranges, periods of constant values, and periods of rapid value changes.

Thesecriteriamaybe adjustedasdataare collectedto moreaccuratelyencompassi A (i S 1 dohdgidhd. F A O
Forthe meteorologicaparametersadditionaldatareviewwill be initiated by the following:

1 Whenvaluesapproachthe upperend of theoperatingranges
1  Whenvaluesemainat the lowerendof the operatingrangeor gobelowthe loweroperatingrange.

TheQCsoftwareis usedto generateflagsor warningsthat the parametervalue isoutsideof anormally
acceptable range. The outlier program does not invalidate data or erase file records on the basis of these
outlier tests.Rawdatafilesare nevermodifiedandarearchived It will be left to the Contractorto review the
results of the outlier program in conjunction with the data parameter plots and initiate corrective actions if
warranted (site visit or data invalidation).
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After the QCsoftwareisrun, visualinspectionof the datais performedto identify suspectdatavalues that
warrant further investigation. These values will be flagged.

t SNJ 9t ! Qa wvdzZ f AGé@

I 34 dzNT YOS

I yR622] T2NJ

Quality Monitoring Prograi EPA recommends the use of flags or result qualifiers to identify potential
problems with data (oa sample). According to ERAflag is arnndicatorof the fact and the reason that
datavalue (a)did not produce a numeric result, (b) producedwmeric result but it igualified in some
respect relating to the type or validitf the result,or (c) produceda numericresultbut for administrative

reasondgsnot to bereportedoutside the organization.

Thusguality controlflagsand codes consistingof aletter andvaluewill be assignedo eachdatumto
indicate itsquality. Multiple flagswill be appliedto eachinvaliddatapoint suchasdatainvaliddue to
calibration.Tablell presents the data flags armbdes thatwill be appliedo the data. AQS qualifier codes
can be found athttps://ags.epa.gov/agsweb/documents/codetables/qualifiers.html.

Tablell. Data Flags

Flag Code Description
Vv 0 Valid
C 1 Correctedor Estimated
S 7 Suspectdataappeardo be adataspikeor outsidenormaldatarange
I 8 Invaliddata
M 9999 Missingdata: measuremenhot taken
BJ 9963 OperatorError
AC 9969 Constructiorin Area
AL 9978 Voidedby Operator
AM 9979 Miscellaneousvoid
AN 9980 InstrumentMalfunction
AP 9982 Vandalism
AQ 9983 CollectionFailure
AS 9985 PoorQAResults
AT 9986 Calibration
AV 9988 PowerFailure
AW 9989 Wildlife Damage
AZ 9992 QCAudit
BA 9993 Maintenance
BB 9994 Unableto ReaclSite
BC 9995 a dzf G A Gatibeatioy” {
¢2 aarad Ay RIEGE @FrEARFGA2YS | O2Lk 2F (GKS aArds

instrumentationmayhavebeen2 T T dueth po®eroutagesmaintenanceor repair,audits,or other
gualityassurancectivities.Significaneventswill be checkedagainsthe graphsfor consistency. Especially
high values will be checked to be sure that audit or calibration data were not inadvertently included.
Suspect data will be reported but flagged as suspect. Missing data will be left missing.

It isimportantto maintaindetailed,accuraterecordsof changego the data. Thejustificationfor all data

f
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invalidations will be permanently documented. Suspect data will also be documented.

23.4 Minimum Acceptable Data RecoveBercentage

Tobe consideredvalid,eachhour of meteorologicabdatamustconsistof at least45 minutes(75%of a valid
hour) of valid data. The data recovery goal for the data will be at least 90% per quarter.

23.5 DataReportQAChecklist

Aspart of the datavalidationprocesgo preparedatafor reports,report table contentversusdatafiles,
YAdaAy3d RIEGEET 2FFnftAyS LISNA2RaI LISNOSyl( viified| NBO2 O
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24.0Reconciliationwith User Requirements

The objective of the meteorological network is to collect data that will provide the necessary information

forthe2 5 9 v 11 toassessvhetherthe DQOsrebeingmet. Themeteorologicalatawill be used to

OKI N} OGSNART S YR Y2yAi(d2N GNBYR& AYy AN ljdahdt AGeX bl i
maybe usedfor nationalhealthassessmentsnodelevaluationsand comparisorwith other meteorological

data. Following the procedures described in this QAPP and the SOP for meteorological sensors will ensure

that the DQOs are met and the data will be representative of air quality conditions and be of acceptable

quality for precisia, bias and completeness.
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APPENDIXA: StandardOperatingProcedures
Al StandardOperatingProcedure forMeteorologicalSensors

A.2 Standard Operating’rocedurefor Meteorological SensorAudits
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A.1 StandardOperatingProcedure forMeteorologicalSensors
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1.0 Scope and Applicability

This SOP applies to the quality assurance activities involving the performance evaluations of meteorological
sensorwithinthe2z 5 9 v 1t Aingialitymonitoringnetwork. Meteorologicabuditsare requiredwo (2)

GAYSa LISNI @SFNJILSNI 259vmn!lv5 vitt FYyR Fa NBO2YYSYRSH
¢tKAad {ht RSGFAfa GKS LINRPOSRdAzZN®& 259vm!vs5 gAftf GI11S
259vm!lv5 YIF& 02y (N} Ol asgihe Cotlactdr oy haleitheir dwi SOPRoA & A & (G f
follow.

Meteorologicalmeasurementgncompassvarietyof differenttypesof instrumentationand techniques.
For this SOP and supporting documents, meteorological sensors include:

Windspeed
Winddirection
Verticalwind speed
Ambienttemperature
DeltaTemperature
Relativehumidity
BarometricPressure
SolarRadiation
Precipitation

=4 =4 4 4 8 8 _a -5 -9

1.1 Introduction

' dZRAGA I NB LISNF2NN¥SR 6A0K AYRSLISYRSY(G SldaAaLIYSyd |yl
the QA Coordinator or designated Contractor will travel to the site location with independent equiponent
performthe audit. Theauditis performedby usingacertified meteorologicabquipment.

It isarequirementfor meteorologicabensorgo be auditedtwice ayear.

2.0 Summaryof Method

¢CKAA YSUOK2R A& F2NJ dzaS F2NJ FdzRAGAY3I 259vmn!v5 YSiS21
include wind speed, wind direction, vertical wind speed, ambient temperatute@(2) meters anden

(10) meters,deltatemperature,relativehumidity, solarradiation,barometricpressure stationtemperature,

and precipitation. These parameters will be audited twice a year.

2.1Definitions
Thefollowingtermsthat are usedthroughoutthis documentare definedhere:

