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Section A. Project Management 
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4.0 Project/Task Organization 
 

Since the early 1970s, the Air Pollutant Monitoring Program (APMP) has been committed to monitoring the 
ŀƛǊ ǉǳŀƭƛǘȅ ƻŦ ²ȅƻƳƛƴƎ ǿƛǘƘ ǘƘŜ Ǝƻŀƭ ƻŦ ǇǊƻǘŜŎǘƛƴƎΣ ŎƻƴǎŜǊǾƛƴƎΣ ŀƴŘ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ²ȅƻƳƛƴƎΩǎ 
ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ŎǳǊǊŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎΦ ¢ƘŜ !tat ǇǊƻǾƛŘŜǎ ǘƘŜ ²59vπ!v5 ǿƛǘƘ 
valuable information that allows for determination of future policy considerations. 
 
The ²59vπ!v5 plans, operates, and maintains a number of different types of ambient monitoring stations, 
including National Core (NCore), State and Local Air Monitoring Stations (SLAMS), Special Purpose 
Monitoring Stations (SPMS), Interagency Monitoring of Protected Visual Environment (IMPROVE) 
monitoring stations, and Industrial Monitoring Stations (IMS). 
 
The SLAMS are sited in populated areas to monitor public health and demonstrate compliance with the 
National Ambient Air Quality Standards (NAAQS) but may serve other purposes, such as: 

 

¶ Providing air pollution data to the general public in a timely manner 

¶ Supporting compliance with air quality standards and emissions strategy development 

¶ Supporting air pollution research studies 

 
The SPMS collectively have multiple objectives. These objectives include: 

 

¶ Providing air pollution data to the general public in a timely manner 

¶ Monitoring public health 

¶ Investigating pollutant concentrations downwind of sources 

¶ Determining background pollutant concentrations 
 
Since 2011, the ²59vπ!v5 has operated a fleet of mobile monitoring stations όάƳƻōƛƭŜ ǎǘŀǘƛƻƴǎέύ to 
ƛƴǾŜǎǘƛƎŀǘŜ ǉǳŜǎǘƛƻƴǎ ƻǊ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ŀƛǊ ǉǳŀƭƛǘȅ ƻƴ ŀ ǎƘƻǊǘπǘŜǊƳ ōŀǎƛǎ όǘȅǇƛŎŀƭƭȅ ƻƴŜ ȅŜŀǊύΦ  Additionally, 
ǘƘŜ ²59vπ!v5 ŀŘƳƛƴƛǎǘŜǊǎ ŀƴ b/ƻǊŜ ǎǘŀǘƛƻƴ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ƴŀǘƛƻƴŀƭ ƴŜǘǿƻǊƪ ǘƻ ŜǾŀƭǳŀǘŜ ƭƻƴƎπǘŜǊƳ ǘǊŜƴŘǎ 
in air quality. The IMS are independently operated stations that meet the requirements of their permits. 
!ƭǘƘƻǳƎƘ ²59vπ!v5 Ƙŀǎ ƻǾŜǊǎƛƎƘǘ ŀǳǘƘƻǊƛǘȅ ŦƻǊ ǘƘŜ ǇŜǊƳƛǘπǊŜǉǳƛǊŜŘ ƳƻƴƛǘƻǊƛƴƎ networks, the IMS operate 
as independent Primary Quality Assurance Organizations (PQAOs) under separate AQD and EPA approved 
QAPPs. IMPROVE monitoring stations are also independently operated, where AQD funds the operations 
and analysis through EPA Grants. 
 
The ²59vπ!v5 is committed to quality and the implementation of the procedures and practices found 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 and as 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 customer. The QC system 
includes the operational techniques and activities that are used to fulfill requirements for quality. 
 
Quality control is largely implemented through the QAPP and the standard operating procedures (SOPs). 
Each instrument in the various monitoring programs has unique requirements, statutory standards, and 
support equipment that must be in place in order for the instrumentation to be operated according to the 
guidelines, rules, and policies that must be followed. This QAPP incorporates the unique qualities that are 
ǎǇŜŎƛŦƛŎ ǘƻ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ǘƘŜ ²59vπ!v5 ƴŜǘǿƻǊƪΦ 

 
LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ²59vπ!v5 ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳ ǊŜǉǳƛǊŜǎ ŀƴ ƛƴǾŜǎǘƳŜƴǘ ōȅ ǘƘŜ ŜƴǘƛǊŜ ƳŀƴŀƎŜƳŜƴǘ 
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ǘŜŀƳ ŀƭƭ ǘƘŜ ǿŀȅ ǘƻ ǘƘŜ !ƛǊ tƻƭƭǳǘƛƻƴ aƻƴƛǘƻǊƛƴƎ tǊƻƎǊŀƳ aŀƴŀƎŜǊΦ ²59vπ!v5 ƳŀƴŀƎŜƳŜƴǘ ǊŜŎƻƎƴƛȊŜǎ 
and accepts this responsibility to identify the QA requirements that will meet the needs and expectations of 
the monitoring program. Any worthwhile monitoring program focuses on preventing quality problems. 
 
Since the ²59vπ!v5 has an overarching Quality Management Plan (QMP) in place, this and all QAPPs will be 
ƳŀƴŘŀǘŜŘ ōȅ ǘƘŜ ²59vπ!v5 vatΦ ¢ƘŜ vat ŘŜǎŎǊƛōŜǎ ǘƘŜ ǉǳŀƭƛǘȅ ǎȅǎǘŜƳ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ 
structure, functional responsibilities of management and staff, lines of authority, and required interfaces 
for those planning, implementing, assessing, and reporting activities involving environmental data 
operations. 
 
¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎǳōπǎŜŎǘƛƻƴǎ ŘŜǎŎǊƛōŜ ǘƘŜ ǇǊƻƧŜŎǘ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀƴŘ ǊƻƭŜǎ ŀƴŘ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƻŦ ŜŀŎƘ 
participant. Figure 1, which is in the last portion of this section, illustrates that management structure. 

 

4.1 Air Pollution Monitoring Program Manager 
 

The APMP Manager has overall responsibility for managing the ²59vπ!v5 according to WDEQ policy. The 
direct responsibility for assuring data quality rests with line management. Ultimately, the APMP Manager is 
responsible for establishing QA policy and for resolving QA issues identified through the QA program. 

 
Major QA related responsibilities of the APMP Manager include: 

 

¶ Participating in the budget and planning processes. 

¶ Assuring that the ²59vπ!v5 develops and maintains a current and germane quality system. 

¶ Assuring that the ²59vπ!v5 develops and maintains current QAPPs. 

¶ Assuring adherence to the QA documents by staff and, where appropriate, other extramural 
cooperators establishing policies to ensure that QA requirements are incorporated in all 
environmental data operations. 

¶ Maintaining an active line of communication with the APMP Supervisor, QA Coordinator, and 
Project Managers conducting management systems reviews. 

 
The ²59vπ!v5 APMP Manager delegates the responsibility of QA development and implementation in 
ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ²59vπ!v5 ǇƻƭƛŎƛŜǎΦ hǾŜǊǎƛƎƘǘ ƻŦ ǘƘŜ ²59vπ!v5ϥǎ v! ǇǊƻƎǊŀƳ ƛǎ ŘŜƭŜƎŀǘŜŘ ǘƻ ǘƘŜ 
Quality Assurance Coordinator. 

 

4.2 Air Pollution Monitoring Program Supervisor 
 

The ²59vπ!v5 APMP Supervisor is the delegated manager of the routine monitoring programs, which 
includes the QA/QC activities that are implemented as part of normal data collection activities. 
 
Responsibilities of the APMP Supervisor include: 
 

¶ Communicating with EPA Project Officers and QA Personnel regarding sampling and quality 
assurance activities. 

¶ Understanding EPA monitoring and QA regulations and guidance to ensure subordinates 
understand and follow the regulations and guidance. 

¶ Understanding the ²59vπ!v5ϥǎ QA policy and ensuring subordinates do as well. 

¶ Understanding and ensuring adherence to the QAPP. 

¶ Reviewing acquisition packages (contracts, grants, cooperative agreements, and interagency 
agreements) to determine the necessary QA requirements. 

¶ Developing budgets and providing program costs necessary for EPA allocation activities. 
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¶ Ensuring that all personnel involved in environmental data collection have access to any 
training or QA information needed to be knowledgeable in QA requirements, protocols, and 
technology. 

¶ Certifying to EPA that data are true, correct, and reported to EPA per Title 40 Code of Federal 
Regulations (CFR) Part 58.151. 

 

4.3 Quality Assurance Coordinator 
 

The QA Coordinator is the delegated manager of the ²59vπ!v5ϥǎ QA Program. The QA Coordinator has 
direct access to the Administrator, APMP Manager, and APMP Supervisor on all matters pertaining to QA. 
The QA /ƻƻǊŘƛƴŀǘƻǊΩǎ main responsibility is QA oversight and ensuring that all personnel understand the 
²59vπ!v5ϥǎ v! ǇƻƭƛŎȅ ŀƴŘ ŀƭƭ ǇŜǊǘƛƴŜƴǘ 9t! v! ǇƻƭƛŎƛŜǎ ŀƴŘ ǊŜƎǳƭŀǘƛƻƴǎ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜ !tatΦ The QA 
Coordinator provides technical support and reviews and approves QA products. Responsibilities include: 

 

¶ Developing and interpreting ²59vπ!v5 QA policy and revising it as necessary. 

¶ Developing a QA Annual Report for the Administrator. 

¶ Assisting Contractors and Project Managers in developing QA documentation and in providing 
answers to technical questions. 

¶ Ensuring that all personnel involved in environmental data operations have access to any 
training or QA information needed to be knowledgeable in QA requirements, protocols, and 
technology. 

¶ Ensuring that environmental data operations are covered by appropriate QA planning 
documentation (e.g., QAPPs, data quality objectives, etc.). 

¶ Ensuring that reviews, assessments, performance evaluations, and audits are scheduled and 
completed and, if needed, conducting or participating in QA activities. 

¶ Tracking the QA/QC status of all programs. 

¶ Recommending required ƳŀƴŀƎŜƳŜƴǘπƭŜǾŜƭ corrective actions. 

¶ Uploading QA/QC data to the 9t!Ωǎ Air Quality System (AQS), which is the National database 
for all air pollution and meteorological data. 

¶ Serving as the program's QA liaison with EPA Regional QA Managers or QA Officers and the 
Regional Project Officer. 

 
The QA Coordinator has the authority to carry out these responsibilities and to bring to 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 Project Managers 
 

Project Managers are responsible for project coordination; oversight of contractor activities; maintaining the 
official, approved QAPP; and QAPP distribution. Responsibilities include: 

 

¶ Ensuring the ŘŀȅπǘƻπŘŀȅ operation and upkeep of all monitors are maintained. 

¶ Overseeing data processing, reporting, and assuring data collection are performed in a timely 
fashion. 

¶ Understanding EPA monitoring, QA regulations and guidance, and ensuring Contractors, 
Monitoring Specialists and Site Operators understand and follow those standards. 

¶ Understanding ²59vπ!v5 QA policy and ensuring subordinates understand and follow the 
policy. 

¶ Understanding and ensuring adherence to the QAPP as it relates to program support activities. 

¶ Participating in the development of data quality requirements with the appropriate QA staff. 
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¶ Writing and modifying QAPPs and SOPs. 

¶ Verifying that all required QA activities were performed and quality standards were met as 
required in the QAPP. 

 

4.5 Monitoring Specialists 
 

The field personnel, either ²59vπ!v5 or contractor are responsible for carrying out required tasks and 
ensuring the data quality results of the tasks by adhering to the guidelines and protocols specified by the 
QAPP and SOPs for the field activities. Responsibilities include: 

 

¶ Participating in the implementation of standards, as laid out in the QAPP. 

¶ Keeping ǳǇπǘƻπŘŀǘŜ in training and certification activities. 

¶ Verifying that all required QA activities are performed and quality standards are met (as 
required by the QAPP). 

¶ Following manufacturer specifications for any equipment used. 

¶ Documenting deviations from established procedures and methods. 

¶ Thoroughly document and keep all routine maintenance activities performed at the stations 
and all problems and report corrective actions to the Site Operator and Project Manager. 

¶ Preparing and delivering reports to the Project Manager. 

¶ Reviewing data and assessing and reporting on data quality. 
 

4.6 Site Operators 
 

The Site Operators visit the monitoring station once a month. The Site hǇŜǊŀǘƻǊΩǎ role is to do routine 
maintenance on the monitoring station and instrumentation. For the purpose of this meteorological QAPP, 
ǘƘŜ ²59vπ!v5 aƻƴƛǘƻǊƛƴƎ {ǇŜŎƛŀƭƛǎǘ Ŏŀƴ ǇŜǊŦƻǊƳ ǘƘŜ ŘǳǘƛŜǎ ƻŦ ǘƘŜ {ƛǘŜ hǇŜǊŀǘƻǊΦ Responsibilities include: 

 

¶ Change ƛƴπƭƛƴŜ filters on the continuous instruments (monthly). 

¶ Perform unexpected tasks such as running a manual calibration (if necessary after a repair). 

¶ Replace electronic or pneumatic components at the direction of a Contractor or Project 
Manager. 

¶ Reporting all problems and corrective actions to the Contractor or Project Manager. 

¶ Thoroughly documents all activities performed at a station and reports activities and results 
to the Contractor and Project Manager. 

¶ Assessing and reporting on data quality. 
 

4.7 Data Manager 
 

The Data Manager reports to the APMP Manager and is in charge of the WyVisNet website and the AirVision 
data management system, which runs WyVisNet. Responsibilities include: 

 

¶ The Data Manager is in charge of uploading data to the 9t!Ωǎ Air Quality System (AQS), which 
is the National database for all air pollution and meteorological data 

¶ Ensures data are moved to/from the IMPACT system and shared drives per our WDEQ 
Records Management Plan. 

¶ Performs data queries within the central database in Cheyenne headquarters. 

¶ Works with the vendors that supply and maintain the WyVisNet software system. 

¶ Performs data analyses as described in Sections 22 and 23 of this QAPP. 
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Please note that an annual review of the QAPP will be performed and, if no changes are needed, the 
²59vπ!v5 will document that no changes were necessary. If changes are required, revised pages with the 
revisions will be inserted/changed, revisions will be tracked, and a new revision number will be assigned to 
the document. 
 
Figure 1 on this page illustrates the organization structure for the ²59vπ!v5Φ For a list of project 
participants, please see Appendix B. 

 

 
Figure 1.  WDEQ-AQD Organization Chart
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5.0 Problem Definition/Background 
 

This QAPP pertains strictly to the collection and analysis of meteorological measurements within the 
²59vπ!v5 bŜǘǿƻǊƪ ŀƴŘ ŘŜǘŀƛƭǎ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎƛŜǎ ǘƻ ŜǎǘŀōƭƛǎƘ ǇǊŜŎƛǎŜ ŀƴŘ ŀŎŎǳǊŀǘŜ ƳŜǘŜƻǊƻƭƻƎȅ 
measurements at all stations within the ²59vπ!v5 network, regardless of the type of monitoring that is 
performed. 
 
The objective of the meteorology monitoring network is to provide the necessary information for 
developing a representative set of meteorological parameter data that supports the air quality data sets and 
be capable of delineating differences among geographical and climatological regions. The meteorological 
data are used to characterize and support trends in air quality and air quality ǎǘŀƴŘŀǊŘǎΩ ŎƻƳǇƭƛŀƴŎŜΣ ŀƴŘ 
may be used for national health assessments and model evaluations. The procedures outlined in this QAPP 
have been developed to meet the goals and objectives of the monitoring projects. Revisions to the QAPP are 
made, as necessary, to reflect changes to the regulations or goals of the monitoring project. As a minimum, 
the QAPP is reviewed annually and revisions are made as necessary. 
 
/ǳǊǊŜƴǘƭȅΣ ²59vπ!v5 ƳŜŀǎǳǊŜǎ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ŀǘ seventeen (17) monitoring stations. Hourly 
meteorology readings from a monitor are collected to support the ambient air monitoring networks, both in 
support of the NAAQS pollutants and other monitoring data. 
 
Below is Figure 2, which illustrates the current 2025 ²59vπ!v5 Monitoring Stations. As can be seen from 
this map, the air monitoring network covers the entire State. 

  



WDEQ AQD QAPP for Meteorological Parameters 
Revision 4, November 2025 

Section 5 
Page 15 of 113  

 

Figure 2.  WDEQ-AQD Meteorological Site Locations, 2025 

 

5.1 Supporting Documentation 
 
The information collected for this monitoring program will meet the requirements as found in the following 
documents: 

 

¶ Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II: Ambient Air 
vǳŀƭƛǘȅ aƻƴƛǘƻǊƛƴƎ tǊƻƎǊŀƳΣ 9t!πпрпκ.πмтπллмΣ WŀƴǳŀǊȅ нлмт2 

¶ Technical Assistance Document For Precursor Gas Measurements in the NCore aǳƭǘƛπ
tƻƭƭǳǘŀƴǘ aƻƴƛǘƻǊƛƴƎ bŜǘǿƻǊƪΣ ±ŜǊǎƛƻƴ пΣ 9t!πпрпκwπлрπлло {ŜǇǘŜƳōŜǊ нллр3 

¶ Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IV: 
aŜǘŜƻǊƻƭƻƎƛŎŀƭ aŜŀǎǳǊŜƳŜƴǘǎΣ 9t!πпрпκ.πлуπллнΣ aŀǊŎƘ нллу4 

¶ Technical Assistance Document for Sampling and Analysis of Ozone Precursors for the 
Photochemical Assessment Monitoring Stations Program, 9t!πпрпκ.πмфπллпΣ April 20195 

 
The guidance documents presented in the list above are to be followed for this monitoring program and are 
intended to ensure that data and technical information that are measured are of documented and 
appropriate quality and usability. 
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6.0 Project Task Description 
 

6.1 Meteorology Measurements 
 

Meteorological measurements encompass a variety of different types of measurements. For this QAPP and 
supporting documents meteorological measurements are: 

 

¶ Wind speed, scalar or average 

¶ Wind direction, scalar or average 

¶ Vertical wind speed 

¶ Ambient temperature 

¶ Delta Temperature 

¶ Relative humidity 

¶ Barometric Pressure 

¶ Upper Air Boundary Layer (Ceilometry) 

¶ Solar Radiation, and 

¶ Precipitation 
 

In addition, there are several sets of data that are calculated from the wind speed and direction data, 
collected and stored. These are: 

 

¶ Sigma Theta 

¶ Wind speed vector 

¶ Wind direction vector 
 
The Sigma Theta and vector data are calculated by the Data Acquisition System (DAS) on ƻƴŜπǎŜŎƻƴŘ 
ƛƴǘŜǊǾŀƭǎΣ ǘƘŜƴ ŀǾŜǊŀƎŜŘ ǘƻ мπƳƛƴǳǘŜ ŀƴŘ ƘƻǳǊƭȅ ŀǾŜǊŀƎŜǎ όŀǘ ŀ ƳƛƴƛƳǳƳύΦ CƻǊ ŀ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ Ƙƻǿ ǘƘŜǎŜ 
parameters are calculated, please see the 9t!Ωǎ Handbook on Meteorological Measurements4. 