1 NISTThisacronymrefersto the Nationallnstitute of StandardsandTechnologyThisisa
laboratory in Washington D.C. that creates standards for instruments and materials for
208Ny YSYGd FyR y2yn 320SNYYSydtt SyGadasa FyR |
create international standards. This is performed so that a value of one thiregan d
collected anywhere in the world or U.S. is comparable to the same information collected
somewhere else.
NISTTraceability:Thisterm refersto ad (i NJ- yofa Bt&nbldicor technique that allowshe
known standardization of one material or instrument to another. For example with sulfur
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dioxide, this is done by using sulfur dioxide gas that has been tested by a NIST traceable
instrument and then placed into a compressed gas aluminum cylinder. In addition, the flow
rates of the mass flow calibratigMFCunit isalsocalibratedusingNISTiraceableflow
devicessothat the operatorin the fieldwill knowthe levelof gasthat is beingdelivered
within aknownlevelof confidenceAll3 | 8 S2dza FylFf el SNBA 6AGKAY GKS 25
NIST traceable.
1 Horizontal Wind Speed+orizontal wind speed sensors commonly utilize a cup or propeller
assemblyturningon eitheraverticalor horizontalaxis.Theaerodynamicshapeof the cups
converts the wind pressure into torque. This will turn a shaft which is supported by low
friction, precision bearings. The shaft rate of rotation is converted to wind speed by the use
of a transducer. Ideally, there is a linear relation between rate aitroh and wind speed,
above the starting threshold. Please note that be@ne bearings are frictionless, there is a
finite amount of wind, albeit very low, which is needed to start the anemometer to begin to
move. This amount of wind is known as the starting threshold. An audit on this sensor
provides physical verificationthét m0 G KS aSyaz2Nna adkNIAy3 (KNBa
0St2¢ GKS AyaidNHzySyid YI ydzFand2jirdzdadddieeris aGF G SR adt
properlyconvertingcuprate of rotation (rpm)to wind speed.For soni@anemometer
systemsare basedon the principlethat wind changeghe transittime of asound pulse across
a fixed distance. Sonic systems can be designed in two dimensions for horizontal wind speed
anddirectionasareplacementor the cupandvaneor propellerunits,or in three dimensions
for both horizontal and vertical wind measurements. The measurement principle is based on
the disturbanceof the windsbetweenthe ultrasonicemitter andthe receiver.Theemitter
sendsout an ultrasonigulsethat isreceivedby thesensor Asthe wind perturbsthis pulse
wave,the sensorcan detecthe difference between calm winds and wina®ving between
the sensor and emitterThis disturbance is proportional to the wind speed and direction.
Note that there are no mechanical components tmsoanemometers; therefore, there is
no starting threshold.
1 Vertical Wind SpeedThe vertical wind speed sensor employs a helicoid four blade
propeller. A miniature tachometer/generator produces an analog DC voltage proportional to
the axial wind component. When propeller rotation reverses, signal polarity reverses. This
produces a fus (+) or minug ditectionof rotation. Performanceauditsverify starting
thresholdasstatedin the previous paragraph, rpm to wind speed conversion, and proper
signal polarity reversal. Ideally, there is a linear relation between rate of rotatidmamd
speed, above the starting threshold. Please note that because no bearings are frictionless. A
calibration on this sensor provides physical verification thpit K S & Stgfting NI &
thresholdhasnot changedprisdo St 2 ¢ (0 KS Ay a G NdzYy Sstartiny I y dzF I O dzNB NI
thresholdand2)the transduceris properlyconvertingpropellerrpmsto wind speed.
1 Horizontal Wind DirectionWind direction sensors indicate the directifsom which the
wind is blowing. The wind direction is expressed as an azimuth angle on a 360° circle where
0° or 360° indicates North (usually True North) and 180° indicates South. Wind direction
sensors use a tail assembly positioned on a vertical shafétect wind direction. Wind
applies a force to the tail assemldfthe sensorforcingthe assemblyto turn into the wind
seekinga positionof minimum force The shafof the sensorrestson low friction precision
gradebearingsandis connectedto a low torque potentiometer. The potentiometer yields a
voltage output proportional to the wind directioffhestartingthresholdof the sensoris
controlledby the relationshipof shape size,and distance from the axis of rotation of the tall
assembly to the vertical shaft, bearings, and potentiométegue requirements.Sonic
anemometersandetectwind directionaswell dueto the design of the systems. As the
sensor is producingltrasonic pulses from the emitters, it can estimate not only speed but
direction as well.
1 Ambient Temperature For air quality applications, ambient temperature is measured with
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a temperature probe. The probes can be thermistor, resistance temperature detector (RTD),
or thermocoupleTheprobeto be auditedshouldbe locatedin aradiationshieldwhich
protectsit from the effects of solar heating and wind variations.
1 DeltaTemperature:AlsoknownasdeltaTé n ¢ooakquality applicationsdeltatemperature
is measured with two temperature probes at different heights. The utility of this is to
ascertain whether air is rising or falling. This information can go into dispersion models used
to track movement of vertical movement of air.
1 Relative humidity:RH is the ratio of the existing amount of water vapor in the air at a given
temperatureto the maximumamountthat couldexistat that temperature.Thisvalueis
usually expresseith percentrelative humidity (%RH)whichisavariableparameterwhichis
affectedby atmosphericonditionsduringits measurementCapacitivesensorssenseRH
utilizinga strip of metal between an electrical current. The metal strip electrical capacity
(i.e., voltage) changes linearly with the RH.
1 Barometric pressureBP measurements can be used in modeling and can be used to correct
an ambienimeasuremento standardconditions(298Kand760millimetersof mercury).BP
sensors use pressuteansducers whiclransformthe sensoresponsénto I LINB & & dzNB
relatedelectrical.
1 Solar RadiationSolar radiation is related to atmospheric stability and is commonly
described in units of energy flux: Watisr square metefW/m?). A pyranometer measures
sun and sky radiation on a horizontal surface. Most pyranometers incorporate a thermopile
sensor; however, a silicon photovolt&iellcanalsobe used.Thenetradiometermeasures
the differencebetweendownward (solar) and upward (terrestrial) radiation.
 Precipitatony t NEBOALAGFGA2Y A& RSTAYSR axX adGKS G20l ¢
the ground in a stated period is expressed as the depth to which it would cover a horizontal
LINEP2SOlGA2y 2F (GKS SIFNIKQa adaNFIF OSndiany G KSNE ¢ SNB
LI NI 2F GKS LINBOALRGIGAZ2Y FrHEfAY3a &a ayz2é6 2N AC
the principle of a tippingpucketgauge Afunneldirectsprecipitationto asmallinlet that
directswater overtwo equal compartmentspr buckets that tilt in sequencewith each
representingaknownguantity of rainfall. Themotion of the bucketscauses amlectrical
switchto closeandthe numbersof tipsare counted.

3.0 Healthand SafetyWarnings
Thefollowinghealthandsafetywarningmustbe followedin order for safeoperationof the instrument.

1 Manymeteorologicainstrumentsare mountedon boomson towersthat canrangebetween
ten (10), twenty (20) or eventhirty (30) metersin height.lt is stronglyrecommendednever
climbtowers unlessyou aretrained to climb.Falling off of a tower even a few meters from
the ground can cause injury or even death. All instruments on the towers must be lowered
in order to safely perform audits, calibrationsraintenance.

1 Mostmeteorologicainstrumentsoperateonlow direct current(DC)voltage.Usually this
voltageis also low in amperes (amps). However, some instruments have heaters that may
have 110 volts alternating current (AC) that can shock or even cause death in some
circumstances. It is important that each station technician know and understand whether or
not the system they are working is powerbg DCor ACcurrent.In addition,if aninstrument
hasii ¢ 2 TwirS, thiBmeansthereisno ground on the instrumenBe careful not to ground
the instruments if performing troubleshooting as this can damage ela@rcomponents.

1 Ifworkingwith anyglassdevicessuchasburettesor flasksusecautionto not breakthem.

1 Avoidelectricalcontactwith jewelry.Removeings,watches pracelets andnecklaceso
prevent electrical burns.
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4.0 Cautions

1 Alwaysobtainthe orientationof the instrumentboombeforeyoulowerthe tower. Thiscan
be done using a GPS device that shows position and direction.

1 ltisrecommendedhat awinchandcablesystembeinstalledto lowerthe tower.

1 Somemeteorologicatowerscanbeveryheavy. It isrecommendedhat two (2)or three (3)
peoplebe available to lower towers on a tripod badeo not drop the tower.This can
damage the instruments on the top boom or bend the tower.

1 Alwaysguythe meteorologicatower. High,consistenbor gustywindscandamageor even
knock over a tower that is not guyed.

4.1 Interferences

Donot placesolarradiationsensorsn locationwherea shadowmaycrossoverits sensor.Thiswill causea
falsereading,and the data will need to be invalidated.

5.0 PersonnelQualifications

LG Aa GKS NBalLRyaAoAfAGe 2F 259vmn!lv5 2N GKS [/ 2y (NI ¢
andmaintenance. It is eequirement ofthe2 5 9 v ! v 5 { 2staffiaNd kkeyp recofdSall thilning

that is performed.Althoughmeteorologicalnstrumentsared S f T 1t O 2hgréisaleyelDFkBEowledge of

St SOGNRYyAOA YR (y26nK2g Ay@2f @SR Ay ThekrStruddniS NI G A 2y
manual is the best training tool for this.

6.0 Equipment
Thefollowingsuppliesarerequiredfor the operationof this instrument:

1 WindspeedR.M.YoungSelectabléSpeedAnemometeDriveandR.M.Youngorque disk

1 Winddirection:Brutoncompasgo determinethe alignmentof the sensorR.M.Youngvane
Angle Bench Stand.

1 Ambienttemperature:NISTraceablethermometer,potablewater,ice,heatingelementand

thermally isolating container.

DeltaTemperatureNISTiraceablethermometer,potablewater, ice,heatingelementand

thermally isolating container.

RelativeHumidity: NISTiraceabletemperature/RHsensor a datalogger,aspirationshield.

BarometricPressurelNISTiraceablealtimeter

SolarRadiation:NISTiraceablesolarradiation pyranometer

Precipitation:1000mLdrip bottle andwater

=

E R N

6.1  InspectionfAcceptanceof Suppliesand Consumables

Sparepartswill be purchasednly from the instrumentationmanufacturerby the QACoordinator Parts will

be inspected by the QA Coordinator for shipping damage upon receipt. Spare parts will be kept in the
259vm!v5 g2N] akKz2L)] F2NJ dzaS 6KSYy ySSRSR® 2AyR &LISSR |
probe,andthermometerswill be sentoff for annualcertification.Solarsensorswill be sentoff every two(2)

years for certification.



WDEQ AQD QAPP for Meteorological Parameters
Revision 4, November 2025
Appendix A.1
Pageb9o0f 113

7.0 Quality AssurancdProcedures

Auditsarerequiredto be performedat aminimumoftwice ayearperz 5 9 v 11! Mete6@@ogicalQAPP.

The audits are performed by challenging the sensor with known parameters or by collocation. The
procedurefor eachsensorislistedin this section.Onallauditforms,recordthe site sensotinformation
includingthe make/model/serial number. Fahe audit formsijt is necessaryo selectthe sitetype on the

Site Verification/Audit Standards Form. This will populate the acceptance criteria for each parameter. All
SPM stations will be PSD site and Cheyenne NCore will be an NCore site.

7.1

1.

ok wn

7.2

N

7.3

=

7.4

N

ook w

SolarSensorAudit

Collocatedht leastone (1) audit solarsensorwith the site sensorThiscan be done by placing

the auditsensordirectly next to the site sensor relocatingthe site sensornextto the audit
sensor, or placing the audit sensor(s) within reasonable distance to the site sensor. The
positioning of sensor(s) should minimize the effect of any local interference or obstructions.
Makesurethe audit sensor(s)slevelandclean.

Connecthe auditsensor(sjo the auditdatalogger.

Inspectthe sitesensorto checkif it iscleanandlevel.Noteon auditform.

Recordhourly averagedor the site andthe audit sensor(s)Recordon audit form.

RelativeHumidity Audit

Noteif site hasanactiveor passiveaspirationshield.
a. Ifsitehasapassiveaspirationshield,attachauditaspirationshieldandinsertRHprobe
as close as possible to the site sensor.
b. If sitehasanactiveaspirationshield,try to collocatethe sensorsaasbestaspossible,
under similar conditions.
Connecthe audit RHprobeto the auditdatalogger.
Recordhourly averagedor the site andthe audit sensor(s)Recordon audit form.

BarometricPressureAudit

Holdaudit standardascloseto site sensorRecordhe auditbarometricpressurevalue.
Onthe site DASrecordthe site barometricpressurevalue.Convertthis to mmHgif necessary.

Precipitation GaugeAudit

Make notation in station logs and/or flag the precipitationchannelini K S 2dama A i S
logger indicating performance audit.

Checksstarting value for the precipitation channel. If greater than 0.0 note the

starting precipitation value.

Filldrip bottle to 2000mL.

Takelargescreenout of the precipitationgauge|f it isin the gauge.

Letbottle drip until empty.

Checkhe appropriateboxfor the make/modelof the precipitationgaugeon the auditform.
Enterthe DASvaluein mmwhenall water hasbeenintroducedto the gauge. Convestalue

from inches to mm if necessary.
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7.5  WindDirectionAudit

1. SensoAlignment
a. Makenotationin stationlogsand/or flagthe wind directionchanneinthe2 y ma A G S
datalogger indicating performance audit.
b. Determinethe magneticdeclinationof magneticnorth from true north using
one of the following methods:
i. ApprovedSolarAzimuthapplicationsonyoursmartphone
ii. NationalGeomagnetisnProgranfrom the
USGS8vebsite
(https://geomag.usgs.gov/models)
ii. NationalCenters for Environmental
Informationweb site
(https://www.ncei.noaa.gov)
iv. U.SNavyObservatorywebsite (https://www.cnmoc.usff.navy.mil/usng/
c. Setuptripod andaffixcompassr transitat the samelocationwherealignment
checkawill be performed (care shoulge taken to ensure théocation is freeof
nearby interferences such as buried wires or pipes, buildings, cell phones, belt
buckles, or other ferroumaterials).
d. Adjustthe compas®r transitto matchthe azimuthor declinationdetermined.
e. Rotatecompas®rtransitto alignthe crosshairshroughthne O N2 & &rrt I NJY
alignmentrod of the wind direction sensor.
f.  Enteralignmentresultsin the auditform.
2. SensoLinearity
a. Usethe appropriatelinearitytest assemblyfor the sensomunderaudit.
i. RMYoungsensorgenerallyuseeitherRMYoungModel 181120r 18212
i. Climatronicsensorsiseay Tt LJ2 a\AsdriMackfiningdisc
b. Cyclethe testassemblythroughnine (9)45°increments.
c. Enterresultsin auditform.
3. StartingThreshold/Torque
a. Whilesensolisonthe linearitytemplateandlevelonthe ground,releasethe tail
suchthat it is freely moving. Install the torque disc on the sensor shaft.
b. Notethe weightsizeanddistancefrom centerwhenthe shaftfirst turns (torque).
c. NOTEthistestisextremelydifficult whenwindy.

7.6  Wind SpeedAudit

1. WindSpeed
a al1S y20l0A2y Ay adGraGAz2y t23a | yYRk2N Ffl 3
site data logger indicating performance audit.
b. Ontheauditform, selectthe manufacturerandmodelof the sensorand
measuredunits. This will populate the motor speed targets.
c. Removehe propellerfor the site monitor andattachthe variablespeed
anemometerto the sensor shaft input.
d. Setthe anemometerdriveto the slowestmotor speedfrom the audit
form andallowto stabilize.
e. Recordhe resultsfrom the DASn the auditform.
f. Repeatwith the other motor speeddistedon the audit form.
2. StartingThreshold/Torque
a. Installthe torque disconthe sensorshatt.
b. Holdthe sensorsuchthat the shaftis paralleto the ground.


https://geomag.usgs.gov/models)
https://www.ncei.noaa.gov/
https://www.ncei.noaa.gov/
https://www.cnmoc.usff.navy.mil/usno/
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c. Notethe weightsizeanddistancefrom centerwhenthe shaftfirst turns (torque).
d. Enterthe valuein the auditform.
3. VerticalWind Speed
a. Followthe sameprocessaboveusingalow speedwind anemometer.
b. Motor speedswill betestedclockwiseandcounterclockwise.

7.7  Ambient Temperatureand Delta Temperature Audit

1. Makenotationin stationlogsand/or flagthe temperaturechannelsanddeltatemperature

OKFyySt Ay (KS 2ymarias REAGF £2338NIJ AYRAOFGAYI L
2. t NBLI NB GKNBS RAFFSNBYG 6FGSNI ok dKa Ay +y Ayad
c/ 0 FYR I KAIK NIQy3S o6FGK odY9nnmpn c/ 0P aSl &dz2NB

digitalthermometer.
3. Remove the temperature probe(Bpm the aspirator(s) and check the fans for proper
operation and flow.
4. Place the probe(s) in the first water bath along with an audit standard. Be sure not to
submerge the sensitive components of the sensors.
Agitatethe water bath until the valuesindicatedon the DASand audit standardstabilize.
Recordmeasurement®n the audit form.
Repeafor the other two (2) water baths.
If there are multiple probes, verify the channels and check that the delta temperature is
being calculated correctly.

© N oG

7.8  Station Temperature Audit

1. Using an audit standard, collocate with the station temperature probe. Once audit standard
is stable, record the temperature and the station temperature from the DAS on the audit
form.