 

6.2 Sampling Frequency 
 

Data from the meteorology instruments are sampled every second by the DAS. The DAS then stores the data 
ƛƴ мπƳƛƴǳǘŜ ŀƴŘ ƘƻǳǊƭȅ ƛƴŎǊŜƳŜƴǘǎ όŀǘ ŀ ƳƛƴƛƳǳƳύΦ ¢Ƙƛǎ Řŀǘŀ ƛǎ ǘƘŜƴ ǘǊŀƴǎƳƛǘǘŜŘ ƻǊ ǊŜǾƛŜǿŜŘ ōȅ ²59vπ
ADQ or Contractor staff on a defined interval to the central location in Cheyenne. 

 

6.3 Project Schedule 
 

Personnel working on this project are fully qualified, trained, and capable to perform their assigned duties. 
Work schedules include: daily data review, ǎŜƳƛπŀƴƴǳŀƭ meteorological equipment calibrations, quarterly 
data reports within sixty (60) days of quarter completion, annual reports within ninety (90) days of year 
completion, and maintenance and corrective action. 
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6.4 Project Reports 
 

Table 2 presents the reports that will be produced as part of this project. 
 

Table 2.  Project Reports 

wŜǇƻǊǘǎ CǊŜǉǳŜƴŎȅ /ƻƴǘŜƴǘ wŜǎǇƻƴǎƛōƭŜ tƻǎƛǝƻƴ 

vǳŀǊǘŜǊƭȅ 5ŀǘŀ wŜǇƻǊǘǎ vǳŀǊǘŜǊƭȅ 

{ǳƳƳŀǊƛȊŜǎ Řŀǘŀ 
ŦƻƭƭƻǿƛƴƎ 9t! 

ƎǳƛŘŜƭƛƴŜǎΣ ƛƴŎƭǳŘŜǎ 
ŀŎŎǳǊŀŎȅ ŀƴŘ ǇǊŜŎƛǎƛƻƴ 

/ƻƴǘǊŀŎǘƻǊ ǿƛǘƘ ǊŜǾƛŜǿ 
ōȅ tǊƻƧŜŎǘ aŀƴŀƎŜǊ 

!ƴƴǳŀƭ 5ŀǘŀ wŜǇƻǊǘ !ƴƴǳŀƭƭȅ 
{ǳƳƳŀǊƛȊŜǎ Řŀǘŀ 
ŦƻƭƭƻǿƛƴƎ 9t! 
ƎǳƛŘŜƭƛƴŜǎ 

/ƻƴǘǊŀŎǘƻǊ ǿƛǘƘ ǊŜǾƛŜǿ 
ōȅ tǊƻƧŜŎǘ aŀƴŀƎŜǊ 

tŜǊŦƻǊƳŀƴŎŜ !ǳŘƛǘ 
wŜǇƻǊǘǎ 

{ŜƳƛπŀƴƴǳŀƭƭȅ 
{ǳƳƳŀǊƛȊŜǎ ŀǳŘƛǘ 
ǊŜǎǳƭǘǎ ŦƻƭƭƻǿƛƴƎ 9t! 

ƎǳƛŘŜƭƛƴŜǎ 

²59vπ!v5 v! 
/ƻƻǊŘƛƴŀǘƻǊ ƻǊ 

/ƻƴǘǊŀŎǘƻǊ ǿƛǘƘ ǊŜǾƛŜǿ 
ōȅ tǊƻƧŜŎǘ aŀƴŀƎŜǊ 

/ƻǊǊŜŎǝǾŜ !Ŏǝƻƴ 
wŜǇƻǊǘǎ 

!ǎ bŜŜŘŜŘ 

{ǳƳƳŀǊƛȊŜǎ ŎƻǊǊŜŎǝǾŜ 
ŀŎǝƻƴǎ ǘŀƪŜƴ ǘƻ ǊŜǘǳǊƴ 
ǘƘŜ ƳƻƴƛǘƻǊƛƴƎ ǎǘŀǝƻƴ 
ǘƻ ŎƻƳǇƭƛŀƴǘ ǎǘŀǘǳǎ 

/ƻƴǘǊŀŎǘƻǊ ǿƛǘƘ ǊŜǾƛŜǿ 
ōȅ tǊƻƧŜŎǘ aŀƴŀƎŜǊ 

wŜǎǇƻƴǎŜ ǘƻ /ƻǊǊŜŎǝǾŜ 
!Ŏǝƻƴ wŜǇƻǊǘǎ 

!ǎ bŜŜŘŜŘ 
wŜǇƻǊǘǎ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ 
ǘƘŜ ŎƻǊǊŜŎǝǾŜ ŀŎǝƻƴǎ 

ǘŀƪŜƴ 

/ƻƴǘǊŀŎǘƻǊ ǿƛǘƘ ǊŜǾƛŜǿ 
ōȅ tǊƻƧŜŎǘ aŀƴŀƎŜǊ 
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7.0 Quality Objectives and Criteria for Measurement of Data 
 

This section discusses the Data Quality Objectives (DQOs), the Measurement Quality Objectives (MQOs) and 
Data Quality Indicators (DQIs) that are mandatory for all monitoring programs. 
 
Generally, the DQOs for any program are created by the stakeholders. The DQO process is a ǎŜǾŜƴπǎǘŜǇ 
decision tree that allows the stakeholders of the ²59vπ!v5 to define parameters for the program. The DQO 
process has been in existence for many years, first by the EPA and then utilized by 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 WAAQS attainment. 
 
!ǎ ƳŜƴǘƛƻƴŜŘ ōŜŦƻǊŜΣ ǘƘŜ 5vh ƛǎ ŀ ǎŜǾŜƴπǎǘŜǇ ǇǊƻŎŜǎǎ ǘƘŀǘ ǘŀƪŜǎ ǘƘŜ ŦƻǊƳ ƻŦ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǘƘŜ ƛƳǇƻǊǘŀƴǘ 
aspects of the program. It is encouraged and useful that the DQO process be performed from time to time to 
ensure that the objectives are clear and concise. 

 

7.1 The DQO Process 
 
hƴ !ǳƎǳǎǘ мнΣ нлнлΣ ǘƘŜ ²59vπ!v5 ŀƴŘ ƛǘǎ /ƻƴǘǊŀŎǘƻǊ ƳŜǘ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜ 5vhǎ ŦƻǊ ǘƘŜ ǇǊƻƎǊŀƳǎ ŀƴŘ 
define the objectives. Table 3 below outlines the discussion and the outputs of the DQO process in each step. 
 
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 uncertainty is 
within the range prescribed by the DQOs. MQOs can be defined in terms of the following DQIs: 
representativeness, detectability, completeness, and comparability. 
 

Table 3.  DQO Seven-Step Decision Tree Process 

5vh {ǘŜǇ hǳǘǇǳǘ ǘƻ 5ƛǎŎǳǎǎƛƻƴ ōȅ 5ŜŎƛǎƛƻƴ aŀƪŜǊǎ 

{ǘŜǇ мΦ {ǘŀǘŜ ǘƘŜ tǊƻōƭŜƳ 

¢ƘŜ {ǘŀǘŜ ƻŦ ²ȅƻƳƛƴƎΣ ōŜƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ōƻǳƴŘǎ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ 
{ǘŀǘŜǎΣ Ƴǳǎǘ ŀŘƘŜǊŜ ǘƻ ǘƘŜ /ƭŜŀƴ !ƛǊ !Ŏǘ !ƳŜƴŘƳŜƴǘǎΦ ¢ƘŜ /ƻŘŜ 
ƻŦ CŜŘŜǊŀƭ wŜƎǳƭŀǝƻƴǎ пл ǇŀǊǘ рл ǎŜǘ ǘƘŜ b!!v{ ŀƴŘ ǘƘŜ {ǘŀǘŜ ƻŦ 
²ȅƻƳƛƴƎ ƳŜŀǎǳǊŜǎ ŦƻǊ ǘƘŜ b!!v{ ǇƻƭƭǳǘŀƴǘǎΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ 
{ǘŀǘŜ ƻŦ ²ȅƻƳƛƴƎ ǇǊƻƳǳƭƎŀǘŜŘ ƛǘǎ ƻǿƴ ²ȅƻƳƛƴƎ !ƳōƛŜƴǘ !ƛǊ 
vǳŀƭƛǘȅ {ǘŀƴŘŀǊŘǎ ό²!!v{ύΣ ǿƘƛŎƘ ŀǊŜ ƴŜŀǊƭȅ ƛŘŜƴǝŎŀƭ ǘƻ ǘƘŜ 
b!!v{Φ ¢ƘŜ {ǘŀǘŜ ƻŦ ²ȅƻƳƛƴƎ Ƴǳǎǘ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜǎŜ ǎǘŀƴŘŀǊŘǎ 
ŀƴŘ ǘƘǳǎ ƳŜŀǎǳǊŜ ƛƴ ǾŀǊƛƻǳǎ ƭƻŎŀǝƻƴǎ ǘƻ ƳŜŜǘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎΦ 
Lƴ ǎǳǇǇƻǊǘ ƻŦ ƳŜŀǎǳǊƛƴƎ ŦƻǊ b!!v{ ŎƻƳǇƻǳƴŘǎΣ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 
ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ƳƻƴƛǘƻǊŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƻǊƛƎƛƴǎ ƻŦ ǘƘŜ b!!v{ 

ŎƻƳǇƻǳƴŘǎ ƛƴ ǉǳŜǎǝƻƴΦ 

{ǘŜǇ нΦ LŘŜƴǝŦȅ ǘƘŜ Dƻŀƭ 
ƻŦ ǘƘŜ {ǘǳŘȅ 

Not only does the State of Wyoming have to measure for these 
NAAQS pollutants, but they must also adhere to the level of the 

standard (attainment vs. nonattainment as promulgated in 40 CFR 
Part 50). In order to understand the environment as a whole, 

meteorological data must be collected in support of the NAAQS 
pollutant data that are generally collected at the same location. 

{ǘŜǇ оΦ LŘŜƴǝŦȅ 
LƴŦƻǊƳŀǝƻƴ LƴǇǳǘ 

¢ƘŜ ƛƴǇǳǘ ƛƴŦƻǊƳŀǝƻƴ ƛǎ ǘƘŜ ƘƻǳǊƭȅ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ Řŀǘŀ ǘƘŀǘ ŀǊŜ 
ŎƻƭƭŜŎǘŜŘ ŀǘ ǘƘŜ ƭƻŎŀǝƻƴǎ ǿƘŜǊŜ b!!v{ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ƳƻƴƛǘƻǊŜŘ 

όǎŜŜ !ǇǇŜƴŘƛȄ .ύΦ 

{ǘŜǇ пΦ 5ŜŬƴŜ ǘƘŜ 
.ƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ {ǘǳŘȅ 

¢ƘŜ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ ǎǘǳŘȅ ƛǎ ǘƘŜ ŜƴǝǊŜ {ǘŀǘŜ ƻŦ ²ȅƻƳƛƴƎΦ ¢Ƙƛǎ 
ǎǘǳŘȅ ƻƴƭȅ ŀǇǇƭƛŜǎ ǘƻ ǘƘŜ ²59vπ!v5 tǊƛƳŀǊȅ vǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜ 

hǊƎŀƴƛȊŀǝƻƴ όtv!hύΦ 
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5vh {ǘŜǇ hǳǘǇǳǘ ǘƻ 5ƛǎŎǳǎǎƛƻƴ ōȅ 5ŜŎƛǎƛƻƴ aŀƪŜǊǎ 

{ǘŜǇ рΦ 5ŜǾŜƭƻǇ ǘƘŜ 
!ƴŀƭȅǝŎŀƭ !ǇǇǊƻŀŎƘ 

¢ƘŜ ²59vπ!v5 ǿƛƭƭ ŎƻƭƭŜŎǘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ Řŀǘŀ ŀǘ ŀƭƭ ƻŦ ǘƘŜ 
monitoring locations that are deemed necessary. At the end of the 
year, the ²59vπ!v5 ǿƛƭƭ review, analyze, and certify that the data 

collected within the ²59vπ!v5 ƴŜǘǿƻǊƪ ŀǊŜ ǾŀƭƛŘ ǿƛǘƘƛƴ ǘƘŜ 
parameters laid out in this QAPP. 

{ǘŜǇ сΦ {ǇŜŎƛŦȅ 
tŜǊŦƻǊƳŀƴŎŜ /ǊƛǘŜǊƛŀ 

¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ŎǊƛǘŜǊƛŀ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ v!tt ǳƴŘŜǊ ǘƘŜ 
avhǎ ŀƴŘ ǘƘǳǎ ǘƘŜ 5vLǎΦ LŦ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŀŘƘŜǊŜ ǘƻ ǘƘŜǎŜ 
ǇŜǊŦƻǊƳŀƴŎŜ ŎǊƛǘŜǊƛŀΣ ǘƘŜƴ ǘƘŜ Řŀǘŀ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ 
{ǘŀǘŜΩǎ ŘŜŎƭŀǊŀǝƻƴ ƻŦ ƴƻƴŀǧŀƛƴƳŜƴǘ ƻǊ ŀǧŀƛƴƳŜƴǘ ǎǘŀǘǳǎΦ Lƴ 
ŀŘŘƛǝƻƴΣ ǘƘŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ Řŀǘŀ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ 
ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǎƻǳǊŎŜǎ ƻŦ ǘƘŜ Ǉƻƭƭǳǘŀƴǘǎ ŀƴŘ ŀƛŘ ƛƴ ǘƘŜƛǊ ƳƛǘƛƎŀǘƛƻƴΦ 

{ǘŜǇ тΦ 5ŜǾŜƭƻǇ ǘƘŜ tƭŀƴ 
ŦƻǊ hōǘŀƛƴƛƴƎ 5ŀǘŀ 

IŀǾƛƴƎ ŘŜǾŜƭƻǇŜŘ ǘƘŜǎŜ 5vhǎΣ ǘƘŜ ²59vπ!v5 Ƙŀǎ ŘŜǾŜƭƻǇŜŘ ǘƘƛǎ 
ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ v!tt ŀƴŘ {ht ŦƻǊ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǎŜƴǎƻǊǎ ǘƻ 
ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ v! ŀƴŘ v/ ǇǊƻŎŜŘǳǊŜǎ ŀǊŜ ŘƻŎǳƳŜƴǘŜŘ ŀƴŘ 
ŦƻƭƭƻǿŜŘ ōȅ ²59vπ!v5 ǎǘŀũ ŀƴŘ ǘƘŜƛǊ /ƻƴǘǊŀŎǘƻǊǎΦ 

 
 

7.2 Data Quality Indicators 
 

The data quality indicators (DQIs) are a set of indicators which can be easily measured. The DQIs are either 
inherent in the instruments, i.e., detection limits, or indicate how the meteorological parameters are 
analyzed. 
 
Here is a discussion of each DQI: 

 

¶ Accuracy π ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ ŀƎǊŜŜƳŜƴǘ ƻŦ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ǘƻ ŀ ƪƴƻǿƴ ǾŀƭǳŜ ŀƴŘ 
includes a combination of random error (precision) and systematic error (bias) components of 
sampling. This is performed using the independent meteorological performance audits. 

¶ Resolution π The lowest value that the sensor can report. This should not be confused with 
minimum detectable limits (MDLs), which are defined below. 

¶ Detection Limit π The lowest value that a sensor can determine to be different from zero by a 
single measurement at a stated level of probability. 

¶ Completeness π describes the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under normal conditions. For 
meteorological measurements, generally this is data completeness of 90%. 

¶ Comparability π generally falls under the auspice of equipment specifications and monitoring 
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 IV4 and the EPA Modeling Guidance6. Please refer to these two reference 
documents for further discussion. 

¶ Representativeness π This DQI deals with whether or not the location of 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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The goals for acceptable DQIs for detailed in Table 4 on this page. 
 