8.0 References

1. EnvironmentaProtectionAgency2000,MeteorologicaMonitoring Guidancdor
wS3dzt F §2NE a2RStAY3 !LIWXAOFIGA2YASY 9t ! mnpnkKwTmdg
https://www.epa.gov/sites/default/files/202610/documents/mmgrma_0.pdf

2. Environmental Protection Agency, 2008, Quality Assurance Handbook for Air Pollution
MeasurementSystemsYolumelV.MeteorologicaMeasurementgVersior2.0),9 t | m
NnpnK. Ay T NN ktpsy/evwweRekovisiresidefautbfiles/2021
04/documents/volume_iv_meteorological _measurements.pdf
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APPENDIX AMeteorological Audit Forms
. Site Information
Audit Verification Standards
Site Name | Auditor Date
Site Type Time of Audit (MST)
Deg Min Sec Decimal
Latitude North
—~CALCULATE->
Longitude West
Manufacturer Model Serial Number Expiration Date
Temperature Reference

AT/RH Sensor Reference

Barometric Pressure Reference

Wind Speed Reference (high rpm)

Wind Speed Reference (low rpm)

Wind Speed Torque Gauge
Wind Direction Alignment Reference

Wind Direction Linearity Reference

Wind Direction Torque Gauge
Solar Radiation Reference

Multiplier | | wim2/mv
Solar Radiation Reference
Multiplier | | wim2/mv
UV Radiation Reference
Mmultiplier | | wim2/mv
Precipitation Reference
Volume | | mL

I Notes:
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D @ TEMPERATURE / DELTA-TEMPERATURE SYSTEM AUDIT
ABBR. | ]
CLIENT WDEQ-AQD [ FIELD SPECIALIST JoeMazza | DATE | |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
1 Temperature Reference Controll Company 400074001 101477029 12/11/2025
Manufacturer List ser\sors
Model according to
|Serial Number el C oo
from highest to
lowest.
Temp. Deltas

CALIBRATION ACCEPTANCE CRITERIA (<=)
Ambient Temperature Difference (°C) 05
Vertical Temperature Difference (°C) #NIA

Bath Temp (°C)

| MAX ABS Difference

| MAX ABS Difference

| Each sensor was verified against its data channel? |

= 9 | [ fres [ o | Inva ]

o= 2 | Each Temperature Difference = Upper - Lower? |
es o
| |Yes No N/A Yes o N/A
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D @ RELATIVE HUMIDITY SENSOR AUDIT
ABBR__|
CLIENT _Im Joe Mazza | DATE | ]

SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
| RH SENSOR REFERENCE Vaisala HMP155A T1610197 12/10/2025
Manufacturer
Model
|Serial Number

AUDIT CRITERIA (<=)
Relative Humidity Difference (%) I 7%

Relative Humidity (%)
Hour STD DAS Difference
Average

I Aspirator fan functional? I[] Yes [JNo []N/A |

INOTES:
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D Q STATION TEMPERATURE SENSOR AUDIT
ABBR. | |
CLIENT WDEQ-AQD | FIELD SPECIALIST Joe Mazza | DATE | |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
|  Ttemperature Reference Controll Company 4000/4001 101477029 12/11/2025

AUDIT CRITERIA (<=)

Temperature Difference (°C) | #N/A
Tem perature
Reference (°C) DAS (°C) Difference

INOTES:
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D @ WIND SPEED SENSOR AUDIT
ABBR. | ]
CLIENT WDEQ-AQD FIELD SPECIALIST Joe Mazza I DATE I I
SITE NAME
MﬁNUFACTURER MODEL SER-IAL NUMBER EXPIRATION DATE |
Wind Speed Reference R.M. Young 18802 CA03609 9/25/2025
Wind Speed Torque Gauge R.M. Young 18310
Manufacturer and ]
Model
Sensor Serial #
Cups Serial #
AUDIT CRITERIA (<=)
Wind Speed Difference (m/s) #N/A #H | Select UNITS | m/s |
Wind Speed Difference (%) #N/A Ht
Wind Speed
Motor Speed (rpm) Target Speed DAS Difference Starting Threshold TORQUE
N/A N/A N/A Torque <= g-cm
| Heater sleeve functional?  |[ [Yes [ [No [ [n/A |
INOTES:
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D @ BAROMETRIC PRESSURE SENSOR AUDIT
ABBR. | |
CLIENT WDEQ-AQD [ FIELD SPECIALIST | Joe Mazza | DATE |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER | EXPIRATION DATE
| Barometric Pressure Reference Meriam Smart Manometer 2435000017 8/28/2025

Manufacturer
Model

Serial Number

AUDIT CRITERIA (<=)
Pressure Difference (mb) I 3.00

Barometric Pressure
Reference (mb) DAS (mb) Difference

Common Pressure Conversions

Value Units mmHg | mmHg | Value units
1.000 atm 760.00 | 760.00 | 1.000 atm

29.92 inHg 760.00 29,92 inHg
1013.2 mb 760.00 1013.2 mb
1013.2 hPa 760.00 1013.2 hPa
14.70 psi 760.00 14.70 psi

INOTES:




WDEQ AQD QAPP for Meteorological Parameters
Revision 4, November 2025
Appendix A.1
Page68of 113

D @ WIND DIRECTION AUDIT

S |
[ CLENT ] WDEQ-AQGD [ FIELD SPECIALIST | Joe Mazza | DATE T ]
SITENANE | |
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
Direction Alignment Reference Brunton Transit 5061413150
Direction Linearity Reference R.M. Young 18812 n/a
Direction Torque Gauge R.M. Young 18331 nfa
Manufacturer & _
Model
Sensor Serial #
Vane Serial #
Local Magnetic Declination (degrees) | | Mag. Dec. from NOAA (deg/minisec) | | | | 0.00 |
Method | http: uswen ngdc noaa.gov/geomag-web/#declination
Landmarks Degrees
AUDIT CRITERIA (=) From the North 0
Cross-arm Alignment Error (degrees) #N/A From the South 180
Total Align. Diff {(degrees) #N/A From the East 90
Sensor Linearity (degrees) #N/A From the West 270
| Reference Alignment Error (degrees) | 0.0 | #N/A |

SENSOR ALIGNMENT

Reference Degrees | DAS Difference
From the North 0
From the South 180
From the East 90
From the West 270

Total Alignment MAX ABS Dif-f |

OR
SENSOR ALIGNMENT |
Landmark __ |Degrees | DAS Difference
From the North 0
From the South 180
From the East 90

From the West 270
Total Alignment MAX ABS Diff |

SENSOR LINEARITY |

Point DAS Difference

1 N/A

2

3

4

&

6

7

8

1

MAX Difference

Starting Threshold TORQUE
Torque <= g-cm

| Heater sleeve functional? [l Fes | fo wa |
I NOTES:
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E @ VERTICAL WIND SPEED SENSOR AUDIT
ABBR. | I
CLIENT WDEQ-AQD | FIELD SPECIALIST Joe Mazza | DATE | |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
Wind Speed Reference R.M. Young 18311 CA04475 972512025
Wind Speed Torque Gauge R.M. Young 18310
Manufacturer and N
Model
Sensor Serial #
Cups Serial #
AUDIT CRITERIA (<=)
Wind Speed Difference (m/s) | #N/A I Userecommended 1.25 multiplier? | Yes |
Vertical Wind Speed I s |
Motor

Speed Target DAS :
{rpm) |Speed (m/s)] (m/s) Ditfarence

N/A N/A

CW=+
CCW = -

Starting Threshold | TORQUE]
Torque <= gfcm I

INOTES:
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D @ SOLAR RADIATION SENSOR AUDIT
ABBR. | |
CLIENT WDEQ-AQD | FIELD SPECIALIST Joe Mazza | DATE |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE |

Solar Radiation Reference #1 Huskeflux LPO2 48080 12/18/2025

Solar Radiation Reference #2 LiCore LI--200R PY111375 12/18/2025
Manufacturer Conversions
Model Value Units Value Units
|Serial Number 1.000 | Langley/m | 697.80 | W/m

AUDIT CRITERIA (<=)
Difference from CTS (%) | 50%

Solar Radiation
Hour #1 (Wim°) #2 (W/m°) | DAS (W/m°) | Difference

[ MEAN ABS % DIFF | |

| Sensor found clean? [Clves [Tno |

|  Sensorfoundlevel? [ [ves [ [no |

INOTES:
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D @ PRECIPITATION SENSOR AUDIT
ABBR. | |
CLIENT WDEQ-AQD I FIELD SPECIALIST Joe Mazza I DATE | |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
| Precipitation Reference R.M. Young 52260 N/A
Manufacturer
Model
Serial Number
AUDIT CRITERIA (<=)
Difference from Input Volume (%) | #N/A
Reference Chart Input Volume (mL) 1000 Conversions
™ Manufacturer Model Diameter (in.) mm/Ep mL/tip DAS target Value Units Value Units
Met One 385 12 0.254 18.53 13.71 1.000 inch 25.40 mm
RM Young 52202 6.2825 0.100 2.00 50.00 25.40 mm 1.000 inch
X Climatronics 100097-1-GO-HO 8 0.254 8.24 30.84
Clim atronics 100508 9.66 0.100 4.73 21.15
Precipitation
Reference (mL) Target (mm) DAS (mm) Difference
1000 30.84 | |
| Heater functional? Il IYes [ Ino [ In/A |
INOTES:
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@Air Resource STATION TEMPERATURE SENSOR
> SPECIALISTS VERIFICATION & CALIBRATION

ABBR. | |

CLIENT | FIELD SPECIALIST DATE

SITE NAME DATE OF LAST VISIT
MANUFACTURER KMODEL SERIAL NHUMBER EXPIRATION DATE

I Temperature Reference

[ CALIBRATIONACCEPTANCE CRITERIA (=) |

Temperature Difference (°C) | EMIA

AS FOUND Temperature AS LEFT Temperature
Reference (°C) DAS [°C) Difference Reference (°C) DAS [°C) Difference

I NOTES: .
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/5{\( ) Air Resource
ZARR SPECIALISTS

SOLAR RADIATION SENSOR VERIFICATION & CALIBRATION

ABBR. | |
CLIENT | FIELD SPECIALIST DATE
SITE NAME DATE OF LAST VISIT
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE | MULTIPLIER
I Solar Radiation Reference
AS FOUND AS LEFT
Manufacturer Manufacturer
Model Model
Serial Number Serial Number
Translator Translator
Logger Type High Input (V) Logger Type High Input (V)
ESC Low Input (V) ESC Low Input (V)
High Output High Output
Low Output Low Output
CALIBRATION ACCEPTANCE CRITERIA (<=) DATA ACCEPTANCE CRITERIA (<=)
Difference from CTS (%) | #NA Difference from CTS (%) | #NA
m Solar Radiation
Hour CTS (W/m*) | DAS Wim®) |Difference \'
DAS (W/m?)
|DARK RESPONSE
MEAN ABS % DIFF
| Sensor found clean? | LlYes [Ino |
| Sensor found level? JLlves [ Ino |
AS LEFT Solar Radiation
Hour CTS (W/m°) | DAsS wim®) [Difference \Y
DAS (W/m?)

|IDARK RESPONSE

MEAN ABS % DIFF

INOTES!
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/}{\(\ Air Resource

KAa SPECIALISTS PRECIPITATION SENSOR VERIFICATION & CALIBRATION

ABBR. | |
CLIENT | FIELD SPECIALIST DATE
SITE NAME DATE OF LAST VISIT

MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
I Precipitation Reference

Manufacturer Manufacturer
_Iylodel _I\_Ibdel
Serial Number Serial Number
CALIBRATION ACCEPTANCE CRITERIA (<=) DATA ACCEPTANCE CRITERIA (<=)
Difference from Input Volume (%) | #NA Difference from Input Yolum e (%) ] #NIA
Reference Chart Input Volume (mL) 0 Conversions
Manufacturer Model Diam eter (in.) mmitip m Litip DAS target Value Units Value Units
X Climatronics 100097-1-G0-HO g 0.254 8.24 0.00 1.000 inch 25400 mm
Climatronics 100508 9.68 0.100 4.73 0.00 2540 mm 1.000 inch
Met One 370 g 0.254 8.24 0.00
Met One 385 12 0.254 18.53 0.00
RM Young 52202 6.2825 0.100 2.00 0.00
Texas Electronics TR-525|-HT 6.06 0.254 4.73 0.00
Precipitation
Reference (mL) Target (mm) DAS (mm) Difference
0 0.00 | 1
| Heater functional ? JLIves [ino [ Tnva | POST-maintenance check
must be conducted after ANY
[ Sensor found level? [ LTI | maintenance performed on
the precipitation gauge
| Sensor found clean? | Q Yes [ |No 1
Precipitation
Reference (mL) Target (mm) DAS (mm) Difference
0 ] ]

INOTES:
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/5{\(\ Air Resource RELATIVE HUMIDITY SENSOR VERIFICATION &
KRR\ SPECIALISTS CALIBRATION
ABBR. | |
CLIENT I FIELD SPECIALIST DATE
SITE NAME DATE OF LAST VISIT
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
I RH SENSOR REFERENCE

AS FOUND AS LEFT

Manufacturer Manufacturer
Model Model
|Serial Number |Serial Number
DATA ACCEPTANCE CRITERIA (<=)
Relative Humidity Difference (%) | #N/A
L O D Relative Humidity (%) AS LEFT Relative Humidity (%)
Hour STD DAS Difference V Hour STD DAS Difference \Y

Average Average
=

|  Aspirator fan functional? || |Yes [ [No [ [ N/A |

INOTES
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urce BAROMETRIC PRESSURE SENSOR VERIFICATION &
CALIBRATION
ABBR. | |
CLIENT | FIELD SPECIALIST DATE
SITE NAME DATE OF LAST VISIT
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
I Barometric Pressure Reference
Manufacturer Manufacturer
Model Model
Serial Number Serial Number
[ DATA ACCEPTANCE CRITERIA (<)
Pressure Difference (mmHg) | #NA

AS FOUND Barometric Pressure ASLEFT Barometric Pressure
Reference (mmHg) DAS (mmHg) Difference Reference (mmHg) DAS (mmHg) Difference

Commeon Pressure Conversions

Value Units mmHg mmHg Value units
1.000 atm 7600000 760.00| 1.000 atm
2992 inHg | 7&0.00 2992 inHg
1013.23 miy T60.00 10132 mb
1013.2 hEa 760.00 1013.2 hBa
14.70 psi 760.00 14.70 psi

IHDTES:
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ﬁr\\ \ Alr Resource  yynp SpEED SENSOR VERIFICATION & CALIBRATION

ABBR. | |
CLIENT I FIELD SPECIALIST DATE
SITE NAME DATE OF LAST VISIT
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
Wind Speed Reference
Wind Speed Torque Gauge
AS FOUND ASLEFT
Manufacturerand | RM Young- 05305 /08254 Manufacturer and
Model PsSD Model
Sensor serial # Sensor senal #
Cups seral # Cups Serial #

[ DATAACCEPTANCE CRITERIA (=)
Wind Speed Difference (mis) Nl E | Select UNITS | mis |
Wind Speed Difference (%) #Nia | B

|_ASFOUND LT
Motor Speed (rpm) Target Speed DAS Difference Starting Threshold TORGQUE
1] [ NIA NIA NIA Torgue <= 0.3 g-cmi
(1) 3002
1200 6.144
4000 20.450
7000 35540
qo00 a6 050

| Heater sleeve functional? IE ves | INo | [nfa |

| ASTERT Wind Specd

Motor Speed (rpm) Target Speed DAS Difference Starting Threshold TORGUE
N.l'l.ul':'l. N.l'l.ul':'l. N.l'lu'f'i Torque <= g-cmi