Table 4.  Meteorological Sensors DQIs 

tŀǊŀƳŜǘŜǊ !ŎŎǳǊŀŎȅ {ŜƴǎƻǊ wŜǎƻƭǳǝƻƴ 
aƛƴƛƳǳƳ 5ŜǘŜŎǘŀōƭŜ 

[ƛƳƛǘǎ 

²ƛƴŘ {ǇŜŜŘ 
ҕлΦнр Ƴκǎ Җр Ƴκǎ 
ҕр҈Ҕр Ƴκǎ ƴƻǘ ǘƻ 
ŜȄŎŜŜŘ нΦр Ƴκǎ 

лΦлм Ƴκǎ лΦм Ƴκǎ 

²ƛƴŘ 5ƛǊŜŎǝƻƴ ҕр ŘŜƎǊŜŜǎ лΦлм ŘŜƎǊŜŜ мΦл ŘŜƎǊŜŜ 

!ƳōƛŜƴǘ ¢ŜƳǇŜǊŀǘǳǊŜ ҕмΦлϲ/ лΦлмϲ/ лΦмϲ/ 

±ŜǊǝŎŀƭ ¢ŜƳǇΦ 
5ƛũŜǊŜƴŎŜ 

ҕлΦмϲ/ лΦлмϲ/ лΦлмϲ/ 

wŜƭŀǝǾŜ IǳƳƛŘƛǘȅ ҕмл҈ лΦм҈ лΦр҈ 

{ƻƭŀǊ 
ҕмл ²κƳн ōŜƭƻǿ нлл 
²κƳн ŀƴŘ р҈ ŀōƻǾŜ 

нлл ²κƳн 
мΦл ²κƳн мл ²κƳн 

.ŀǊƻƳŜǘǊƛŎ tǊŜǎǎǳǊŜ ҕо Ƴō лΦллм Ƴō лΦлр Ƴō 

tǊŜŎƛǇƛǘŀǝƻƴ ҕмл҈ ƻŦ ƛƴǇǳǘ ǾƻƭǳƳŜ ҕлΦлм ƛƴ лΦлм ƛƴ 

.ƻǳƴŘŀǊȅ [ŀȅŜǊ ҕм҈ ƻǊ р ƳŜǘŜǊǎ р ƳŜǘŜǊǎ р ƳŜǘŜǊǎ 

 

7.3 Representativeness of the Meteorology Measurements 
 

Site selection and probe placement followed guidelines in the following US EPA documents to assure that 
measurements are representative of meteorological and air quality monitoring conditions near the 
monitoring stations: 

 

¶ Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IV: 
aŜǘŜƻǊƻƭƻƎƛŎŀƭ aŜŀǎǳǊŜƳŜƴǘǎΣ 9t!πпрпκ.πлуπллнΣ aŀǊŎƘ нллу4 

¶ 9t!Ωǎ Meteorological Monitoring Guidance for Regulatory Modeling Applications, 9t!π
прпκwπ ффπ ллрΣ CŜōǊǳŀǊȅ нллл6 

 
The placement of meteorological sensors must consider local interferences, distance to structures, trees, 
ōǳƛƭŘƛƴƎǎ ŀƴŘ ƘŜƛƎƘǘ ƻŦ ǇǊƻōŜ ŀōƻǾŜ ƎǊƻǳƴŘΦ ¢ƘŜ ƴŜǘǿƻǊƪ ǿŀǎ ǎŜǘ ǳǇ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ 9t!π ŘŜŦƛƴŜŘ 
ambient air quality and meteorological siting criteǊƛŀΣ ǿƘƛŎƘ ƛǎ ŘŜǘŀƛƭŜŘ ƛƴ 9t!Ωǎ aŜǘŜƻǊƻƭƻƎȅ IŀƴŘōƻƻƪ 
Volume IV4, Section 1.0, Tower Guidance and Siting. Please refer to this reference document for further 
discussion. 



WDEQ AQD QAPP for Meteorological Parameters 
Revision 4, November 2025 

Section 8 
Page 21 of 113  

8.0 Special Training/Certifications 
 

Personnel assigned to the APMP will meet the educational, work experience, responsibility, and training 
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. 
 
Adequate education and training are integral to any monitoring program that strives for reliable and 
ŎƻƳǇŀǊŀōƭŜ ŘŀǘŀΦ Lǘ ƛǎ ǊŜŎƻƳƳŜƴŘŜŘ ǘƘŀǘ ²59vπ!v5 Ƴŀƛƴǘŀƛƴ ǎƻƳŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǇŜǊǎƻƴƴŜƭ 
qualifications (combination of education and experience). Training is aimed at increasing the effectiveness 
of employees and their organization. 

 
As part of a quality assurance program the procedures should include information on: 

 

¶ Personnel qualifications (general and ǇƻǎƛǘƛƻƴπǎǇŜŎƛŦƛŎύ 
¶ Training requirements (based on position) 
¶ Frequency of training 

 
Appropriate training should be available to employees supporting the APMP and commensurate with their 
ŘǳǘƛŜǎΦ {ǳŎƘ ǘǊŀƛƴƛƴƎ Ƴŀȅ Ŏƻƴǎƛǎǘ ƻŦ ŎƭŀǎǎǊƻƻƳ ƭŜŎǘǳǊŜǎΣ ǿƻǊƪǎƘƻǇǎΣ ǿŜōπōŀǎŜŘ ŎƻǳǊǎŜǎΣ ǘŜƭŜŎƻƴŦŜǊŜƴŎŜǎΣ 
ǾŜƴŘƻǊπǇǊƻǾƛŘŜŘ ŀƴŘ ƻƴπǘƘŜπƧƻō ǘǊŀƛƴƛƴƎΦ ¢ǊŀƛƴƛƴƎ ǎƘƻǳƭŘ ŀƭǎƻ ƛƴŎƭǳŘŜ ŀǇǇǊƻǇǊƛŀǘŜ ǊŜŀŘƛƴƎ materials, such 
as the CFR, EPA guidance documents, and the monitoring ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ QAPPs and SOPs, to name a few. 
 
EPA encourages monitoring organizations to maintain documentation that details the training provided 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 develop training programs that require some level of certification. Over the 
years, a number of courses have been developed for personnel involved with ambient air monitoring and 
quality assurance aspects. 
 
Formal QA/QC training is offered through the following organizations: 

 

¶ Air Knowledge Training Program https://airknowledge.gov/ 

¶ Air & Waste Management Association (AWMA) https://www.awma.org/  

¶ American Society for Quality (ASQ) https://asq.org 

¶ EPA Quality Staff (QS) https://www.epa.gov/quality  

¶ EPA Regional Offices https://www.epa.gov/aboutepa/regional-and-geographic-offices  

¶ EPA Ambient Monitoring Technology Information Center (AMTIC) Technology Transfer Network 
https://www.epa.gov/amtic 

 
²59vπ!v5 ǎƘƻǳƭŘ ŎƻƴǎƛŘŜǊ ŀŘŘƛƴƎ ƳŀƴǳŦŀŎǘǳǊŜǊπǇǊƻǾƛŘŜŘ ǘǊŀƛƴƛƴƎ ǘƻ ǘƘŜ ŜǉǳƛǇƳŜƴǘ ǇǳǊŎƘŀǎŜ ŎƻǎǘΦ 
Persons having experience in the subject matter described in the courses would select courses according 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 Documents and Records 
 
¢ƘŜ ²59vπ!v5 ƛǎ ŎƻƳƳƛǘǘŜŘ ǘƻ Ŧǳƭƭȅ ŘƻŎǳƳŜƴǘƛƴƎ ŀƭƭ ŀŎǘƛǾƛǘƛŜǎ ǊŜƭŀǘŜŘ ǘƻ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΣ ŀƴŀƭȅǎƛǎΣ 
validation, and reporting. Table 5 contains a list of the records maintained by the APMP. These records can 
be electronic, bound in notebooks, and/or forms that are used for specific applications. Electronic records 
will be stored on main office storage drives and archived by the Contractors and ultimately, ǘƘŜ ²59vπ!v5 
office servers. All project files are backed up daily. In addition, weekly network backup occurs. The weekly 
backup network files are stored onto external hard drives which are stored ƻŦŦπǎƛǘŜΦ ¢ƘŜ ²59vπ!v5 has 
several of these backup hard drives and copies of the field logbook are archived ƛƴ ǘƘŜ ²59vπ!v5 
Cheyenne office for five (5) years. 

 
Table 5.  Documentation and Reports 

5ƻŎǳƳŜƴǘŀǝƻƴ 
¢ȅǇŜ 

CǊŜǉǳŜƴŎȅ 
wŜǇƻǊǘ 
{ǳōƳƛǎǎƛƻƴ 

!ǊŎƘƛǾŜ wŜǘŜƴǝƻƴ tŜǊƛƻŘ 

aƻƴƛǘƻǊƛƴƎ 5ŀǘŀ 5ŀƛƭȅ 5ƻǿƴƭƻŀŘǎ /ƻƴǘǊŀŎǘƻǊǎ 
²59vπ!v5 ŀƴŘ 
/ƻƴǘǊŀŎǘƻǊΩǎ {ŜǊǾŜ 
όǿƛǘƘ ōŀŎƪǳǇύ 

р ȅŜŀǊǎ 

v!tt ŀƴŘ {htǎ 
!ƴƴǳŀƭƭȅ ƻǊ ƳƻǊŜ 
ŦǊŜǉǳŜƴǘƭȅΣ ŀǎ 
ƴŜŜŘŜŘ 

v! /ƻƻǊŘƛƴŀǘƻǊ ²59vπ!v5 р ȅŜŀǊǎ 

/ƻǇƛŜǎ ƻŦ CƛŜƭŘ 
[ƻƎōƻƻƪǎ  

!ƊŜǊ ŜŀŎƘ ǎƛǘŜ 
Ǿƛǎƛǘ 

{ƛǘŜ hǇŜǊŀǘƻǊǎ 
ŀƴŘ /ƻƴǘǊŀŎǘƻǊǎ 

²59vπ!v5 ŀƴŘ 
/ƻƴǘǊŀŎǘƻǊǎ 

р ȅŜŀǊǎ 

vǳŀǊǘŜǊƭȅ wŜǇƻǊǘǎ vǳŀǊǘŜǊƭȅ /ƻƴǘǊŀŎǘƻǊǎ 
²59vπ!v5 ŀƴŘ 
/ƻƴǘǊŀŎǘƻǊǎ 

р ȅŜŀǊǎ 

!ƴƴǳŀƭ 5ŀǘŀ 
wŜǇƻǊǘ 

!ƴƴǳŀƭƭȅ /ƻƴǘǊŀŎǘƻǊǎ 
²59vπ!v5 ŀƴŘ 
/ƻƴǘǊŀŎǘƻǊǎ 

р ȅŜŀǊǎ 

tŜǊŦƻǊƳŀƴŎŜ 
!ǳŘƛǘ {ǳƳƳŀǊƛŜǎ 

{ŜƳƛπ!ƴƴǳŀƭƭȅ 
v! /ƻƻǊŘƛƴŀǘƻǊ ƻǊ 
/ƻƴǘǊŀŎǘƻǊ 

²59vπ!v5 р ȅŜŀǊǎ 

 
All monitoring data, reports and program documentation will be retained by ²59vπ!v5 for a minimum of 
ŦƛǾŜ όрύ ȅŜŀǊǎΦ ¢ƘŜ ²59vπ!v5 ǿƛƭƭ ǊŜǾƛŜǿ ŀƴŘ ŀǇǇǊƻǾŜ ǳǇŘŀǘŜǎ ƻǊ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ v!tt Ǉƭŀƴ ƎƛǾŜƴ ǳǇŘŀǘŜǎ 
or changes to the Records Management Plan. 
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Section B. Data Generation and Acquisition 
 

10.0 Network Description 
 

This section describes the project design and implementation of the meteorological monitoring network. 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 Sampling Method 
 
¢ƘŜ ƳŜǘŜƻǊƻƭƻƎȅ ƴŜǘǿƻǊƪ ƳŀƛƴǘŀƛƴŜŘ ōȅ ǘƘŜ ²59vπ!v5 ƛǎ ǇƭŀŎŜŘ ƴŜŀǊōȅ ƳƻƴƛǘƻǊƛƴƎ ǎƘŜƭǘŜǊǎ ŀŎǊƻǎǎ ǘƘŜ 
{ǘŀǘŜΦ ¢ƘŜ ǎŜƴǎƻǊǎ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ ƳŜǘǊƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ±ƻƭǳƳŜ LL ƻŦ 9t!Ωǎ vǳŀƭƛǘȅ 
Assurance Handbook for Measurement Systems4. Meteorology is measured by sensors placed in ambient air 
from several levels of a 10-meter tower. In addition, some of the sensors, such as the solar radiation or 
precipitation gauge, can be mounted on the hand rails around the roof of the shelter. 

 

11.1 Meteorology Sensors 
 

For a list of the current instruments utilized throughout the monitoring network, please see Appendix B, 
Section 2.0, and Types of Instruments. This discussion gives a brief overview on how these sensors operate. 

 

¶ Horizontal Wind Speed: Horizontal 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 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. A performance audit on this 
sensor provides physical verification that: 1) the ǎŜƴǎƻǊΩǎ starting threshold has not changed 
or is ōŜƭƻǿ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǘŀǘŜŘ ǎǘŀǊǘƛƴƎ ǘƘǊŜǎƘƻƭŘΣ ŀƴŘ нύ ǘƘŜ ǘǊŀƴǎŘǳŎŜǊ ƛǎ ǇǊƻǇŜǊƭȅ 
converting cup rate of rotation (rpm) to wind speed. 

¶ Vertical Wind Speed: The vertical wind speed (VWS) 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 
ǇǊƻŘǳŎŜǎ ŀ Ǉƭǳǎ όҌύ ƻǊ Ƴƛƴǳǎ όπύ ŘƛǊŜŎǘƛƻƴ ƻŦ ǊƻǘŀǘƛƻƴΦ 

¶ Horizontal Wind Direction: Wind direction sensors indicate the direction from 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 shaft to detect wind direction. Wind 
applies a force to 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 torque requirements. 

¶ Ambient Temperature: For air quality applications, ambient temperature is measured with 
a temperature probe. The probe can be a thermistor, resistance temperature detector (RTD), 
or thermocouple. The probe to be audited should be located in a radiation shield that 
protects it from the effects of solar heating and wind variations. 

¶ Delta Temperature: Also known as delta T όɲ¢ύΣ for air quality applications, delta temperature 
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 the movement of vertical movement of air. 

¶ Relative humidity (RH): RH is the ratio of the existing amount of water vapor in the air at a 
given temperature to the maximum amount that could exist at that temperature. This value 
is usually expressed in percent relative humidity (%RH). Percent relative humidity is 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. 

¶ Barometric pressure (BP): BP measurements can be used in modeling and can be used to 
correct an ambient measurement to standard conditions (298oK and 760 millimeters of 
mercury). BP sensors use pressure transducers which transform the sensor response into a 
ǇǊŜǎǎǳǊŜπǊŜƭŀǘŜŘ ŜƭŜŎǘǊƛŎŀƭ ǎƛƎƴŀƭΦ 

¶ Solar Radiation: Solar radiation is related to atmospheric stability and is commonly described 
in units of energy flux: Watts per square meter (W/m2). 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 (solar) and upward (terrestrial) radiation. 

¶ Precipitation: Precipitation is defined as: άǘƘŜ total amount of precipitation which reaches 
the ground in a stated period is expressed as the depth to which it would cover a horizontal 
projection of the ŜŀǊǘƘΩǎ surface if there were no loss by evaporation or ǊǳƴπƻŦŦ and if any 
ǇŀǊǘ ƻŦ ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŦŀƭƭƛƴƎ ŀǎ ǎƴƻǿ ƻǊ ƛŎŜ ǿŜǊŜ ƳŜƭǘŜŘΦέ tǊŜŎƛǇƛǘŀǘƛƻƴ ƎŀǳƎŜǎ ǿƻǊƪ ƻƴ 
the principle of a tipping bucket gauge. A funnel directs precipitation to a small inlet that 
directs water over two equal compartments, or buckets, that tilt  in sequence with each 
representing a known quantity of rainfall. The motion of the buckets causes an electrical 
switch to close and the number of tips are counted. 

¶ Ceilometer: A ceilometer employs pulsed diode laser Light Detection and Ranging (LIDAR) 
ǘŜŎƘƴƻƭƻƎȅΣ ǿƘŜǊŜ ǎƘƻǊǘΣ ǇƻǿŜǊŦǳƭ ƭŀǎŜǊ ǇǳƭǎŜǎ ŀǊŜ ǎŜƴǘ ƻǳǘ ƛƴ ŀ ǾŜǊǘƛŎŀƭ ƻǊ ƴŜŀǊπǾŜǊǘƛŎŀƭ 
direction. The reflection of light, backscatter, caused by haze, fog, mist, precipitation, and/or 
clouds, is measured as the laser pulses traverse the sky. The resulting backscatter intensity 
profile and the mixing height is measured using the characteristics of the backscattered 
profile. The time delay between the launch of the laser pulse and the detection of the 
backscatter signal provides the measure of the layer heights. The operating principle of a 
ceilometer is based on the measurement of the time needed for a short pulse of light to 
traverse the atmosphere from the transmitter emitted from the ceilometer to the top of the 
backscattering layer and back to the receiver of the ceilometer. 

 

11.2 Support Monitoring Equipment 
 
¢Ƙƛǎ ǎŜŎǘƛƻƴ ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ƳŜǘŜƻǊƻƭƻƎȅ ǎǳǇǇƻǊǘ ŜǉǳƛǇƳŜƴǘ ōŜƛƴƎ ǳǎŜŘ ŀǘ ǘƘŜ ²59vπ!v5 ƳŜǘŜƻǊƻƭƻƎȅ 
network. The SOP for meteorological sensors details the calibration and operation of the equipment. 

 

11.3 Data Acquisition System (DAS) 
 

Instantaneous data from the meteorological instruments are transferred once per second to the DAS 
ǳǎǳŀƭƭȅ ōȅ ŀ ǎŜǊƛŀƭ ŎŀōƭŜΦ ¢ƘŜ 5!{ ƛǎ ŀ ǎŜƭŦπŎƻƴǘŀƛƴŜŘ ōƻȄ ǿƛǘƘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ƳŜŀǎǳǊŜ ŀƴŘ ŎƻƴǘǊƻƭ ŜƭŜŎǘǊƻƴƛŎǎΣ 
communicate with ƻƴπǎƛǘŜ computers or remote systems. Data is generally stored in a table format. Please 
note that the DAS stores мπƳƛƴǳǘŜ and hourly data (at a minimum). The ƻƴŜπǎŜŎƻƴŘ data is not stored. 