IH’DT ES5:
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AN AIr RESOUICe  yiND DIRECTION SENSOR VERIFICATION & CALIBRATION
ABBR. I I
CLIENT | | FIELD SPECIALIST | 1 DATE 1 |
SITE HAME | | | DATE oF LaST wisiT | |
MANUFACTURER MODEL SERIAL NUMEER EXPIRATION DATE
Direction Alignment Reference
Direction Lirezrity Reference
Direction Torque Gauge
AS FOUND ASLEFT
Manufacturer & R Manufacturer & R
Model Model
S Serial # Sensor Serial ¥
\fane Serial # \Yane Serial #
| Local Magnetic Declination (degrees) | | | Mag. Dec. from NOAA (degiminisec) | | 1 | 0.00 |
| Method 1 | Mip . 9%,
Landmarks Degrees’
ACCEPTANCE CRITERIA (=) From the North 1]
Cross-arm Alignment Error (degrees) (CAL) ANSA From the South 180
Total Align. Diff (degrees) (DATA) #NIA From the East 90
Sensor Linearity (degrees) [ CAL) ANIA From the West 270
| the Reference Aigrment intended tobe 54 YES | | the Reference Migrment intended tobe 54 YES |
| Reference Alignment (degrees) I I ENA I I Reference Alignment (degrees) I I ENA I
SENSOR ALIGNMENT SENSOR ALIGNMENT
N-S Reference |Degreed DAS Difference N-G Reference |Degreed DAS Difference
From the North 0 From the North 0
From the South | 180 From the South 180
From the East 90 From the East 90
From the West 270 — From the West 270 -
Total Alignmert MAX ABS Diff 1 Total Alignmert MAX ABS Diff |
OR | OR
[ SENSOR ALIGNMENT [ SENSOR ALIGNMENT
Landmark  |Degreed DAS Difference Landmark  |Degreed DAS Difference
From the North 0 From the North 0
From the South 180 From the South 180
From the East 90 From the East a0
From the West 270 - From the West 270 -
Total Alignment MAX ABS Diff I Total Alignment MAX ABS Diff l
OR | OR
[ SENSOR ALIGNMENT [ SENSOR ALIGNMENT
¥ Reference  [Degreed DAS Difference X Reference  [Degreed DAS Difference
0 Align with Ref ()] 0
180 Align with Ref (S)] 180
90 Pem with Ref(E)] 80
270 F erp with Ref (A0 270
Total Alignmert MAX ABS Diff | Total Alignmert MAX ABS Diff |
SENSOR LINEARITY | SENSOR LINEARITY |
Point DAS Difference Point DAS Difference
1 NIA 1 N/A
2 2
3 S
4 4
5 5
B 4]
7 Z
8 g
1 1
MAX Difference MAX Difference
I Starting Threshold TORQUE I Starting Threshold TORQUE
I Torque <= e I Torque <= g-cnj
| Heatersleeve functional? [ Jves [Jno [ Inda |
INOTE S:l
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x
o — AMBIENT TEMPERATURE SENSOR
jﬁ\;t SPECIALISTS VERIFICATION & CALIBRATION
,,_I_,, o - - “hen-Immersble
ABBR. | |
CLIENT | FIELD SPECIALIST DATE
SITE NAME DATE OF LAST VISIT
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
I AT SENSOR REFEREMCE
T ASFouND AS LEFT
Manufacturer Manufacturer
Model Model
Serial Number Serial Number
DATA ACCEPTANCE CRITERIA (==
Ambient Temperature Difference (°() | H#HIA
Temperature (°C) Temperature (°C)
our SID | DAS | Difference v our STD| DAS | Difference v
Average Average
| Aspirator fan functional? [Ldyes [ Ino [ In/A ]
|noTES:
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A.2 Standard Operating’rocedurefor Meteorological SensorAudits
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1.0 ScopeandApplicability

This SOP applies to the quality assurance activities involving the performance evaluations of meteorological
sensorwithinthe2z 5 9 v 1t Aingialitymonitoringnetwork. Meteorologicabuditsare requiredwo (2)

GAYSa LISNI @SFNJILSNI 259vmn!lv5 vitt FYyR Fa NBO2YYSYRSH
{ht RSGIAfTAa GKS LINRPOSRdA:NBa 259vmn!vs5 gAafft GF1S G2 LX
AQD may contract out the audits. If this is tlase, the Contractor may have their own SORtiow.

Meteorologicaimeasurementgncompassvarietyof differenttypesof instrumentationand techniques. For
this SOP and supporting documents, meteorological sensors include:

Windspeed
Winddirection
Verticalwind speed
Ambienttemperature
DeltaTemperature
Relativehumidity
BarometricPressure
SolarRadiation
Precipitation

E R N R

1.1 Introduction

Auditsare performedwith independentequipmentandpersonnelfrom datagenerationFor2 59 v ! v5 %
the QA Coordinator or designated Contractor will travel to the site location with independent equiponent
performthe audit. Theauditis performedby usingcertified meteorologicakquipment.

It isarequirementfor meteorologicakensordo be auditedtwice ayear.

2.0 Summaryof Method

CKA&d YSUK2R A& F2NJ dzaS F2NJ FdZRAGAY3 259vm!v5 YSGS21
include wind speed, wind direction, vertical wind speed, ambient temperatute&@(2) meters anden

(10) meters,deltatemperature relativehumidity,solarradiation,barometricpressure stationtemperature,

and precipitation. These parameters will be audited twice a year.

2.1  Definitions
Thefollowingtermsthat are usedthroughoutthis documentare definedhere:

1 NISTThisacronymrefersto the Nationallnstitute of StandardsandTechnologyThisisa
laboratory in Washington D.C. that creates standards for instruments and materials for
A2PSNYYSyild yR y2yn I20SNYyYSydart SyadAadisSa +yR |
create international standards. This is performed so that a value ofDriking in data
collected anywhere in the world or U.S. is comparable to the same information collected
somewhere else.
NISTTraceability:Thisterm refersto ad G NJ- y6faFtahddidor techniquethat allowsthe
known standardization of one material or instrument to another. For example with sulfur
dioxide, this is done by using sulfur dioxide gas that has been tested by a NIST traceable
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instrument and therplaced into a compressed gas aluminum cylinder. In addition, the flow
rates of the mass flow calibratigMFCunit isalsocalibratedusingNISTiraceableflow
devicessothat the operatorin the fieldwill knowthe levelof gasthat is beingdelivered
within aknownlevelof confidenceAll3 | 8 S2dza FylFf el SNBA 6AGKAY GKS 25
NIST traceable.
Horizontal Wind Speed+orizontal wind speed sensors commonly utilize a cup or propeller
assemblyturningon eitheraverticalor horizontalaxis.Theaerodynamicshapeof the cups
converts the wind pressure into torque. This will turn a shaft which is supported by low
friction, precision bearings. The shaft rate of rotation is converted to wind speed by the use
of a transducer. Ideally, there is a linear relation between rate aitroh and wind speed,
above the starting threshold. Please note that because no bearings aferflésts, there is a
finite amount of wind, albeit very low, which is needed to start the anemometer to begin to
move. This amount of wind is known as the starting threshold. An audit on this sensor
LINE A RS& LIKe&aAOlf @SNR Wgtoresiolddas nal dhanged, ornsy G K S
0St2¢6 GKS AyaidNHzySyid YI ydzFdand2jittzdaddieeis a G 6§ SR a
properlyconvertingcuprate of rotation (rpm)to wind speed.For soni@anemometer
systemsare basedon the principlethat wind changeghe transittime of asound pulse across
a fixed distance. Sonic systems can be designed irfZygbmensions for horizontal wind
speedanddirectionasareplacementfor the cupandvaneor propellerunits,or in three
dimensions for both horizontal and vertical wind measurements. The measurement
principle is based on the disturbanoéthe windsbetweenthe ultrasonicemitter andthe
receiver.Theemitter sendsout an ultrasonigulsethat isreceivedby thesensor Asthe
wind perturbsthis pulse wavethe sensorcan detecthe difference between calm winds
and windsmoving between thesensor and emitterThis disturbance is proportional to the
wind speed and direction. Note that there are no mechanical components to sonic
anemometers; therefore, there is no starting threshold.
Vertical Wind SpeedThe vertical wind speed sensor employs a helicoid four blade
propeller. A miniature tachometer/generator produces an analog DC voltage proportional to
the axial wind component. When propeller rotation reverses, signal polarity reverses. This
produces a |us (+) or minug ditectionof rotation. Performanceauditsverify starting
thresholdasstatedin the previous paragraph, rpm to wind speed conversion, and proper
signal polarity reversal. Ideally, there is a linear relation between rate of rotation and wind
speed, above the starting threshold. Please note that because no bearings are frictionless. A
calibration on this sensor provides physical verification tHati K S & Stgfting NI &
thresholdhasnot changedpriso St 2 ¢ (0 KS Ay a i NHzY Sstartiny I y dzF I O dzNB NI
thresholdand2)the transduceris properlyconvertingpropellerrpmsto wind speed.
Horizontal Wind Direction Wind direction sensors indicate the directifsom which the
wind is blowing. The wind direction is expressed as an azimuth angle on a 360° circle where
0° or 360° indicates North (usually True North) and 180° indicates South. Wind direction
sensors use a tail assembly positioned on a vertical shafétect wind direction. Wind
applies a force to the tail assemldfthe sensorforcingthe assemblyto turn into the wind
seekinga positionof minimum force The shafof the sensorrestson low friction precision
gradebearingsandis connectedto a low torque potentiometer. The potentiometer yields a
voltage output proportional to the wind directioffhestartingthresholdof the sensoris
controlledbythe relationshipof shape size,and distance from the axis of rotation of the tall
assembly to the vertical shaft, bearings, and potentiométegue requirements.Sonic
anemometersandetectwind directionaswell dueto the design of the systems. As the
sensor is producing ultrasonic pulses from the emitters, it can estimate not only speed but
direction as well.
Ambient Temperature For air quality applications, ambient temperature is measured with
a temperature probe. The probes can be thermistor, resistance temperature detector (RTD),