 

11.4 Telecommunications 
 

Telecommunication services are used for ƘƛƎƘπǎǇŜŜŘ remote communication to all onsite equipment 
including the DAS. Additionally, each instrument onsite is configured with a unique IP address for remote 
maintenance and control purposes. The gateway has all of the firewall protection and routing protocols 
necessary for protection, isolation, and security. 
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11.5 Meteorological Tower 
 
¢ƘŜ ²59vπ!v5 ǳǘƛƭƛȊŜǎ ŦǊŜŜπǎǘŀƴŘƛƴƎ ǘƻǿŜǊǎ ǘƘŀǘ ŀǊŜ ǘƛƭǘŜŘ Řƻǿƴ ƛƴ ƻǊŘŜǊ ǘƻ ƘŀǾŜ Ŝŀǎȅ ŀŎŎŜǎǎ ǘƻ ǘƘŜ 
sensors at the top of the tower. In most cases, to accommodate wind speed/wind direction sensors, the 
towers must be able to reach a height of ten (10) meters. Some instruments, such as RH, ambient 
temperature and ɲ¢ are mounted at two (2) meters above the ground. Figure 3 illustrates the configuration 
of the monitoring equipment and the placement of this equipment at a typical monitoring site. 

 

Figure 3.  A Typical Meteorological 10 meter Tower 

 

11.6 Standard Operating Procedures 
 

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 
equipment inspection and acceptance testing, visual inspections, preventive maintenance, and calibration 
procedures. The SOP for meteorological sensors is an independent document that is a companion to this 
QAPP. 
 
The identification, cause, and corrective action for conditions adverse to quality will be documented on the 
Corrective Action Report form (see the {htύΦ CƻƭƭƻǿπǳǇ ŀŎǘƛƻƴ ǿƛƭƭ ōŜ ǘŀƪŜƴ ōȅ ǘƘŜ Contractor and Project 
Manager to verify the corrective action was taken. 
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12.0 Sample Handling and Custody 
 

All meteorological data is generated by the individual sensors based on the environmental conditions 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 Analytical Method 
 

All modern meteorological sensors measure the atmosphere by using its physical characteristics; e.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 direction and sends a signal to the DAS, which is recorded. 
 
Section 11.1 of this QAPP describes how these instruments operate. For more detailed information, please 
refer to the operating manual of each of the instruments that are listed in Appendix B, List of Instruments. 
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14.0 Quality Control Requirements 
 

This section describes the routine quality control procedures used for the meteorology monitoring 
program. All procedures have been specifically designed to provide the appropriate quality control and 
ŜƴǎǳǊŜ ǘƘŀǘ ǾŀƭƛŘ Řŀǘŀ ǊŜŎƻǾŜǊȅ ƳŜŜǘǎ ƻǊ ŜȄŎŜŜŘǎ ǘƘŜ ²59vπ!v5 Řŀǘŀ ǊŜŎƻǾŜǊȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ фл 
percent per quarter for meteorology monitoring. 
 
The meteorological measurements follow the quality control guidelines as stated in the following documents: 

 

¶ Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IV: 
aŜǘŜƻǊƻƭƻƎƛŎŀƭ aŜŀǎǳǊŜƳŜƴǘǎΣ 9t!πпрпκ.πлуπллнΣ aŀǊŎƘ нллу4 

¶ 9t!Ωǎ Meteorological Monitoring Guidance for Regulatory Modeling Applications, 9t!πпрпκwπ 
ффπллрΣ CŜōǊǳŀǊȅ нллл6 

 

14.1 Instrument/Equipment Calibration and Frequency 
 

Table 6 illustrates the QC procedures and their frequency for meteorology instruments. 
 

Table 6.  Meteorology Sensor QC Procedures 

tǊƻŎŜŘǳǊŜ CǊŜǉǳŜƴŎȅ wŜǉǳƛǊŜƳŜƴǘ 

±ƛǎǳŀƭ LƴǎǇŜŎǝƻƴ ƻŦ 9ǉǳƛǇƳŜƴǘ 
9ŀŎƘ ǎƛǘŜ ǾƛǎƛǘΤ ǘȅǇƛŎŀƭƭȅΣ ƻƴŎŜ ŀ 

ƳƻƴǘƘ 
!ǎ ƴŜŜŘŜŘΣ ǎŜŜ ōŜƭƻǿ 

wŜƳƻǘŜ ƛƴǘŜǊǊƻƎŀǝƻƴ ƻŦ 
ƳƻƴƛǘƻǊƛƴƎ ǎǘŀǝƻƴ ŀƴŘ 
ƛƴǎǇŜŎǝƻƴ ƻŦ Řŀǘŀ 

5ŀƛƭȅ 
v/ /ƘŜŎƪǎ ŦƻǊ Řŀǘŀ ǎŎǊŜŜƴƛƴƎΦ 

{ŜŎǝƻƴ мпΦн 

/ŀƭƛōǊŀǝƻƴ 
9ǾŜǊȅ ǎƛȄ ƳƻƴǘƘǎ ƻǊ ǿƘŜƴŜǾŜǊ 
ƳŀƛƴǘŜƴŀƴŎŜ ƻǊ ǊŜǇƭŀŎŜƳŜƴǘ 

ƻŎŎǳǊǎΦ 

{ŜŜ ōǊƛŜŦ ŘŜǎŎǊƛǇǝƻƴ ƛƴ {ŜŎǝƻƴ 
мпΦо ŀƴŘ ŘŜǘŀƛƭŜŘ ŘŜǎŎǊƛǇǝƻƴ ƛƴ 

{ht 

9ǉǳƛǇƳŜƴǘ aŀƛƴǘŜƴŀƴŎŜ 
!ǎ ƴŜŜŘŜŘ ƻǊ ŀǎ ǘƘŜ ƻǇŜǊŀǝƴƎ 
Ƴŀƴǳŀƭ ǊŜŎƻƳƳŜƴŘǎ 

{ŜŎǝƻƴ мр 

5ŀǘŀ ±ŀƭƛŘŀǝƻƴ 5ŀƛƭȅ ŀƴŘ ƳƻƴǘƘƭȅ {ŜŎǝƻƴ нн ŀƴŘ но 

 
Normally, the Site Operator visits the shelter at least once per month to check that the analyzers and 
meteorological instruments are operational and recording concentrations typical for 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: 

 

¶ Is the propeller or cups moving? 

¶ Does the wind direction appear to be correct relative to the cross arm direction? 

¶ Is it raining, or was there precipitation last night? Check the DAS. 

¶ Does the temperature appear to be normal with how it feels outside, either cold or hot? 

¶ Do the vents in the temperature/RH housing appear clear? 
¶ Is the window on the ceilometer clean? 

 
If any of these items do not appear to be correct, it may be necessary to perform an ǳǇπŎƭƻǎŜ inspection 
and/or calibration. 
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14.2 Remote Interrogation of Monitoring Station and Inspection of Data 
 

The DAS at the monitoring stations will be interrogated daily via an internet connection to download and 
process the data. Abnormal data values 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. 
 
Computerized inspection and visual inspection of these data will be performed daily using an outlier 
program. Values that fall outside of prescribed limits will be evaluated by the Contractor and Project 
Manager and corrections to data will be documented. 

 

14.3 Instrument/Equipment Calibration and Frequency 
 

The following paragraphs are brief descriptions of the calibration of the meteorological instruments. 
Detailed procedures are found in the SOP for meteorological sensors. 
 
Wind Direction: The cross arm orientation will be checked using a professional compass. The wind vane will 
be aligned with the cross arm and set to true north. True north is distinguished from magnetic north 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) exceeds ҕр ŘŜƎǊŜŜǎ ŦǊƻƳ ǘǊǳŜ bƻǊǘƘΣ ǘƘŜ ǎŜƴǎƻǊ ǿƛƭƭ ōŜ ǊŜπ ŎŀƭƛōǊŀǘŜŘΦ ¢ƘŜ ǿƛƴŘ 
direction sensor starting threshold will be checked using a torque gauge. The torque gauge is placed on the 
sensor shaft and the torque is measured. If the sensor starting threshold is greater than 0.5 meters per 
ǎŜŎƻƴŘ όƳκǎύΣ ǘƘŜ ōŜŀǊƛƴƎǎ ǿƛƭƭ ōŜ ǊŜǇƭŀŎŜŘ ŀƴŘ ǘƘŜ ǎŜƴǎƻǊ ǿƛƭƭ ōŜ ǊŜπ ŎŀƭƛōǊŀǘŜŘΦ ¢ƘŜ ǿƛƴŘ ŘƛǊŜŎǘƛƻƴ 
linearity will be checked using a direction template. The sensor response will be checked at a minimum at 
олπŘŜƎǊŜŜ increments in both clockwise and counterclockwise rotations and compared with the DAS 
readings. If the indicated wind direction linearity plus orientation error exceeds ±5 degrees, the sensor will 
be repaired and recalibrated. 
 
Wind Speed: Wind speed response checks will be performed using a synchronous motor. Sensor readings 
taken from the DAS will be compared to calibration values obtained from transfer functions provided in the 
ǎŜƴǎƻǊ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ LŦ ǘƘŜ ǿƛƴŘ ǎǇŜŜŘ ŜǊǊƻǊ ŜȄŎŜŜŘǎ ҕлΦнр Ƴκǎ ǿƘŜƴ Җр Ƴκǎ ƻǊ ҕр҈ ƻǊ ǿƘŜƴ 
> 5 m/s not to exceed ±2.5 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 measured.  To meet the starting threshold 
wind speed requirement of 0.50 m/s the stŀǊǘƛƴƎ ǘƻǊǉǳŜ Ƴǳǎǘ ōŜ Җ лΦп Ǝ-cm.   If the measured torque 
ŜȄŎŜŜŘǎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǘƻƭŜǊŀƴŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ŦƻǊ ǿƛƴŘ ǎǇŜŜŘ ǎŜƴǎƻǊ ǎǘŀǊǘƛƴƎ ǘƘǊŜǎƘƻƭŘ ƻŦ лΦр Ƴκǎ όƻǊ 
0.4 g-cm), then the bearings will be replaced and the instrument will be recalibrated. 
 
Vertical Wind Speed: The 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 in the ǎŜƴǎƻǊ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ 
Note that the readings must be taken in both directions; upward and downward (clockwise and ŎƻǳƴǘŜǊπ
clockwise). With the propeller removed, record the zero point. Next, a selectable speed anemometer drive 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 values and the differences compared to the 
calibration criteria. The VWS values should not exceed Ҍκπ 0.20 m/s. 
 
Temperature: Temperature sensor calibration will be verified by direct comparison of sensor outputs to a 
collocated calibrated reference standard thermometer encompassing the measurement range expected at 
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that particular site. If the sensor output is more than 0.5 degrees Centigrade (°C) different from the 
ǊŜŦŜǊŜƴŎŜΣ ǘƘŜ ǎŜƴǎƻǊ ǿƛƭƭ ōŜ ǊŜǇŀƛǊŜŘ ŀƴŘ ǊŜπŎŀƭƛōǊŀǘŜŘΦ {ŜƴǎƻǊǎ ŀǘ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ǿƛƭƭ ōŜ ŎƘŜŎƪŜŘ 
ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƛƴ ǘƘŜ ǎŀƳŜ ƳŜŘƛǳƳ ǎƻ ǘƘŀǘ ǘƘŜ ŘŜƭǘŀ ǘŜƳǇŜǊŀǘǳǊŜ όɲ¢ύ ŦǳƴŎǘƛƻƴ Ŏŀƴ ōŜ ǾŜǊƛŦƛŜŘΦ LŦ the 
vertical temperature difference differs by more than 0.1°C for млπн ƳŜǘŜǊǎΣ the sensors will be 
repaired/replaced and recalibrated. 
 
Relative Humidity: The relative humidity sensor calibration will be verified by comparison of station sensor 
outputs with a relative humidity reference sensor collocated at ambient conditions. If the site sensor output 
differs by more than ±7 percent relative humidity from the reference, the sensor will be repaired/replaced 
and recalibrated. 
 
Solar Radiation: The 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 
ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ ǎƛǘŜΩǎ ǇȅǊŀƴƻƳŜǘŜǊ ǊŜŀŘƛƴƎǎ ǊŜŎƻǊŘŜŘ ƻƴ ǘƘŜ 5!{Φ If the sensor output differs by more than 
±10 W/m2 below 200 W/m2 or 5% above 200 W/m2 from the reference, the sensor will be recalibrated. 
 
Barometric Pressure: The barometric pressure sensor calibration will be verified by collocation of a certified 
reference barometer and comparing the reference output with sensor outputs recorded on the data 
acquisition system. If the site sensor output differs from the reference by more than ±3 mb, the sensor will 
be recalibrated. 
 
Precipitation: Precipitation sensor output will be verified using a standard graduated burette or dripper 
bottle to add water to the gauge simulating rainfall. If using a graduated burette, the volume of water 
required to produce ten tips will be recorded for each of three runs. This volume will be divided by the area 
of the gauge opening to determine the calculated amount of simulated rainfall. This amount will be 
compared with amounts reported by the station DAS. If using a dripper bottle, the volume of water will be 
used to calculate the expected DAS value based on the site gauge. If the sensor differs by more than ±10% 
from the reference input, the sensor will be recalibrated. During calibration verification, the Site Operator 
will confirm that both sides of the tip bucket have similar sensitivity and provide similar balance results. 
 
Ceilometer: The altitude reporting of the ceilometers will be verified by aiming the ceilometer at a hard 
ǘŀǊƎŜǘ ŀ ƪƴƻǿƴ ŘƛǎǘŀƴŎŜ ŀǿŀȅΦ ¢Ƙƛǎ άƘŀǊŘ ǘŀǊƎŜǘέ ŎŀƭƛōǊŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ǇŜǊŦƻǊƳŜŘ ōȅ ǇƻƛƴǘƛƴƎ ǘƘŜ 
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 hard target 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). 
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14.4 Calibration Reference Standard Certification 
 

All equipment used to calibrate the meteorological instruments must be National Institute of Standards and 
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 on the calibration reference standards. 

 
Table 7.  Meteorological Calibration Equipment 

tŀǊŀƳŜǘŜǊ ¢ȅǇŜ ƻŦ {ǘŀƴŘŀǊŘ 

²ƛƴŘ 5ƛǊŜŎǝƻƴ 
/ƻƳǇŀǎǎ 

±ŀƴŜ ǘƻǊǉǳŜ ƎŀǳƎŜ 
[ƛƴŜŀǊƛǘȅ ǊŜŦŜǊŜƴŎŜ 

²ƛƴŘ {ǇŜŜŘ 
!ƴŜƳƻƳŜǘŜǊ 5ǊƛǾŜ 
¢ƻǊǉǳŜ 5ƛǎŎ 

¢ŜƳǇŜǊŀǘǳǊŜΣ 5Ŝƭǘŀ ¢ŜƳǇŜǊŀǘǳǊŜ 9ƭŜŎǘǊƻƴƛŎ ¢ƘŜǊƳƻƳŜǘŜǊ 

wŜƭŀǝǾŜ IǳƳƛŘƛǘȅ 5ƛƎƛǘŀƭ IǳƳƛŘƛǘȅ {ŜƴǎƻǊ 

{ƻƭŀǊ wŀŘƛŀǝƻƴ {ƻƭŀǊ wŀŘƛŀǝƻƴ {ŜƴǎƻǊ 

tǊŜŎƛǇƛǘŀǝƻƴ .ǳǊŜǧŜ ƻǊ ƎǊŀŘǳŀǘŜŘ ŎȅƭƛƴŘŜǊ ƻǊ ŘǊƛǇǇŜǊ ōƻǧƭŜ 

.ŀǊƻƳŜǘǊƛŎ tǊŜǎǎǳǊŜ 5ƛƎƛǘŀƭ .ŀǊƻƳŜǘŜǊ 
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Table 8.  Calibration and Accuracy Criteria for Meteorological Sensors4,6 

aŜŀǎǳǊŜƳŜƴǘ 
±ŜǊƛŬŎŀǝƻƴκ/ŀƭƛōǊŀǝƻƴ !ŎŎǳǊŀŎȅκ!ǳŘƛǘ 

¢ȅǇŜ 
!ŎŎŜǇǘŀƴŎŜ 
/ǊƛǘŜǊƛŀ 

CǊŜǉǳŜƴŎȅ ¢ȅǇŜ 
!ŎŎŜǇǘŀƴŎŜ 
/ǊƛǘŜǊƛŀ 

CǊŜǉǳŜƴŎȅ 

!ƳōƛŜƴǘ 
¢ŜƳǇŜǊŀǘǳǊŜ 

о ǇǘΦ ²ŀǘŜǊ 
.ŀǘƘ ǿƛǘƘ 
bL{¢πǘǊŀŎŜŀōƭŜ 
ǘƘŜǊƳƛǎǘƻǊ ƻǊ 
ǘƘŜǊƳƻƳŜǘŜǊ 

ҕлΦрϲ/ 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

о ǇǘΦ ²ŀǘŜǊ 
.ŀǘƘ ǿƛǘƘ 
bL{¢π
ǘǊŀŎŜŀōƭŜ 
ǘƘŜǊƳƛǎǘƻǊ ƻǊ 
ǘƘŜǊƳƻƳŜǘŜǊ 

ҕлΦрϲ/ 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

±ŜǊǝŎŀƭ ¢ŜƳǇΦ 
5ƛũΦ 

о ǇǘΦ ²ŀǘŜǊ 
.ŀǘƘ ǿƛǘƘ 
bL{¢πǘǊŀŎŜŀōƭŜ 
ǘƘŜǊƳƛǎǘƻǊ ƻǊ 
ǘƘŜǊƳƻƳŜǘŜǊ 

ҕлΦмϲ/ 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

о ǇǘΦ ²ŀǘŜǊ 
.ŀǘƘ ǿƛǘƘ 
bL{¢π
ǘǊŀŎŜŀōƭŜ 
ǘƘŜǊƳƛǎǘƻǊ ƻǊ 
ǘƘŜǊƳƻƳŜǘŜǊ 

ҕлΦмϲ/ 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

wŜƭŀǝǾŜ 
IǳƳƛŘƛǘȅ 

bL{¢πǘǊŀŎŜŀōƭŜ 
tǎȅŎƘǊƻƳŜǘŜǊ 
ƻǊ ǎǘŀƴŘŀǊŘǎ 
ǎƻƭǳǝƻƴ 

ҕт҈ wI 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

bL{¢π
ǘǊŀŎŜŀōƭŜ 
tǎȅŎƘǊƻƳŜǘŜǊ 
ƻǊ ǎǘŀƴŘŀǊŘǎ 
ǎƻƭǳǝƻƴ 

ҕт҈ wI 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

²ƛƴŘ {ǇŜŜŘ 

bL{¢πǘǊŀŎŜŀōƭŜ 
{ȅƴŎƘǊƻƴƻǳǎ 
aƻǘƻǊΣ /¢{ 
ƳŜǘƘƻŘ 

ҕлΦнр Ƴκǎ 
Җр ƳκǎΤ 
р҈Ҕ н Ƴκǎ 
ƴƻǘ ǘƻ 
ŜȄŎŜŜŘ нΦр 
Ƴκǎ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

bL{¢π
ǘǊŀŎŜŀōƭŜ 
{ȅƴŎƘǊƻƴƻǳǎ 
aƻǘƻǊ 

ҕлΦнр Ƴκǎ 
Җр ƳκǎΤ 
р҈Ҕ н Ƴκǎ 
ƴƻǘ ǘƻ 
ŜȄŎŜŜŘ нΦр 
Ƴκǎ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

±ŜǊǝŎŀƭ ²ƛƴŘ 
{ǇŜŜŘ 

bL{¢πǘǊŀŎŜŀōƭŜ 
{ȅƴŎƘǊƻƴƻǳǎ 
aƻǘƻǊΣ /¢{ 
ƳŜǘƘƻŘ 

ҕлΦнл Ƴκǎ 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

bL{¢π
ǘǊŀŎŜŀōƭŜ 
{ȅƴŎƘǊƻƴƻǳǎ 
aƻǘƻǊ 

ҕлΦнл Ƴκǎ 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

²ƛƴŘ 
5ƛǊŜŎǝƻƴ 

Dt{ 

ҕр ŘŜƎǊŜŜǎΤ 
ƛƴŎƭǳŘŜǎ 
ƻǊƛŜƴǘŀǝƻƴ 
ŜǊǊƻǊ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

Dt{ 

ҕр ŘŜƎǊŜŜǎΤ 
ƛƴŎƭǳŘŜǎ 
ƻǊƛŜƴǘŀǝƻƴ 
ŜǊǊƻǊ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 
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aŜŀǎǳǊŜƳŜƴǘ 
±ŜǊƛŬŎŀǝƻƴκ/ŀƭƛōǊŀǝƻƴ !ŎŎǳǊŀŎȅκ!ǳŘƛǘ 

¢ȅǇŜ 
!ŎŎŜǇǘŀƴŎŜ 
/ǊƛǘŜǊƛŀ 

CǊŜǉǳŜƴŎȅ ¢ȅǇŜ 
!ŎŎŜǇǘŀƴŎŜ 
/ǊƛǘŜǊƛŀ 

CǊŜǉǳŜƴŎȅ 

{ƻƭŀǊ 
wŀŘƛŀǝƻƴ 

bL{¢πǘǊŀŎŜŀōƭŜ 
tȅǊŀƴƻƳŜǘŜǊ 

.Ŝƭƻǿ нлл 
²κƳнΥ  мл 
²κƳн 
!ōƻǾŜ нлл 
²κƳнΥ  
ҕр҈ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

bL{¢π
ǘǊŀŎŜŀōƭŜ 
tȅǊŀƴƻƳŜǘŜǊ 

.Ŝƭƻǿ нлл 
²κƳнΥ  мл 
²κƳн 
!ōƻǾŜ нлл 
²κƳнΥ  ҕр҈ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

.ŀǊƻƳŜǘǊƛŎ 
tǊŜǎǎǳǊŜ 

bL{¢πǘǊŀŎŜŀōƭŜ 
!ƴŜǊƻƛŘ 
.ŀǊƻƳŜǘŜǊ 

ҕо Ƴō 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

bL{¢π
ǘǊŀŎŜŀōƭŜ 
!ƴŜǊƻƛŘ 
.ŀǊƻƳŜǘŜǊ 

ҕо Ƴō 
{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

tǊŜŎƛǇƛǘŀǝƻƴ 

.ǳǊŜǧŜ ŀƴŘ 
ƎǊŀŘǳŀǘŜŘ 
ŎȅƭƛƴŘŜǊ 

5ǊƛǇǇŜǊ ōƻǧƭŜ 

ҕм҈ ƻŦ 
ƛƴǇǳǘ 
ǾƻƭǳƳŜ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

.ǳǊŜǧŜ ŀƴŘ 
ƎǊŀŘǳŀǘŜŘ 
ŎȅƭƛƴŘŜǊ 
5ǊƛǇǇŜǊ 
ōƻǧƭŜ 

ҕмл҈ ƻŦ 
ƛƴǇǳǘ 
ǾƻƭǳƳŜ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

/ŜƛƭƻƳŜǘŜǊ 
!ƛƳ ŀǘ ƘŀǊŘ 
ƻōƧŜŎǘ 

ҕр ƳŜǘŜǊǎ 
ƻŦ ƪƴƻǿƴ 
ŘƛǎǘŀƴŎŜ ƻǊ 
ҕм҈Σ 

ǿƘƛŎƘŜǾŜǊ 
ƛǎ ƎǊŜŀǘŜǊ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 

wŀŘƛƻǎƻƴŘŜ 

ҕр ƳŜǘŜǊǎ 
ƻǊ ҕм҈ ƻŦ 
ƪƴƻǿƴ 
ƘŜƛƎƘǘ ƻŦ 
ǘŜƳǇŜǊŀǘǳǊŜ 
ƛƴǾŜǊǎƛƻƴΣ 
ǿƘƛŎƘŜǾŜǊ ƛǎ 
ƎǊŜŀǘŜǊ 

{ŜƳƛπ
!ƴƴǳŀƭƭȅ 
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15.0 Equipment Maintenance 
 

The manufacturer's recommendations for maintenance will be followed. Sensor instruction manuals are 
available at the site for the reference of preventive and remedial maintenance procedures. Preventive and 
corrective maintenance will be documented on the calibration forms completed immediately after any 
maintenance. Table 9 in Section 16.0 details equipment maintenance. 
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16.0 Instrument Equipment Testing, and Inspection 
 

16.1 Acceptance Testing of Instrumentation and Equipment Integration 
 

Prior to installation, all equipment will be visually inspected to ensure there is no physical damage. 
Acceptance testing of sensors will be performed to verify that the sensors meet the suggested regulatory 
performance criteria set by the manufacturer. 
 
To ensure that the sensors and analyzers are operating properly, periodic performance audits are conducted 
ōȅ ǘƘŜ ²59vπ!v5 ǎŜƳƛπŀƴƴǳŀƭƭȅ ŦƻǊ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊǎΦ 
 
During each site visit, entries will be made in the site or electronic logbook ό9πƭƻƎύ documenting all 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 system, these changes will also be entered in the site logbook. If the Site Operator 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 employ whatever resources are 
required to rectify the situation. 
 
Entries will be made when: (1) any meteorological instrument data output appears to not match the 
atmospheric conditions (2) there is a visible problem with the meteorological sensor. For instance, if one of 
the propeller blades or anemometer cups are missing, this will be logged into the logbook and corrective 
action will ensue. 

 

16.2 Site and Equipment Maintenance 
 

The manufacturer's recommendations for maintenance of the meteorological sensors will be followed. 
Instrument instruction manuals are available for reference of preventative and remedial maintenance 
procedures. Preventive and corrective maintenance will be documented on calibration forms completed 
immediately after any maintenance. See Table 9 for activity and frequency. 
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Table 9.  Equipment Maintenance Activities 

Maintenance Activity Frequency 

Wind Speed and Direction 

Check bearing for drag Every calibration or audit 

Check cups, propeller or vane for integrity Every visit 

Temperature and Delta Temperature, Relative Humidity 

Verify inlets or Gill screen is clear Monthly 

Inspect wires for integrity Monthly 

Solar Radiation 

Inspect wires for integrity Monthly 

Check window for dust or debris Monthly 

Barometric Pressure 

Inspect wires for integrity Monthly 

Verify inlets is clear Monthly 

Ceilometer 

Inspect wires for integrity Monthly 

Check window of instrument is clear of debris Annually 

Check door gasket for integrity Annually 
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17.0 Inspection/Acceptance of Supplies and Consumables 
 

17.1 Spare Parts 
 

Spare parts for the meteorological instruments will be stored in the monitoring shelter and will be used as 
needed. These spare parts include, but are not limited to wind speed and direction bearings, cups and vanes. 

 

17.2 Inspection/Acceptance of Supplies and Consumables 
 

Spare parts will be purchased only from the instrumentation manufacturer by the Project Managers or 
Contractors. Parts will be inspected by the Project Managers, Contractors or Site Operators for shipping 
damage upon receipt. Spare parts will be kept in the monitoring shelter for use when needed. The use of 
spare parts will be documented on calibration forms. 
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18.0 bƻƴπ5ƛǊŜŎǘ Measurements 
 

The meteorological data collected from the ²59vπ!v5 meteorological monitoring program are utilized to 
support the gaseous instruments as described in Section 7.0 of this QAPP. There are no NAAQS and WAAQS 
ƴƻƴπŀǘǘŀƛƴƳŜƴǘ ŘŜŎƛǎƛƻƴǎ ǘƘŀǘ ǿƛƭƭ ōŜ ƳŀŘŜ ŦƻǊ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŘŀǘŀΦ ¢ƘŜ Řŀǘŀ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ǇŜǊŦƻǊƳ 
dispersion modeling, and/or utilized to validate or verify ambient air pollution data. 
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19.0 Data Management 
 

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, and storage of electronic data. Meteorological data will be recorded and stored on the site DAS. 
Ceilometer data is not stored on the DAS, it is stored on an independent computer that has software that 
can collect, store and interpret the mixing height layer (MLH) data. Data will be retrieved 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. 
 
All electronic calculations and statistical analyses will be performed using standard software that can be 
easily verified. All project documentation, records, data, and reports will be stored for at least five (5) years 
ŦƻƭƭƻǿƛƴƎ ǇǊƻƧŜŎǘ ŎƻƳǇƭŜǘƛƻƴΦ ¢ƘŜ Řŀǘŀ ŀǊŜ ǎǘƻǊŜŘ ŀǘ ǘƘŜ ²59vπ!v5 ƴŜǘǿƻǊƪ ǎŜǊǾŜǊǎ ƻƴŎŜ ƛǘ ƛǎ ǊŜǇƻǊǘŜŘ ǘƻ 
AQS and will be archived at a separate location. 
 
Meteorological data will be reviewed routinely by the Contractor and Project Managers. These data will 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 various storage media and maintained in duplicate in more than one location for 
protection. For more details, please see Sections 21 and 22. 

 

19.1 Data Retrieval 
 

Data is retrieved from the site by connecting to the DAS via remote telemetry. The MLH are also retrieved 
via remote telemetry separately. In the past, ²59vπ!v5 did not house the raw data. The data were housed 
ŀƴŘ ǾŀƭƛŘŀǘŜŘ Řŀǘŀ ōȅ ǘƘŜ /ƻƴǘǊŀŎǘƻǊǎΦ wŜŎŜƴǘƭȅΣ ǘƘŜ ²59vπ!v5 ŎƘŀƴƎŜŘ ƻǾŜǊ ǘƻ ǘƘŜ !ƛǊ±ƛǎƛƻƴ ǇƭŀǘŦƻǊƳ 
ŀƭǎƻ ƪƴƻǿƴ ŀǎ ²ȅ±ƛǎbŜǘΦ ¢Ƙƛǎ ƛǎ ŀ ²59vπ!v5 ƘƻǳǎŜŘ Řŀǘŀ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳ ǘƘŀǘ ǿƛƭƭ ōŜ ŀŎŎŜǎǎƛōƭŜ ǘƻ ōƻǘƘ 
/ƻƴǘǊŀŎǘƻǊǎ ŀƴŘ ²59vπ!v5 ǎǘŀŦŦΦ CƻǊ ǘƘŜ {[!aǎ ǎǘŀǘƛƻƴǎ όtaύΣ ǘƘŜ ²59vπ!v5 Řŀǘŀ will be housed in the 
AirVision system and the ²59vπ!v5 staff will perform validation on the data. For our SPM/gaseous 
stations, the Contractors will be the primary data repository. 

 

19.2 Raw Data 
 

Raw data are records, notes, memoranda, worksheets or exact copies and are the result of original 
observations and activities of the monitoring project. Raw data include data from the DAS and data entered 
directly into a system. 

 

19.3 Data Transfer 
 

The sensors produce digital and analog voltages that are collected by a DAS and averaged for a particular 
time period. The data are stored on a network and are validated quarterly. The hourly air quality data are 
uploaded to WyVisNet around fifteen (15) minutes after the hour. 

  



WDEQ AQD QAPP for Meteorological Parameters 
Revision 4, November 2025 

Section 19 
Page 41 of 113  

19.4 DAS Data Review 
 

Data review is performed by the Contractor. The review of the data includes reviewing the calibration 
information, maintenance logs, hourly data, flags, and recording any information that might be 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 name a few. Data review also includes documentation of suspect data or invalidations that occurred. 

 

19.5 Data Validation 
 

Data validation ensures that data processing operations have been carried out correctly and that the field 
operations have been performed properly and in accordance with written procedures. Once data validation 
has identified problems, the data can be corrected, flagged or invalidated and corrective actions can be 
ǘŀƪŜƴ ǿƘŜƴ ƴŜŎŜǎǎŀǊȅΦ Lƴ ǘƘŜ ŜǾŜƴǘ ƻŦ ŀ ŦŀƛƭŜŘ ŀǳŘƛǘ ƻǊ ƻǳǘπƻŦπǊŀƴƎŜ ŎŀƭƛōǊŀǘƛƻƴΣ ǘƘŜ /ƻƴǘǊŀŎǘƻǊ ƻǊ tǊƻƧŜŎǘ 
Manager will be responsible for checking or invalidating data. Data validation procedures are described in 
detail in Section 22. 

 

19.6 Data Transmittal 
 

Data transmission occurs when data are transferred from one location to another or from one person or 
group to another. An example of data transfer is the electronic transfer of data over a telephone or 
ŎƻƳǇǳǘŜǊ ƴŜǘǿƻǊƪΦ ²59vπ!v5 ǊŜǉǳƛǊŜǎ ǘƘŀǘ Řŀǘŀ ōŜ ǇǊŜǇŀǊŜŘ ƛƴ !v{ ŦƻǊƳŀǘ ƻƴ ŀ ǉǳŀǊǘŜǊƭȅ ōŀǎƛǎ ŀƴŘ 
stored in zip files with a specific name format that incorporates the reported year and quarter. 
 
The Data Manager will report all ambient air quality data and information as specified by the AQS Users 
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 Data Processing 
 

Data processing includes the aggregating and summarizing of results so they can be easily understood 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 Data Analyses 
 

Data summary and analysis requirements, as presented in the QA Handbook Volume IV2 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 Data Flagging 
 

Data will be flagged if a numeric result was available but it has been qualified in some respect related to the 
validity of the result. Null data codes will be generated for invalid data as they are entered into the AQS 
database. 
 
An exceptional event, as defined in 40 CFR §50.1 (j)7 is one 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 a natural event. Additional requirements in 40 CFR §50.14(1)8 (2) and (b) (1) identify that a state must 
ŘŜƳƻƴǎǘǊŀǘŜ ŀ άŎƭŜŀƴ ŀƴŘ Ŏŀǎǳŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƘŜ ƳŜŀǎǳǊŜŘ ŜȄŎŜŜŘŀƴŎŜǎ ƻǊ Ǿƛƻƭŀǘƛƻƴ of such 
standard and the ŜǾŜƴǘέ and that άŀƴ exceptional event caused a specific air pollution concentration in 
excess of one or more national ambient air quality ǎǘŀƴŘŀǊŘǎΦέ Thus, ²59vπ!v5 and the Contractors will 
ŦƭŀƎ Řŀǘŀ ǊŜƭŀǘŜŘ ǘƻ ŀƴ ŜȄŎŜǇǘƛƻƴŀƭ ŜǾŜƴǘ ŀǘ ǘƘŜ ǊŜǉǳŜǎǘ ƻŦ ǘƘŜ ²59vπ!v5Φ 9ƭŜŎǘǊƻƴƛŎ ŎƻǇƛŜǎ ƻŦ ǘƘŜ Řŀǘŀ ǿƛƭƭ 
ōŜ ǎǘƻǊŜŘ ŀǘ ǘƘŜ ²59vπ!v5 ƻŦŦƛŎŜ ƛƴ /ƘŜȅŜƴƴŜΣ ²ȅƻƳƛƴƎΦ 

 

19.10 Data Submittal to the Air Quality System 
 
9ŀŎƘ ǉǳŀǊǘŜǊΣ ²59vπ!v5 ŦƛƭŜǎ ƻŦ ƻōǎŜǊǾŜŘ Řŀǘŀ ǘƘŀǘ ŀǊŜ ǊŜŀŘȅ ŦƻǊ !v{ ǳǇƭƻŀŘ όάw5έ ǘǊŀƴǎŀŎǘƛƻƴύ ŀǊŜ 
prepared and submitted to ²59vπ!v5Ωǎ IMPACT system. These files are prepared from validated hourly 
data and conform to the AQS coding guidelines found on the AQS website9. Missing 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. 
 
Data may also be marked with a qualifier code to denote suspect data if necessary. Data in the AQS files may 
ōŜ ǊŜǇƻǊǘŜŘ ƛƴ ǎǘŀƴŘŀǊŘ ƻǊ ŀƭǘŜǊƴŀǘƛǾŜ ǳƴƛǘǎ ǿƘƛŎƘ ŀǊŜ ŘŜŦƛƴŜŘ ōȅ !v{Φ CƻǊ ŘŜǘŀƛƭǎ ƻƴ ²59vπ!v5 !v{ 
coding, please see Appendix B, Ancillary Information, and Section 3.0. 
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Section C. Assessment and Oversight 
 

20.0 Assessment and Response Actions 
 

¢ƘŜ ²59vπ!v5 v! /ƻƻǊŘƛƴŀǘƻǊ ǿƛƭƭ ǇŜǊŦƻǊƳ ǘƘŜ ǎŜƳƛπŀƴƴǳŀƭ ǇŜǊŦƻǊƳŀƴŎŜ ŀǳŘƛǘǎ ƻƴ ǘƘŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 
sensors. Audit procedures and techniques followed by the ²59vπ!v5 are established by EPA and can be 
ŦƻǳƴŘ ƛƴ 9t!Ωǎ v! IŀƴŘōƻƻƪΣ ±ƻƭǳƳŜ L±4. 
 