QX
-
- <
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or thermocoupleTheprobeto be auditedshouldbe locatedin aradiationshieldwhich
protectsit from the effects of solar heating and wind variations.
1 DeltaTemperature:AlsoknownasdeltaTé n €ooakquality applicationsdeltatemperature
is measured with two temperature probes at different heights. The utility of this is to
ascertain whether air is rising or falling. This information can go into dispersion models used
to track movement of vertical movement of air.
1 Relative humidity:RH is the ratio of the existing amount of water vapor in the air at a given
temperatureto the maximumamountthat couldexistat that temperature.Thisvalueis
usually expresseith percentrelative humidity (%RH)whichisavariableparameterwhichis
affectedby atmosphericonditionsduringits measurementCapacitivesensorssenseRH
utilizinga strip of metal between an electrical current. The metal strip electrical capacity
(i.e., voltage) changes linearly with the RH.
1 Barometric pressureBP measurements can be used in modeling and can be used to correct
an ambienimeasuremento standardconditions(298Kand760millimetersof mercury).BP
sensors use pressuteansducers whiclransformthe sensoresponsento I LINB & & dzNB
relatedelectrical.
1 Solar RadiationSolar radiation is related to atmospheric stability and is commonly
described in units of energy flux: Watisr square metefW/m?). A pyranometer measures
sun and sky radiation on a horizontal surface. Most pyranometers incorporate a thermopile
sensor; however, a silicon photovolt&iellcanalsobe used.Thenet radiometermeasures
the differencebetweendownward (solar) and upward (terrestrial) radiation.
 Precipitatony t NEBOALAGFGA2Y A& RSTAYSR axX adKS G20l ¢
the ground in a stated period is expressed as the depth to which it would cover a horizontal
LINEP2SOlGA2y 2F (GKS SIFNIKQa adaNFI OSndiany G KSNBE ¢ SNB
LI NI 2F GKS LINBOALRKRGIGAZ2Y FrHEfAY3a &a ayz2é6 2N AC
the principle of a tippingpucketgauge Afunneldirectsprecipitationto asmallinlet that
directswater overtwo equal compartmentspr buckets that tilt in sequencewith each
representingaknownguantity of rainfall. Themotion of the bucketscauses amlectrical
switchto closeandthe numbersof tipsare counted.

3.0 Healthand SafetyWarnings
Thefollowinghealthandsafetywarningmustbe followedin order for safeoperationof the instrument.

1 Manymeteorologicainstrumentsare mountedon boomson towersthat canrangebetween
ten (10), twenty 0) or eventhirty (30) metersin height.It is stronglyrecommendedhever
climbtowers unlessyou aretrained to climb.Falling off ofa tower even a few meters from
the ground can cause injury or even death. All instruments on the towers must be lowered
in order to safely perform audits, calibrationsraintenance.

1 Mostmeteorologicainstrumentsoperateonlow direct current(DC)oltage.Usually this
voltageis also low in amperes (amps). However, some instruments have heaters that may
have 110 volts alternating current (AC) that can shock or even cause death in some
circumstances. It is important that each station technician know and understand whether or
not the system they are working is powerbg DCor ACcurrent.Inaddition,if aninstrument
hasii g 2 mwirS, thiRmeansthereisno ground on the instrumenBe careful not to ground
the instruments if performing troubleshooting as this can damage electronic components.

1 Ifworkingwith anyglassdevicessuchasburettesor flasks,usecautionto not breakthem.

1 Avoidelectricalcontactwith jewelry.Removeings,watches bracelets andnecklaceso
prevent electrical burns.
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4.0 Cautions

1 Alwaysobtainthe orientationof the instrumentboombeforeyoulowerthe tower. Thiscan
be done using a GPS device that shows position and direction.

1 ltisrecommendedhat awinchandcablesystembeinstalledto lowerthe tower.

1 Somemeteorologicatowerscanbeveryheavy. Itisrecommendedhat two (2)or three (3)
peoplebe available to lower towers on a tripod badeo not drop the tower.This can
damage the instruments on the top boom or bend the tower.

1 Alwaysguythe meteorologicatower. High,consistenbor gustywindscandamageor even
knock over a tower that is not guyed.

4.1 Interferences

Donot placesolarradiationsensorsn locationwherea shadowmaycrossoverits sensor.Thiswill cause
false reading and the data will need to be invalidated.

5.0 PersonnelQualifications

LG Aa GKS NBalLRyaAoAfAGe 2F 259vmn!lv5 2N GKS [/ 2y (NI ¢
andmaintenance. It is eequirement ofthe2 5 9 v ! v 5 { 2staffiaNd kkeyp recofdSall thilning

that is performed.Althoughmeteorologicalnstrumentsared S f T 1t O 2hgréisaleyelDFkBEowledge of

St SOGNRYyAOA YR (y26nK2g Ay@2f @SR Ay ThekrStruddniS NI G A 2y
manual is the best training tool for this.

6.0 Equipment
Thefollowingsuppliesarerequiredfor the operationof this instrument:

1 WindspeedR.M.YoungSelectabléSpeedAnemometeDriveandR.M.Youngorque disk

1 Winddirection:Brutoncompasdo determinethe alignmentof the sensorR.M.Youngvane
Angle Bench Stand.

1 Ambienttemperature:NISTraceablethermometer,potablewater,ice,heatingelementand

thermally isolating container.

DeltaTemperatureNISTiraceablethermometer,potablewater, ice,heatingelementand

thermally isolating container.

RelativeHumidity: NISTiraceabletemperature/RHsensor a datalogger,aspirationshield.

BarometricPressurelNISTiraceablealtimeter

SolarRadiation:NISTiraceablesolarradiation pyranometer

Precipitation:1000mLdrip bottle andwater

=

E R N

6.1  InspectionfAcceptanceof Suppliesand Consumables

Sparepartswill be purchasednly from the instrumentationmanufacturerby the QACoordinator Parts will

be inspected by the QA Coordinator for shipping damage upon receipt. Spare parts will be kept in the
259vm!v5 g2N] akKz2L)] F2NJ dzaS 6KSYy ySSRSR® 2AyR &LISSR |
probe,andthermometerswill be sentoff for annualcertification.Solarsensorswill be sentoff every two(2)

years for certification.
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7.0 Quality AssurancdProcedures
Auditsarerequiredto be performedat aminimumoftwice ayearperz 5 9 v 11! Mete6@@ogicalQAPP.

The audits are performed by challenging the sensor with known parameters or by collocation. The
procedurefor eachsensorislistedin this section.Onallauditforms,recordthe site sensotinformation
includingthe make/model/serial number. Fahe audit formsijt is necessaryo selectthe sitetype on the

Site Verification/Audit Standards Form. This will populate the acceptance criteria for each parameter. All
SPM stations will be PSD site and Cheyenne NCore will be an NCore site.

7.1 SolarSensorAudit

1. Collocatecat leastone (1) audit solarsensormwith the site sensorThiscan be done by

placing the audisensordirectly nextto the site sensorrelocatingthe site sensomextto the
auditsensor, or placing the audit sensor(s) within reasonable distance to the site sensor.
Thepositioning of sensor(s) should minimize the effect of any local interference or
obstructions.

Makesurethe audit sensor(s)slevelandclean.

Connecthe auditsensor(sjo the auditdatalogger.

Inspectthe sitesensorto checkif it iscleanandlevel.Noteon auditform.

Recordhourly averagedor the site andthe audit sensor(s)Recordon audit form.

abrwn

7.2  RelativeHumidity Audit

1. Noteif site hasanactiveor passiveaspirationshield.
a. Ifsitehasapassiveaspirationshield,attachauditaspirationshieldandinsertRH
probe as close as possible to the site sensor.
b. If sitehasanactiveaspirationshield,try to collocatethe sensorsaasbestaspossible,
under similar conditions.
Connecthe audit RHprobeto the auditdatalogger.
3. Recorchourlyaveragedor the site andthe audit sensor(s)Recordon audit form.

N

7.3 BarometricPressureAudit

=

Holdaudit standardascloseto site sensorRecordhe auditbarometricpressurevalue.
2. Onthe site DASrecordthe site barometricpressurevalue.Converithis to mmHgif necessary.

7.4  PrecipitationGaugeAudit

1. Make notation in station logs and/or flag the precipitationchannelini K S 2dama A i S
logger indicating performance audit.

Check starting value for the precipitation channel. If greater than 0.0 note the

starting precipitation value.

Filldrip bottle to 2000mL.