Performance audits are attended by a Contractor representative and the QA Coordinator. Audit summaries 
ŀǊŜ ŀǾŀƛƭŀōƭŜ ƻƴ ²59vπ!v5Ωǎ Lat!/¢ ǎȅǎǘŜƳΦ 
 
EPA QA Handbook established the audit levels for the meteorological instruments. Please see Table 8 in 
Section 14 of this QAPP for details on the annual accuracy requirements. 

 

20.1 Data Quality Audits 
 

Data review is conducted daily utilizing electronic and visual scanning to identify outliers and determine 
whether data are reasonable and representative. The systems audit includes a confirmation of the integrity 
of transmitted data from sensor outputs to data reporting. 

 

20.2 Corrective Actions 
 

All deficiencies identified during routine data surveillance, performance audits and/or site surveillances will 
be documented and reported to the Project Manager and Contractor no later than one working day of 
discovery and, depending on the nature of the deficiency, corrective action will be made no later than seven 
(7) business days of the notification. Corrective actions to deficiencies will be addressed and documented in 
the station logbook and on a corrective action report. CƻƭƭƻǿπǳǇ action shall be taken to 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 report is presented in Appendix A of the SOP for meteoǊƻƭƻƎƛŎŀƭ ǎŜƴǎƻǊǎΦ ²59vπ!v5 
has the authority to issue stop work orders to contractors, if necessary. 

 

20.3 QAPP Revisions 
 

If revisions to the QAPPs are needed, any modifications will be performed or approved by the ²59vπ !v5Φ 
v!tt ǊŜǾƛŜǿǎ ǿƛƭƭ ōŜ ǇŜǊŦƻǊƳŜŘ ŀƴƴǳŀƭƭȅ ōȅ ²59vπ!v5Φ 
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21.0 Reports to Management 
 
A summary of the reports to be generated is presented in Table 10. The QA Coordinator or their designee will 
generate reports to management. 

 
Table 10.  Reports to Management 

wŜǇƻǊǘǎ CǊŜǉǳŜƴŎȅ /ƻƴǘŜƴǘ 
wŜǎǇƻƴǎƛōƭŜ 
LƴŘƛǾƛŘǳŀƭ 

5ƛǎǘǊƛōǳǝƻƴ 

vǳŀǊǘŜǊƭȅ wŜǇƻǊǘǎ  vǳŀǊǘŜǊƭȅ 
{ǳƳƳŀǊƛȊŜ Řŀǘŀ ŦƻǊ 

vǳŀǊǘŜǊƭȅ 
{ǳƳƳŀǊƛŜǎ 

/ƻƴǘǊŀŎǘƻǊ 
{ŜŜ {ŜŎǝƻƴ о 
5ƛǎǘǊƛōǳǝƻƴ [ƛǎǘ 

!ƴƴǳŀƭ wŜǇƻǊǘ !ƴƴǳŀƭƭȅ 
{ǳƳƳŀǊƛȊŜ Řŀǘŀ ŦƻǊ 
!ƴƴǳŀƭ wŜǇƻǊǘǎ 

/ƻƴǘǊŀŎǘƻǊ 
{ŜŜ {ŜŎǝƻƴ о 
5ƛǎǘǊƛōǳǝƻƴ [ƛǎǘ 

9Ƴŀƛƭ ƴƻǝŬŎŀǝƻƴ 
ƻŦ !Ŏǝƻƴ [ƛƳƛǘ 
ǊŜŀŎƘŜŘ 

!ǎ bŜŜŘŜŘ 

5ƛǎŎǳǎǎ ƛƴǎǘǊǳƳŜƴǘ 
ƛǎǎǳŜǎΣ ½t{ 

ƭŜǾŜƭκǇŜǊŎŜƴǘŀƎŜΣ 
ŀƴŘ ǇǊƻǇƻǎŜŘ 
ŎƻǳǊǎŜ ƻŦ ŀŎǝƻƴ 

/ƻƴǘǊŀŎǘƻǊ tǊƻƧŜŎǘ aŀƴŀƎŜǊ 

/ƻǊǊŜŎǝǾŜ !Ŏǝƻƴ 
wŜǇƻǊǘǎ 

!ǎ bŜŜŘŜŘ 

{ǳƳƳŀǊƛȊŜǎ 
/ƻǊǊŜŎǝǾŜ !Ŏǝƻƴǎ 
¢ŀƪŜƴ ǘƻ ǊŜǘǳǊƴ ǘƘŜ 
aƻƴƛǘƻǊƛƴƎ {ǘŀǝƻƴ 
ƛƴǘƻ ŎƻƳǇƭƛŀƴǘ 
ǎǘŀǘǳǎ 

/ƻƴǘǊŀŎǘƻǊ 
{ŜŜ {ŜŎǝƻƴ 
5ƛǎǘǊƛōǳǝƻƴ [ƛǎǘ 

wŜǎǇƻƴǎŜ ǘƻ 
/ƻǊǊŜŎǝǾŜ !Ŏǝƻƴ 
wŜǇƻǊǘǎ 

!ǎ bŜŜŘŜŘ 
wŜǇƻǊǘǎ ǘƘŜ ǊŜǎǳƭǘǎ 
ƻŦ ǘƘŜ /ƻǊǊŜŎǝǾŜ 
!Ŏǝƻƴǎ ¢ŀƪŜƴ 

/ƻƴǘǊŀŎǘƻǊ 
{ŜŜ {ŜŎǝƻƴ о 
5ƛǎǘǊƛōǳǝƻƴ [ƛǎǘ 

 
vǳŀǊǘŜǊƭȅ ǊŜǇƻǊǘǎ ǿƛƭƭ ōŜ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ²59vπ!v5 ǿƛǘƘƛƴ sixty (60) days of the end of the monitoring 
ǉǳŀǊǘŜǊΦ ¢ƘŜ ŀƴƴǳŀƭ ǊŜǇƻǊǘ ǿƛƭƭ ōŜ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ²59vπ!v5 ǿƛǘƘƛƴ ninety (90) days of the end of the 
monitoring year. Corrective action reports are submitted as needed within seven (7) business days of 
identifying a deficiency and in the quarterly report. 
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Section D. Data Validation and Usability 
 

22.0 Data Review, Validation, and Verification Requirements 
 

¢ƘŜ Řŀǘŀ ǾŀƭƛŘŀǘƛƻƴ ŎǊƛǘŜǊƛŀ ŀǊŜ ōŀǎŜŘ ƻƴ ¦{ 9t!Ωǎ vǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜ IŀƴŘōƻƻƪ ŦƻǊ !ƛǊ tƻƭƭǳǘƛƻƴ 
Measurement Systems, Volumes II and IV2,4. The data validation criteria are detailed in Table 8 and are based 
on the EPA QA handbook IV templates. 
 
The Project Managers, Contractors and Site Operator are responsible for verifying proper operation of the 
monitoring equipment under their control. The Contractors will review the incoming data to the standards 
discussed in this document. During each quarter, the data will be reviewed again by 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. 
 
The Contractor will routinely check for irregularities during the daily data review. Data review includes 
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 attention of 
the Project Manager as soon as possible. All other documentation pertaining to 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. 
 
Calibration procedures for the meteorological equipment are presented in Section 14.3 of this QAPP and the 
SOP for meteorological sensors. The ǎŜƴǎƻǊΩǎ ŀŎŎǳǊŀŎȅ will be determined using the data presented in Table 
4 and Table 8. Meteorological data will be considered valid when the system response indicated calibration 
responses and accuracy goals are being achieved. 

 

22.1 Data Acceptance Limits for Meteorological Data 
 

Performance audits will be conducted to verify calibration and maintenance of the sensors are correct. Audit 
results will be used to invalidate periods of data when the sensor is not operating within specifications as 
discussed in Table 8 of this QAPP. 
 
Meteorological data will be valid and acceptable if the following conditions apply: 

 

¶ The instruments are calibrated or audited and meet the requirements in Table 8. 
¶ The review of the data meets the requirements of the data validation process. See Section 23 

for details on data validation. 
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23.0 Data Validation and Verification Methods 
 

Meteorological data are stored on DAS loggers as one minute and hourly averages (at a minimum) 
computed from ƻƴŜπǎŜŎƻƴŘ values. Data validation will be performed on the hourly average data. An hourly 
average will be computed when at least nine (9) ŦƛǾŜπƳƛƴǳǘŜ averages are available for the hour. 
 
The Project Managers and Contractors are responsible for verifying the data by reviewing the 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 criteria (Table 4 and Table 8) to ensure that the reported data 
meets the appropriate DQIs. 

 

23.1 Level 0 Data Validation 
 

Level 0 data validation is essentially raw data obtained directly from the data acquisition systems in the field. 
These data have not received any adjustments for known biases or problems that may have been identified 
during preventive maintenance checks or audits. Level 0 data validation is accomplished by: 

 

¶ Collecting data via modem 

¶ Initially screening the daily data for anomalies 
 

Stacked parameter plots will be generated which consist of every data point downloaded since the last site 
interrogation and reviewed by a Contractor for consistency and possible problems. This redundancy assures 
that problems that might go unnoticed by the software will always be caught by the reviewer. 
 
To aid in data validation, a ǇŀǎǎǿƻǊŘπǇǊƻǘŜŎǘŜŘ project ǿŜōπǎƛǘŜ will be hosted which will be updated daily. 
¢Ƙƛǎ ǿƛƭƭ ŘƛŦŦŜǊ ŦǊƻƳ /ƻƴǘǊŀŎǘƻǊ ǘƻ /ƻƴǘǊŀŎǘƻǊΦ ¢ƘŜ ǎƛǘŜ ǎƘƻǳƭŘ Ŏƻƴǘŀƛƴ нпπƘƻǳǊ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƘŀǊǘ 
graphics, daily minimum, maximums, and averages, quality assurance reports and wind roses. Historical 
data should also be accessible. Figure 4 and Figure 5 present examples of these graphics. By using this 
approach, data collection percentages are greatly enhanced and data management personnel can quickly 
note and resolve any potential instrumentation problems. 

 

Figure 4.  Real Time Meteorological Data Display 
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Figure 5.  Real-Time Air Quality Display 

23.2 Quality Control Checks for Data Validation 
 

Once data are downloaded via modem, they will be subjected to a series of QC checks by a software 
package. The software package performs extensive quality control checks of the data, generates a data 
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. 
 
These criteria may be adjusted as data are collected to more accurately encompass ǎƛǘŜπǎǇŜŎƛŦƛŎ conditions. 
 
For the meteorological parameters, additional data review will be initiated by the following: 

 

¶ When values approach the upper end of the operating ranges 

¶ When values remain at the lower end of the operating range or go below the lower operating range. 
 

The QC software is used to generate flags or warnings that the parameter value is outside of a normally 
acceptable range. The outlier program does not invalidate data or erase file records on the basis of these 
outlier tests. Raw data files are never modified and are archived. It will be left to the Contractor to 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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23.3 Level 1 Data Validation 
 

After the QC software is run, visual inspection of the data is performed to identify suspect data values that 
warrant further investigation. These values will be flagged. 
 
tŜǊ 9t!Ωǎ vǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜ IŀƴŘōƻƻƪ ŦƻǊ !ƛǊ tƻƭƭǳǘƛƻƴ aŜŀǎǳǊŜƳŜƴǘ {ȅǎǘŜƳǎΣ ±ƻƭǳƳŜ LLΥ !ƳōƛŜƴǘ !ƛǊ 
Quality Monitoring Program2, EPA recommends the use of flags or result qualifiers to identify potential 
problems with data (or a sample). According to EPA, a flag is an indicator of the fact and the reason that a 
data value (a) did not produce a numeric result, (b) produced a numeric result but it is qualified in some 
respect relating to the type or validity of the result, or (c) produced a numeric result but for administrative 
reasons is not to be reported outside the organization. 
 
Thus, quality control flags and codes, consisting of a letter and value will be assigned to each datum to    
indicate its quality. Multiple flags will be applied to each invalid data point such as data invalid due to 
calibration. Table 11 presents the data flags and codes that will be applied to the data. AQS qualifier codes 
can be found at; https://aqs.epa.gov/aqsweb/documents/codetables/qualifiers.html. 

 
Table 11.  Data Flags 

Flag Code Description 

V 0 Valid 

C 1 Corrected or Estimated 

S 7 Suspect: data appears to be a data spike or outside normal data range 

I 8 Invalid data 

M 9999 Missing data: measurement not taken 

BJ 9963 Operator Error 

AC 9969 Construction in Area 

AL 9978 Voided by Operator 

AM 9979 Miscellaneous Void 

AN 9980 Instrument Malfunction 

AP 9982 Vandalism 

AQ 9983 Collection Failure 

AS 9985 Poor QA Results 

AT 9986 Calibration 

AV 9988 Power Failure 

AW 9989 Wildlife Damage 

AZ 9992 QC Audit 

BA 9993 Maintenance 

BB 9994 Unable to Reach Site 

BC 9995 aǳƭǘƛπtƻƛƴǘ Calibration 

 
¢ƻ ŀǎǎƛǎǘ ƛƴ Řŀǘŀ ǾŀƭƛŘŀǘƛƻƴΣ ŀ ŎƻǇȅ ƻŦ ǘƘŜ ǎƛǘŜ ƭƻƎōƻƻƪ ŀƴŘ 9πƭƻƎ ǿƛƭƭ ōŜ ŜȄŀƳƛƴŜŘ ǘƻ ŎƻƴŦƛǊƳ ǇŜǊƛƻŘǎ ǿƘŜƴ 
instrumentation may have been ƻŦŦπƭƛƴŜ due to power outages, maintenance or repair, audits, or other 
quality assurance activities. Significant events will be checked against the graphs for 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 is important to maintain detailed, accurate records of changes to the data. The justification for all data 

https://aqs.epa.gov/aqsweb/documents/codetables/qualifiers.html


   WDEQ AQD QAPP for Meteorological Parameters 
Revision 4, November 2025 

Section 23 
Page 49 of 113  

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

23.4 Minimum Acceptable Data Recovery Percentage 
 

To be considered valid, each hour of meteorological data must consist of at least 45 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 Data Report QA Checklist 
 

As part of the data validation process to prepare data for reports, report table content versus data files, 
ƳƛǎǎƛƴƎ ŘŀǘŀΣ ƻŦŦπƭƛƴŜ ǇŜǊƛƻŘǎΣ ǇŜǊŎŜƴǘ Řŀǘŀ ǊŜŎƻǾŜǊȅ ŀƴŘ ƳŀǘƘŜƳŀǘƛŎŀƭ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ǊƻǳǘƛƴŜƭȅ verified. 
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24.0 Reconciliation with User Requirements 
 

The objective of the meteorological network is to collect data that will provide the necessary information 
for the ²59vπ!v5 to assess whether the DQOs are being met. The meteorological data will be used to 
ŎƘŀǊŀŎǘŜǊƛȊŜ ŀƴŘ ƳƻƴƛǘƻǊ ǘǊŜƴŘǎ ƛƴ ŀƛǊ ǉǳŀƭƛǘȅΣ bŀǘƛƻƴŀƭ ŀƴŘ {ǘŀǘŜ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎΩ ŎƻƳǇƭƛŀƴŎŜΣ and 
may be used for national health assessments, model evaluations, and comparison with 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 precision, bias and completeness. 
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APPENDIX A: Standard Operating Procedures 
 
A.1 Standard Operating Procedure for Meteorological Sensors 
 
A.2 Standard Operating Procedure for Meteorological Sensor Audits 
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A.1 Standard Operating Procedure for Meteorological Sensors 
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1.0 Scope and Applicability 
 

This SOP applies to the quality assurance activities involving the performance evaluations of meteorological 
sensors within the ²59vπ!v5 air quality monitoring network. Meteorological audits are required two (2) 
ǘƛƳŜǎ ǇŜǊ ȅŜŀǊ ǇŜǊ ²59vπ!v5 v!tt ŀƴŘ ŀǎ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘŜ vǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜ IŀƴŘōƻƻƪΣ ±ƻƭΦ L±Φ 
¢Ƙƛǎ {ht ŘŜǘŀƛƭǎ ǘƘŜ ǇǊƻŎŜŘǳǊŜǎ ²59vπ!v5 ǿƛƭƭ ǘŀƪŜ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ŀǳŘƛǘǎ ƛƴ ǘƘŜ ŦƛŜƭŘΦ hŎŎŀǎƛƻƴŀƭƭȅΣ ǘƘŜ 
²59vπ!v5 Ƴŀȅ ŎƻƴǘǊŀŎǘ ƻǳǘ ǘƘŜ ŀǳŘƛǘǎΦ LŦ ǘƘƛǎ ƛǎ ǘƘŜ Ŏase, the Contractor may have their own SOP to 
follow. 
 
Meteorological measurements encompass a variety of different types of instrumentation and techniques. 
For this SOP and supporting documents, meteorological sensors include: 

 

¶ Wind speed 

¶ Wind direction 

¶ Vertical wind speed 

¶ Ambient temperature 

¶ Delta Temperature 

¶ Relative humidity 

¶ Barometric Pressure 

¶ Solar Radiation 

¶ Precipitation 
 

1.1 Introduction 
 

!ǳŘƛǘǎ ŀǊŜ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ ƛƴŘŜǇŜƴŘŜƴǘ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ǇŜǊǎƻƴƴŜƭ ŦǊƻƳ Řŀǘŀ ƎŜƴŜǊŀǘƛƻƴΦ CƻǊ ²59vπ !v5Σ 
the QA Coordinator or designated Contractor will travel to the site location with independent equipment to 
perform the audit. The audit is performed by using a certified meteorological equipment. 
 
It is a requirement for meteorological sensors to be audited twice a year. 
 

2.0  Summary of Method 
 

¢Ƙƛǎ ƳŜǘƘƻŘ ƛǎ ŦƻǊ ǳǎŜ ŦƻǊ ŀǳŘƛǘƛƴƎ ²59vπ!v5 ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǎŜƴǎƻǊǎΦ ¢ƘŜ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ōŜ ŀǳŘƛǘŜŘ 
include wind speed, wind direction, vertical wind speed, ambient temperature at two (2) meters and ten 
(10) meters, delta temperature, relative humidity, solar radiation, barometric pressure, station temperature, 
and precipitation. These parameters will be audited twice a year. 

 

2.1 Definitions 
 

The following terms that are used throughout this document are defined here: 
 

¶ NIST: This acronym refers to the National Institute of Standards and Technology. This is a 
laboratory in Washington D.C. that creates standards for instruments and materials for 
ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ƴƻƴπ ƎƻǾŜǊƴƳŜƴǘŀƭ ŜƴǘƛǘƛŜǎ ŀƴŘ ŀƭǎƻ ŎƻƻǇŜǊŀǘŜǎ ǿƛǘƘ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎ ǘƻ 
create international standards. This is performed so that a value of one thing in data 
collected anywhere in the world or U.S. is comparable to the same information collected 
somewhere else. 

¶ NIST Traceability: This term refers to a άǘǊŀƴǎŦŜǊέ of a standard or technique that allows the 
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 calibration (MFC) unit is also calibrated using NIST traceable flow 
devices, so that the operator in the field will know the level of gas that is being delivered 
within a known level of confidence. All ƎŀǎŜƻǳǎ ŀƴŀƭȅȊŜǊǎ ǿƛǘƘƛƴ ǘƘŜ ²59vπ!v5 ƴŜǘǿƻǊƪ ŀǊŜ 
NIST traceable. 

¶ Horizontal Wind Speed: Horizontal 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 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 of rotation and wind speed, 
above the starting threshold. Please note that because no 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 verification thatΥ мύ ǘƘŜ ǎŜƴǎƻǊΩǎ ǎǘŀǊǘƛƴƎ ǘƘǊŜǎƘƻƭŘ Ƙŀǎ ƴƻǘ ŎƘŀƴƎŜŘΣ ƻǊ ƛǎ 
ōŜƭƻǿ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǘŀǘŜŘ ǎǘŀǊǘƛƴƎ ǘƘǊŜǎƘƻƭŘ and 2) the transducer is 
properly converting cup rate of rotation (rpm) to wind speed. For sonic anemometer 
systems are based on the principle that wind changes the transit time of a sound pulse across 
a fixed distance. Sonic systems can be designed in two dimensions for horizontal wind speed 
and direction as a replacement for the cup and vane or propeller units, or in three dimensions 
for both horizontal and vertical wind measurements. The measurement principle is based on 
the disturbance of the winds between the ultrasonic emitter and the receiver. The emitter 
sends out an ultrasonic pulse that is received by the sensor. As the wind perturbs this pulse 
wave, the sensor can detect the difference between calm winds and winds moving between 
the sensor and emitter. This 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 Speed: The 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 plus (+) or minus όπύ direction of rotation. Performance audits verify starting 
threshold as stated in 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 that: 1) ǘƘŜ ǎŜƴǎƻǊΩǎ starting 
threshold has not changed, or is ōŜƭƻǿ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǘŀǘŜŘ starting 
threshold and 2) the transducer is properly converting propeller rpms to wind speed. 

¶ Horizontal Wind Direction: Wind direction sensors indicate the direction from 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 shaft to detect wind direction. Wind 
applies a force to 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 torque requirements. Sonic 
anemometers can detect wind direction as well due to 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 
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a temperature probe. The probes can be thermistor, resistance temperature detector (RTD), 
or thermocouple. The probe to be audited should be located in a radiation shield which 
protects it from the effects of solar heating and wind variations. 

¶ Delta Temperature: Also known as delta T όɲ¢ύΣ for air quality applications, delta temperature 
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. 

¶ Relative humidity: RH is the ratio of the existing amount of water vapor in the air at a given 
temperature to the maximum amount that could exist at that temperature. This value is 
usually expressed in percent relative humidity (%RH), which is a variable parameter which is 
affected by atmospheric conditions during its measurement. Capacitive sensors sense RH 
utilizing a strip of metal between an electrical current. The metal strip electrical capacity 
(i.e., voltage) changes linearly with the RH. 

¶ Barometric pressure: BP measurements can be used in modeling and can be used to correct 
an ambient measurement to standard conditions (298oK and 760 millimeters of mercury). BP 
sensors use pressure transducers which transform the sensor response into ŀ ǇǊŜǎǎǳǊŜπ
related electrical. 

¶ Solar Radiation: Solar radiation is related to atmospheric stability and is commonly 
described in units of energy flux: Watts per square meter (W/m2). A pyranometer measures 
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 (solar) and upward (terrestrial) radiation. 

¶ PrecipitationΥ tǊŜŎƛǇƛǘŀǘƛƻƴ ƛǎ ŘŜŦƛƴŜŘ ŀǎΣ άǘƘŜ ǘƻǘŀƭ ŀƳƻǳƴǘ ƻŦ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǿƘƛŎƘ ǊŜŀŎƘŜǎ 
the ground in a stated period is expressed as the depth to which it would cover a horizontal 
ǇǊƻƧŜŎǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛŦ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ƭƻǎǎ ōȅ ŜǾŀǇƻǊŀǘƛƻƴ ƻǊ ǊǳƴπƻŦŦ ŀnd if any 
ǇŀǊǘ ƻŦ ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŦŀƭƭƛƴƎ ŀǎ ǎƴƻǿ ƻǊ ƛŎŜ ǿŜǊŜ ƳŜƭǘŜŘέΦ tǊŜŎƛǇƛǘŀǘƛƻƴ ƎŀǳƎŜǎ ǿƻǊƪ ƻƴ 
the principle of a tipping bucket gauge. A funnel directs precipitation to a small inlet that 
directs water over two equal compartments, or buckets, that tilt  in sequence with each 
representing a known quantity of rainfall. The motion of the buckets causes an electrical 
switch to close and the numbers of tips are counted. 
 

3.0  Health and Safety Warnings 
 

The following health and safety warning must be followed in order for safe operation of the instrument. 
 

¶ Many meteorological instruments are mounted on booms on towers that can range between 
ten (10), twenty (20) or even thirty (30) meters in height. It is strongly recommended never 
climb towers unless you are trained 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, calibrations or maintenance. 

¶ Most meteorological instruments operate on low direct current (DC) voltage. Usually, this 
voltage is 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 powered by DC or AC current. In addition, if an instrument 
has ǘǿƻπƭŜŀŘ wire, this means there is no ground on the instrument. Be careful not to ground 
the instruments if performing troubleshooting as this can damage electronic components. 

¶ If working with any glass devices, such as burettes or flasks, use caution to not break them. 

¶ Avoid electrical contact with jewelry. Remove rings, watches, bracelets, and necklaces to 
prevent electrical burns. 
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4.0  Cautions 
 

¶ Always obtain the orientation of the instrument boom before you lower the tower. This can 
be done using a GPS device that shows position and direction. 

¶ It is recommended that a winch and cable system be installed to lower the tower. 

¶ Some meteorological towers can be very heavy. It is recommended that two (2) or three (3) 
people be available to lower towers on a tripod base. Do not drop the tower. This can 
damage the instruments on the top boom or bend the tower. 

¶ Always guy the meteorological tower. High, consistent or gusty winds can damage or even 
knock over a tower that is not guyed. 

 

4.1  Interferences 
 

Do not place solar radiation sensors in location where a shadow may cross over its sensor. This will cause a 
false reading, and the data will need to be invalidated. 
 

5.0 Personnel Qualifications 
 

Lǘ ƛǎ ǘƘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƻŦ ²59vπ!v5 ƻǊ ǘƘŜ /ƻƴǘǊŀŎǘƻǊ ǘƻ ǘǊŀƛƴ ǘƘŜƛǊ ŀǳŘƛǘƛƴƎ ǎǘŀŦŦ ƻƴ ƛƴǎǘǊǳƳŜƴǘ ƻǇŜǊŀǘƛƻƴ 
and maintenance. It is a requirement of the ²59vπ!v5 ǘƻ ǘǊŀƛƴ ǘƘŜƛǊ staff and keep records of all training 
that is performed. Although meteorological instruments are ǎŜƭŦπŎƻƴǘŀƛƴŜŘΣ there is a level of knowledge of 
ŜƭŜŎǘǊƻƴƛŎǎ ŀƴŘ ƪƴƻǿπƘƻǿ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΦ The instrument 
manual is the best training tool for this. 
 

6.0 Equipment 
 

The following supplies are required for the operation of this instrument: 
 

¶ Wind speed R.M. Young Selectable Speed Anemometer Drive and R.M. Young torque disk 

¶ Wind direction: Bruton compass to determine the alignment of the sensor. R.M. Young Vane 
Angle Bench Stand. 

¶ Ambient temperature: NIST traceable thermometer, potable water, ice, heating element and 
thermally isolating container. 

¶ Delta Temperature: NIST traceable thermometer, potable water, ice, heating element and 
thermally isolating container. 

¶ Relative Humidity: NIST traceable temperature/RH sensor, a data logger, aspiration shield. 

¶ Barometric Pressure: NIST traceable altimeter 

¶ Solar Radiation: NIST traceable solar radiation pyranometer 

¶ Precipitation: 1000 mL drip bottle and water 
 

6.1 Inspection/Acceptance of Supplies and Consumables 
 

Spare parts will be purchased only from the instrumentation manufacturer by the QA Coordinator. Parts will 
be inspected by the QA Coordinator for shipping damage upon receipt. Spare parts will be kept in the 
²59vπ!v5 ǿƻǊƪǎƘƻǇ ŦƻǊ ǳǎŜ ǿƘŜƴ ƴŜŜŘŜŘΦ ²ƛƴŘ ǎǇŜŜŘ ŀƴŜƳƻƳŜǘŜǊ ŘǊƛǾŜǎΣ ŀƭǘƛƳŜǘŜǊΣ ǊŜƭŀǘƛǾŜ ƘǳƳƛŘƛǘȅ 
probe, and thermometers will be sent off for annual certification. Solar sensors will be sent off every two (2) 
years for certification. 
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7.0 Quality Assurance Procedures 
 

Audits are required to be performed at a minimum of twice a year per ²59vπ!v5Ωǎ Meteorological QAPP. 
 
The audits are performed by challenging the sensor with known parameters or by collocation. The 
procedure for each sensor is listed in this section. On all audit forms, record the site sensor information 
including the make/model/serial number. For the audit forms, it is necessary to select the site type 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 Solar Sensor Audit 
 

1. Collocated at least one (1) audit solar sensor with the site sensor. This can be done by placing 
the audit sensor directly next to the site sensor, relocating the site sensor next to 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. 

2. Make sure the audit sensor(s) is level and clean. 
3. Connect the audit sensor(s) to the audit data logger. 
4. Inspect the site sensor to check if it is clean and level. Note on audit form. 
5. Record hourly averages for the site and the audit sensor(s). Record on audit form. 

 

7.2 Relative Humidity Audit 
 

1. Note if site has an active or passive aspiration shield. 
a. If site has a passive aspiration shield, attach audit aspiration shield and insert RH probe 

as close as possible to the site sensor. 
b. If site has an active aspiration shield, try to collocate the sensors as best as possible, 

under similar conditions. 
2. Connect the audit RH probe to the audit data logger. 
3. Record hourly averages for the site and the audit sensor(s). Record on audit form. 

 

7.3 Barometric Pressure Audit 
 

1. Hold audit standard as close to site sensor. Record the audit barometric pressure value. 
2. On the site DAS, record the site barometric pressure value. Convert this to mmHg if necessary. 

 

7.4 Precipitation Gauge Audit 
 

1. Make notation in station logs and/or flag the precipitation channel in ǘƘŜ ƻƴπǎƛǘŜ data 
logger indicating performance audit. 

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

3. Fill drip bottle to 1000 mL. 
4. Take large screen out of the precipitation gauge, if it is in the gauge. 
5. Let bottle drip until empty. 
6. Check the appropriate box for the make/model of the precipitation gauge on the audit form. 

Enter the DAS value in mm when all water has been introduced to the gauge. Convert value 
from inches to mm if necessary. 
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7.5 Wind Direction Audit 
 

1. Sensor Alignment 
a. Make notation in station logs and/or flag the wind direction channel in the ƻƴπǎƛǘŜ 

data logger indicating performance audit. 
b. Determine the magnetic declination of magnetic north from true north using 

one of the following methods: 
i. Approved Solar Azimuth applications on your smart phone 
ii. National Geomagnetism Program from the 

USGS web site 
(https://geomag.usgs.gov/models) 

iii. National Centers for Environmental 
Information web site 
(https://www.ncei.noaa.gov/) 

iv. U.S. Navy Observatory web site (https://www.cnmoc.usff.navy.mil/usno/) 
c. Set up tripod and affix compass or transit at the same location where alignment 

checks will be performed (care should be taken to ensure the location is free of 
nearby interferences such as buried wires or pipes, buildings, cell phones, belt 
buckles, or other ferrous materials). 

d. Adjust the compass or transit to match the azimuth or declination determined. 
e. Rotate compass or transit to align the crosshairs through the ŎǊƻǎǎπŀǊƳ or 

alignment rod of the wind direction sensor. 
f. Enter alignment results in the audit form. 

2. Sensor Linearity 
a. Use the appropriate linearity test assembly for the sensor under audit. 

i. RM Young sensors generally use either RM Young Model 18112 or 18212 
ii. Climatronics sensors use a уπǇƻǎƛǘƛƻƴ Wilson Machining disc 

b. Cycle the test assembly through nine (9) 45° increments. 
c. Enter results in audit form. 

3. Starting Threshold/Torque 
a. While sensor is on the linearity template and level on the ground, release the tail 

such that it is freely moving. Install the torque disc on the sensor shaft. 
b. Note the weight size and distance from center when the shaft first turns (torque). 
c. NOTE: this test is extremely difficult when windy. 

 

7.6 Wind Speed Audit 
 

1. Wind Speed 
a. aŀƪŜ ƴƻǘŀǘƛƻƴ ƛƴ ǎǘŀǘƛƻƴ ƭƻƎǎ ŀƴŘκƻǊ ŦƭŀƎ ǘƘŜ ǿƛƴŘ ǎǇŜŜŘ ŎƘŀƴƴŜƭ ƛƴ ǘƘŜ ƻƴπ

site data logger indicating performance audit. 
b. On the audit form, select the manufacturer and model of the sensor and 

measured units. This will populate the motor speed targets. 
c. Remove the propeller for the site monitor and attach the variable speed 

anemometer to the sensor shaft input. 
d. Set the anemometer drive to the slowest motor speed from the audit 

form and allow to stabilize. 
e. Record the results from the DAS in the audit form. 
f. Repeat with the other motor speeds listed on the audit form. 

2. Starting Threshold/Torque 
a. Install the torque disc on the sensor shaft. 
b. Hold the sensor such that the shaft is parallel to 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. Note the weight size and distance from center when the shaft first turns (torque). 
d. Enter the value in the audit form. 

3. Vertical Wind Speed 
a. Follow the same process above using a low speed wind anemometer. 
b. Motor speeds will be tested clockwise and counter clockwise. 

 

7.7 Ambient Temperature and Delta Temperature Audit 
 

1. Make notation in station logs and/or flag the temperature channels and delta temperature 
ŎƘŀƴƴŜƭ ƛƴ ǘƘŜ ƻƴπǎƛǘŜ Řŀǘŀ ƭƻƎƎŜǊ ƛƴŘƛŎŀǘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀǳŘƛǘΦ 

2. tǊŜǇŀǊŜ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ǿŀǘŜǊ ōŀǘƘǎ ƛƴ ŀƴ ƛƴǎǳƭŀǘŜŘ ǘƘŜǊƳƻǎΥ ƛŎŜ ōŀǘƘΣ ŀƳōƛŜƴǘ ōŀǘƘ όϤмрπнр 
ϲ/ύ ŀƴŘ ŀ ƘƛƎƘ ǊŀƴƎŜ ōŀǘƘ όϤплπрл ϲ/ύΦ aŜŀǎǳǊŜ ǘƘŜǎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿƛǘƘ ŀ bL{¢πǘǊŀŎŜŀōƭŜ 
digital thermometer. 

3. Remove the temperature probe(s) from 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. 

5. Agitate the water bath until the values indicated on the DAS and audit standard stabilize. 
6. Record measurements on the audit form. 
7. Repeat for the other two (2) water baths. 
8. 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. Environmental Protection Agency, 2000, Meteorological Monitoring Guidance for 
wŜƎǳƭŀǘƻǊȅ aƻŘŜƭƛƴƎ !ǇǇƭƛŎŀǘƛƻƴǎΣ 9t!πпрпκwπффπллр όCŜōǊǳŀǊȅ нлллύΦ 
https://www.epa.gov/sites/default/files/2020-10/documents/mmgrma_0.pdf 
 

2. Environmental Protection Agency, 2008, Quality Assurance Handbook for Air Pollution 
Measurement Systems: Volume IV. Meteorological Measurements (Version 2.0), 9t!π
прпκ.πлуπ ллн όaŀǊŎƘ нллуύΦ https://www.epa.gov/sites/default/files/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 A ς Meteorological Audit Forms 
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A.2 Standard Operating Procedure for Meteorological Sensor Audits 
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1.0  Scope and Applicability 
 

This SOP applies to the quality assurance activities involving the performance evaluations of meteorological 
sensors within the ²59vπ!v5 air quality monitoring network. Meteorological audits are required two (2) 
ǘƛƳŜǎ ǇŜǊ ȅŜŀǊ ǇŜǊ ²59vπ!v5 v!tt ŀƴŘ ŀǎ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ ǘƘŜ vǳŀƭƛǘȅ !ǎǎǳǊŀƴŎŜ IŀƴŘōƻƻƪΣ ±ƻƭΦ L±Φ ¢Ƙƛǎ 
{ht ŘŜǘŀƛƭǎ ǘƘŜ ǇǊƻŎŜŘǳǊŜǎ ²59vπ!v5 ǿƛƭƭ ǘŀƪŜ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ŀǳŘƛǘǎ ƛƴ ǘƘŜ ŦƛŜƭŘΦ hŎŎŀǎƛƻƴŀƭƭȅΣ ǘƘŜ ²59vπ
AQD may contract out the audits. If this is the case, the Contractor may have their own SOP to follow. 
 