Takelargescreenout of the precipitationgaugej|f it isin the gauge.

Letbottle drip until empty.

Checkhe appropriateboxfor the make/modelof the precipitationgaugeon the auditform.
Enterthe DASraluein mmwhenall water hasbeenintroducedto the gauge. Converalue

from inches to mm if necessary.

n

o0k w
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7.5  WindDirectionAudit

1. SensoAlignment
a. Makenotationin stationlogsand/or flagthe wind directionchanneinthe2 y ma A G S
datalogger indicating performance audit.
b. Determinethe magneticdeclinationof magneticnorth from true north using
one of the following methods:
i. ApprovedSolarAzimuthapplicationsonyoursmartphone
ii. NationalGeomagnetisnProgranfrom the
USGS8vebsite
(shttps://geomag.usgs.gov/models)
ii. NationalCenters for Environmental
Informationweb site
(https://www.ncei.noaa.govy
iv. U.SNavyObservatorywebsite (https://www.cnmoc.usff.navy.mil/usnoj
c. Setuptripod andaffixcompassr transitat the samelocationwherealignment
checkswill be performed (care shoulge taken to ensure théocation is freeof
nearby interferences such as buried wires or pipes, buildings, cell phones, belt
buckles, or other ferroumaterials).
d. Adjustthe compas®r transitto matchthe azimuthor declinationdetermined.
e. Rotatecompas®rtransitto alignthe crosshairshroughtne O N2 & &rrt I NJY
alignmentrod of the wind direction sensor.
f.  Enteralignmentresultsin the auditform.
2. Sensotinearity
a. Usethe appropriatelinearitytest assemblyfor the sensomunderaudit.
i. RMYoungsensorgenerallyuseeitherRMYoungModel 181120r 18212
i. Climatronicsensorsiseay Tt LJ2 a\AsbriMackiningdisc
b. Cyclethe testassemblythroughnine (9)45°increments.
c. Enterresultsin auditform.
3. StartingThreshold/Torque
a. Whilesensolisonthe linearitytemplateandlevelonthe ground,releasethe tail
suchthat it is freely moving. Install the torque disc on the sensor shaft.
b. Notethe weightsizeanddistancefrom centerwhenthe shaftfirst turns (torque).
c. NOTEthistestisextremelydifficult whenwindy.

7.6  Wind SpeedAudit

1. WindSpeed

a al 1S y20F0A2y Ay aidladAaz2y t23a FyRk2N Ffl 3
logger indicating performance audit.

b. Ontheauditform, selectthe manufacturerandmodelof the sensorandmeasured
units. This will populate the motor speed targets.

c. Removehe propellerfor the site monitor andattachthe variablespeed
anemometerto the sensor shaft input.

d. Setthe anemometerdriveto the slowestmotor speedfrom the auditform andallow
to stabilize.

e. Recordhe resultsfrom the DASn the auditform.

f. Repeatwith the other motor speeddistedon the auditform.

2. StartingThreshold/Torque
a. Installthe torque disconthe sensorshatt.

0 K


https://geomag.usgs.gov/models)
https://www.ncei.noaa.gov/
https://www.ncei.noaa.gov/
https://www.cnmoc.usff.navy.mil/usno/
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b. Holdthe sensorsuchthat the shaftis paralleto the ground.
c. Notethe weightsizeanddistancefrom centerwhenthe shaftfirst turns (torque).
d. Enterthe valuein the auditform.
3. VerticalWind Speed
a. Followthe sameprocessaboveusingalow speedwind anemometer.
b. Motor speedswill betestedclockwiseandcounterclockwise.

7.7  Ambient Temperatureand Delta Temperature Audit

1. Makenotationin stationlogsand/or flagthe temperaturechannelsanddeltatemperature
OKIFyySt Ay GKS 2ymaiaidsS RFEGF f233SNIAYRAOFGAY 3T L
2. Prepare threq3) different water baths in an insulated thermos: ice bath, ambient bath
OdmpmHp ¢/ 0O FYR I KAIK N}YQy3S o6FGK odY9nnmpn c/ 0d
traceable digitathermometer.
3. Remove the temperature probe(8pm the aspirator(s) and check the fans for proper
operation and flow.
4. Place the probe(s) in the first water bath along with an audit standard. Be sure not to
submerge thesensitive componentsf the sensorsAgitatethe water bath until the values
indicatedonthe DAS and audit standard stabilize.

5. Recordneasurement®n the audit form.
6. Repeafor the othertwo (2) water baths.
7. If there are multiple probes, verify the channels and check that the delta temperature is

being calculated correctly.
7.8 Station Temperature Audit
1. Using an audit standard, collocate with the station temperature probe. Once audit standard

is stable, record the temperature and the station temperature from the DAS on the audit
form.

8.0 References

1. EnvironmentaProtectionAgency2000,MeteorologicaMonitoring Guidancdor
wS3dzf  §2NE a2RStAy3 ! LI AOIFIGA2YyaXT 9t! mnpnkwmd
https://www.epa.gov/sites/default/files/202810/documents/mmgrma_0.pdf

2. Environmental Protection Agency, 2008, Quality Assurance Handbook for Air Pollution
MeasurementSystemsYolumelV.MeteorologicaMeasurementgVersior2.0),9 t | m
NnpnK. Ay T NN ktpsy/evwwepekovisiresidefautbfiles/2021
04/documents/volume_iv_meteorological measurements.pdf



https://www.epa.gov/sites/default/files/2020-10/documents/mmgrma_0.pdf
https://www.epa.gov/sites/default/files/2021-04/documents/volume_iv_meteorological_measurements.pdf
https://www.epa.gov/sites/default/files/2021-04/documents/volume_iv_meteorological_measurements.pdf
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APPENDIX AMeteorological Audit Forms
Site Information
. Audit Verification Standards
Site Name I Auditor Date
Site Type Time of Audit (MST)
Deg Min Sec Decimal
Latitude North
—~CALCULATE->
Longitude West
Manufacturer Model Serial Number Expiration Date
Temperature Reference

AT/RH Sensor Reference

Barometric Pressure Reference

Wind Speed Reference (high rpm)

Wind Speed Reference (lowrpm)
Wind Speed Torque Gauge

Wind Direction Alignment Reference
Wind Direction Linearity Reference

Wind Direction Torque Gauge

Solar Radiation Reference

Multiplier | | wim2/mv
Solar Radiation Reference
Multiplier | | Wim2 / mV
UV Radiation Reference
Multiplier | | wim2/mv
Precipitation Reference
Volume | [ mL

I Notes:
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D @ TEMPERATURE / DELTA-TEMPERATURE SYSTEM AUDIT
ABBR. | |
CLIENT WDEQ-AQD | FIELD SPECIALIST Joe Mazza [ DATE I
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
| Temperature Reference Controll Company 400074001 101477029 12/11/2025
[Manutacturer . sansors
Modol according to
Serial Number helgiit gmtowey,
from highest to
lowest.
Temp. Deltas
CALIBRATION ACCEPTANCE CRITERIA (<=)
Ambient Temperature Difference (°C) 0.5
Vertical Temperature Difference (°C) #NIA
Bath Temp (°C)
[ MAX ABS Difference
MAX ABS Difference
| Each sensor was verified against its data channel? |
Ve | o | WK [T e [ o [ WA
[ e [ % 1 Each Temperature Difference = Upper - Lower? |
es (o]
| [Yes | |No N/A Yes o N/A
I NOTES:
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D @ RELATIVE HUMIDITY SENSOR AUDIT
ABBR. | |
CLIENT WDEQ-AQD | FIELD SPECIALIST Joe Mazza | DATE |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
| RH SENSOR REFERENCE Vaisala HMP155A T1610197 12/10/2025
Manufacturer
Model
|Serial Number
AUDIT CRITERIA (<=)
Relative Humidity Difference (%) I 7%
Relative Humidity (%)
Hour STD DAS Difference
Average
| Aspirator fan functional? |[] Yes [JNo []N/A |
INOTES:
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E @ STATION TEMPERATURE SENSOR AUDIT

ABBR. | I

CLIENT WDEQ-AQD | FIELD SPECIALIST Joe Mazza | DATE | |
SITE NAME
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
|  Ttemperature Reference Controll Company 4000/4001 101477029 12/11/2025
AUDIT CRITERIA (<=)
Temperature Difference (°C) | #N/A
Temperature
Reference (°C) DAS (°c) Difference
|

INOTES:
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