Meteorological measurements encompass a variety of different types of instrumentation and techniques. For 
this SOP and supporting documents, meteorological sensors include: 

 

¶ Wind speed 

¶ Wind direction 

¶ Vertical wind speed 

¶ Ambient temperature 

¶ Delta Temperature 

¶ Relative humidity 

¶ Barometric Pressure 

¶ Solar Radiation 

¶ Precipitation 
 

1.1  Introduction 
 

Audits are performed with independent equipment and personnel from data generation. For ²59vπ !v5Σ 
the QA Coordinator or designated Contractor will travel to the site location with independent equipment to 
perform the audit. The audit is performed by using certified meteorological equipment. 
 
It is a requirement for meteorological sensors to be audited twice a year. 

 

2.0  Summary of Method 
 

¢Ƙƛǎ ƳŜǘƘƻŘ ƛǎ ŦƻǊ ǳǎŜ ŦƻǊ ŀǳŘƛǘƛƴƎ ²59vπ!v5 ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǎŜƴǎƻǊǎΦ ¢ƘŜ ǇŀǊŀƳŜǘŜǊǎ ǘƻ ōŜ ŀǳŘƛǘŜŘ 
include wind speed, wind direction, vertical wind speed, ambient temperature at two (2) meters and ten 
(10) meters, delta temperature, relative humidity, solar radiation, barometric pressure, station temperature, 
and precipitation. These parameters will be audited twice a year. 

 

2.1 Definitions 
 
The following terms that are used throughout this document are defined here: 

 

¶ NIST: This acronym refers to the National Institute of Standards and Technology. This is a 
laboratory in Washington D.C. that creates standards for instruments and materials for 
ƎƻǾŜǊƴƳŜƴǘ ŀƴŘ ƴƻƴπ ƎƻǾŜǊƴƳŜƴǘŀƭ ŜƴǘƛǘƛŜǎ ŀƴŘ ŀƭǎƻ ŎƻƻǇŜǊŀǘŜǎ ǿƛǘƘ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎ ǘƻ 
create international standards. This is performed so that a value of one (1) thing in data 
collected anywhere in the world or U.S. is comparable to the same information collected 
somewhere else. 

¶ NIST Traceability: This term refers to a άǘǊŀƴǎŦŜǊέ of a standard or technique that allows the 
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 then placed into a compressed gas aluminum cylinder. In addition, the flow 
rates of the mass flow calibration (MFC) unit is also calibrated using NIST traceable flow 
devices, so that the operator in the field will know the level of gas that is being delivered 
within a known level of confidence. All ƎŀǎŜƻǳǎ ŀƴŀƭȅȊŜǊǎ ǿƛǘƘƛƴ ǘƘŜ ²59vπ!v5 ƴŜǘǿƻǊƪ ŀǊŜ 
NIST traceable. 

¶ Horizontal Wind Speed: Horizontal 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 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 of rotation and wind speed, 
above the starting threshold. Please note that because no 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 
ǇǊƻǾƛŘŜǎ ǇƘȅǎƛŎŀƭ ǾŜǊƛŦƛŎŀǘƛƻƴ ǘƘŀǘΥ мύ ǘƘŜ ǎŜƴǎƻǊΩǎ ǎǘŀǊǘing threshold has not changed, or is 
ōŜƭƻǿ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǘŀǘŜŘ ǎǘŀǊǘƛƴƎ ǘƘǊŜǎƘƻƭŘ and 2) the transducer is 
properly converting cup rate of rotation (rpm) to wind speed. For sonic anemometer 
systems are based on the principle that wind changes the transit time of a sound pulse across 
a fixed distance. Sonic systems can be designed in two (2) dimensions for horizontal wind 
speed and direction as a replacement for the cup and vane or propeller units, or in three 
dimensions for both horizontal and vertical wind measurements. The measurement 
principle is based on the disturbance of the winds between the ultrasonic emitter and the 
receiver. The emitter sends out an ultrasonic pulse that is received by the sensor. As the 
wind perturbs this pulse wave, the sensor can detect the difference between calm winds 
and winds moving between the sensor and emitter. This 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 Speed: The 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 plus (+) or minus όπύ direction of rotation. Performance audits verify starting 
threshold as stated in 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 that: 1) ǘƘŜ ǎŜƴǎƻǊΩǎ starting 
threshold has not changed, or is ōŜƭƻǿ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǘŀǘŜŘ starting 
threshold and 2) the transducer is properly converting propeller rpms to wind speed. 

¶ Horizontal Wind Direction: Wind direction sensors indicate the direction from 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 shaft to detect wind direction. Wind 
applies a force to 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 torque requirements. Sonic 
anemometers can detect wind direction as well due to 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), 
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or thermocouple. The probe to be audited should be located in a radiation shield which 
protects it from the effects of solar heating and wind variations. 

¶ Delta Temperature: Also known as delta T όɲ¢ύΣ for air quality applications, delta temperature 
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. 

¶ Relative humidity: RH is the ratio of the existing amount of water vapor in the air at a given 
temperature to the maximum amount that could exist at that temperature. This value is 
usually expressed in percent relative humidity (%RH), which is a variable parameter which is 
affected by atmospheric conditions during its measurement. Capacitive sensors sense RH 
utilizing a strip of metal between an electrical current. The metal strip electrical capacity 
(i.e., voltage) changes linearly with the RH. 

¶ Barometric pressure: BP measurements can be used in modeling and can be used to correct 
an ambient measurement to standard conditions (298oK and 760 millimeters of mercury). BP 
sensors use pressure transducers which transform the sensor response into ŀ ǇǊŜǎǎǳǊŜπ
related electrical. 

¶ Solar Radiation: Solar radiation is related to atmospheric stability and is commonly 
described in units of energy flux: Watts per square meter (W/m2). A pyranometer measures 
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 (solar) and upward (terrestrial) radiation. 

¶ PrecipitationΥ tǊŜŎƛǇƛǘŀǘƛƻƴ ƛǎ ŘŜŦƛƴŜŘ ŀǎΣ άǘƘŜ ǘƻǘŀƭ ŀƳƻǳƴǘ ƻŦ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǿƘƛŎƘ ǊŜŀŎƘŜǎ 
the ground in a stated period is expressed as the depth to which it would cover a horizontal 
ǇǊƻƧŜŎǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛŦ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ƭƻǎǎ ōȅ ŜǾŀǇƻǊŀǘƛƻƴ ƻǊ ǊǳƴπƻŦŦ ŀnd if any 
ǇŀǊǘ ƻŦ ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŦŀƭƭƛƴƎ ŀǎ ǎƴƻǿ ƻǊ ƛŎŜ ǿŜǊŜ ƳŜƭǘŜŘέΦ tǊŜŎƛǇƛǘŀǘƛƻƴ ƎŀǳƎŜǎ ǿƻǊƪ ƻƴ 
the principle of a tipping bucket gauge. A funnel directs precipitation to a small inlet that 
directs water over two equal compartments, or buckets, that tilt  in sequence with each 
representing a known quantity of rainfall. The motion of the buckets causes an electrical 
switch to close and the numbers of tips are counted. 

 

3.0  Health and Safety Warnings 
 

The following health and safety warning must be followed in order for safe operation of the instrument. 
 

¶ Many meteorological instruments are mounted on booms on towers that can range between 
ten (10), twenty (20) or even thirty (30) meters in height. It is strongly recommended never 
climb towers unless you are trained 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, calibrations or maintenance. 

¶ Most meteorological instruments operate on low direct current (DC) voltage. Usually, this 
voltage is 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 powered by DC or AC current. In addition, if an instrument 
has ǘǿƻπƭŜŀŘ wire, this means there is no ground on the instrument. Be careful not to ground 
the instruments if performing troubleshooting as this can damage electronic components. 

¶ If working with any glass devices, such as burettes or flasks, use caution to not break them. 
¶ Avoid electrical contact with jewelry. Remove rings, watches, bracelets, and necklaces to 

prevent electrical burns. 
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4.0  Cautions 
 

¶ Always obtain the orientation of the instrument boom before you lower the tower. This can 
be done using a GPS device that shows position and direction. 

¶ It is recommended that a winch and cable system be installed to lower the tower. 

¶ Some meteorological towers can be very heavy. It is recommended that two (2) or three (3) 
people be available to lower towers on a tripod base. Do not drop the tower. This can 
damage the instruments on the top boom or bend the tower. 

¶ Always guy the meteorological tower. High, consistent or gusty winds can damage or even 
knock over a tower that is not guyed. 

 

4.1  Interferences 
 

Do not place solar radiation sensors in location where a shadow may cross over its sensor. This will cause 
false reading and the data will need to be invalidated. 

 

5.0 Personnel Qualifications 
 

Lǘ ƛǎ ǘƘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƻŦ ²59vπ!v5 ƻǊ ǘƘŜ /ƻƴǘǊŀŎǘƻǊ ǘƻ ǘǊŀƛƴ ǘƘŜƛǊ ŀǳŘƛǘƛƴƎ ǎǘŀŦŦ ƻƴ ƛƴǎǘǊǳƳŜƴǘ ƻǇŜǊŀǘƛƻƴ 
and maintenance. It is a requirement of the ²59vπ!v5 ǘƻ ǘǊŀƛƴ ǘƘŜƛǊ staff and keep records of all training 
that is performed. Although meteorological instruments are ǎŜƭŦπŎƻƴǘŀƛƴŜŘΣ there is a level of knowledge of 
ŜƭŜŎǘǊƻƴƛŎǎ ŀƴŘ ƪƴƻǿπƘƻǿ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΦ The instrument 
manual is the best training tool for this. 

 

6.0 Equipment 
 

The following supplies are required for the operation of this instrument: 
 

¶ Wind speed R.M. Young Selectable Speed Anemometer Drive and R.M. Young torque disk 

¶ Wind direction: Bruton compass to determine the alignment of the sensor. R.M. Young Vane 
Angle Bench Stand. 

¶ Ambient temperature: NIST traceable thermometer, potable water, ice, heating element and 
thermally isolating container. 

¶ Delta Temperature: NIST traceable thermometer, potable water, ice, heating element and 
thermally isolating container. 

¶ Relative Humidity: NIST traceable temperature/RH sensor, a data logger, aspiration shield. 

¶ Barometric Pressure: NIST traceable altimeter 

¶ Solar Radiation: NIST traceable solar radiation pyranometer 

¶ Precipitation: 1000 mL drip bottle and water 
 

6.1 Inspection/Acceptance of Supplies and Consumables 
 

Spare parts will be purchased only from the instrumentation manufacturer by the QA Coordinator. Parts will 
be inspected by the QA Coordinator for shipping damage upon receipt. Spare parts will be kept in the 
²59vπ!v5 ǿƻǊƪǎƘƻǇ ŦƻǊ ǳǎŜ ǿƘŜƴ ƴŜŜŘŜŘΦ ²ƛƴŘ ǎǇŜŜŘ ŀƴŜƳƻƳŜǘŜǊ ŘǊƛǾŜǎΣ ŀƭǘƛƳŜǘŜǊΣ ǊŜƭŀǘƛǾŜ ƘǳƳƛŘƛǘȅ 
probe, and thermometers will be sent off for annual certification. Solar sensors will be sent off every two (2) 
years for certification. 
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7.0 Quality Assurance Procedures 
 

Audits are required to be performed at a minimum of twice a year per ²59vπ!v5Ωǎ Meteorological QAPP. 
 
The audits are performed by challenging the sensor with known parameters or by collocation. The 
procedure for each sensor is listed in this section. On all audit forms, record the site sensor information 
including the make/model/serial number. For the audit forms, it is necessary to select the site type 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 Solar Sensor Audit 
 

1. Collocated at least one (1) audit solar sensor with the site sensor. This can be done by 
placing the audit sensor directly next to the site sensor, relocating the site sensor next to 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. 

2. Make sure the audit sensor(s) is level and clean. 
3. Connect the audit sensor(s) to the audit data logger. 
4. Inspect the site sensor to check if it is clean and level. Note on audit form. 
5. Record hourly averages for the site and the audit sensor(s). Record on audit form. 

 

7.2 Relative Humidity Audit 
 

1. Note if site has an active or passive aspiration shield. 
a. If site has a passive aspiration shield, attach audit aspiration shield and insert RH 

probe as close as possible to the site sensor. 
b. If site has an active aspiration shield, try to collocate the sensors as best as possible, 

under similar conditions. 
2. Connect the audit RH probe to the audit data logger. 
3. Record hourly averages for the site and the audit sensor(s). Record on audit form. 

 

7.3 Barometric Pressure Audit 
 

1. Hold audit standard as close to site sensor. Record the audit barometric pressure value. 
2. On the site DAS, record the site barometric pressure value. Convert this to mmHg if necessary. 

 

7.4 Precipitation Gauge Audit 
 

1. Make notation in station logs and/or flag the precipitation channel in ǘƘŜ ƻƴπǎƛǘŜ data 
logger indicating performance audit. 

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

3. Fill drip bottle to 1000 mL. 
4. Take large screen out of the precipitation gauge, if it is in the gauge. 
5. Let bottle drip until empty. 
6. Check the appropriate box for the make/model of the precipitation gauge on the audit form. 

Enter the DAS value in mm when all water has been introduced to the gauge. Convert value 
from inches to mm if necessary. 
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7.5 Wind Direction Audit 
 

1. Sensor Alignment 
a. Make notation in station logs and/or flag the wind direction channel in the ƻƴπǎƛǘŜ 

data logger indicating performance audit. 
b. Determine the magnetic declination of magnetic north from true north using 

one of the following methods: 

i. Approved Solar Azimuth applications on your smart phone 
ii. National Geomagnetism Program from the 

USGS web site 
(shttps://geomag.usgs.gov/models) 

iii. National Centers for Environmental 
Information web site 
(https://www.ncei.noaa.gov/) 

iv. U.S. Navy Observatory web site (https://www.cnmoc.usff.navy.mil/usno/ ) 
c. Set up tripod and affix compass or transit at the same location where alignment 

checks will be performed (care should be taken to ensure the location is free of 
nearby interferences such as buried wires or pipes, buildings, cell phones, belt 
buckles, or other ferrous materials). 

d. Adjust the compass or transit to match the azimuth or declination determined. 
e. Rotate compass or transit to align the crosshairs through the ŎǊƻǎǎπŀǊƳ or 

alignment rod of the wind direction sensor. 

f. Enter alignment results in the audit form. 
2. Sensor Linearity 

a. Use the appropriate linearity test assembly for the sensor under audit. 

i. RM Young sensors generally use either RM Young Model 18112 or 18212 
ii. Climatronics sensors use a уπǇƻǎƛǘƛƻƴ Wilson Machining disc 

b. Cycle the test assembly through nine (9) 45° increments. 
c. Enter results in audit form. 

3. Starting Threshold/Torque 
a. While sensor is on the linearity template and level on the ground, release the tail 

such that it is freely moving. Install the torque disc on the sensor shaft. 

b. Note the weight size and distance from center when the shaft first turns (torque). 
c. NOTE: this test is extremely difficult when windy. 

 

7.6 Wind Speed Audit 
 

1. Wind Speed 
a. aŀƪŜ ƴƻǘŀǘƛƻƴ ƛƴ ǎǘŀǘƛƻƴ ƭƻƎǎ ŀƴŘκƻǊ ŦƭŀƎ ǘƘŜ ǿƛƴŘ ǎǇŜŜŘ ŎƘŀƴƴŜƭ ƛƴ ǘƘŜ ƻƴπǎƛǘŜ Řŀǘŀ 

logger indicating performance audit. 
b. On the audit form, select the manufacturer and model of the sensor and measured 

units. This will populate the motor speed targets. 
c. Remove the propeller for the site monitor and attach the variable speed 

anemometer to the sensor shaft input. 
d. Set the anemometer drive to the slowest motor speed from the audit form and allow 

to stabilize. 
e. Record the results from the DAS in the audit form. 
f. Repeat with the other motor speeds listed on the audit form. 

2. Starting Threshold/Torque 
a. Install the torque disc on the sensor shaft. 

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. Hold the sensor such that the shaft is parallel to the ground. 
c. Note the weight size and distance from center when the shaft first turns (torque). 
d. Enter the value in the audit form. 

3. Vertical Wind Speed 
a. Follow the same process above using a low speed wind anemometer. 
b. Motor speeds will be tested clockwise and counter clockwise. 

 

7.7 Ambient Temperature and Delta Temperature Audit 
 

1. Make notation in station logs and/or flag the temperature channels and delta temperature 
ŎƘŀƴƴŜƭ ƛƴ ǘƘŜ ƻƴπǎƛǘŜ Řŀǘŀ ƭƻƎƎŜǊ ƛƴŘƛŎŀǘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜ ŀǳŘƛǘΦ 

2. Prepare three (3) different water baths in an insulated thermos: ice bath, ambient bath 
όϤмрπнр ϲ/ύ ŀƴŘ ŀ ƘƛƎƘ ǊŀƴƎŜ ōŀǘƘ όϤплπрл ϲ/ύΦ aŜŀǎǳǊŜ ǘƘŜǎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿƛǘƘ ŀ bL{¢π
traceable digital thermometer. 

3. Remove the temperature probe(s) from 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. Agitate the water bath until the values 
indicated on the DAS and audit standard stabilize. 

5. Record measurements on the audit form. 
6. Repeat for the other two (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. 
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APPENDIX A ς Meteorological Audit Forms 
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