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Summary

This document reports the audit findings made by RTI International (RTI) after conducting a Technical Systems
Audit (TSA) on the ozone collection process and ozone data and data management operated by Air Resources
Specialists, Inc. (ARS) for Clean Air Status and Trends Network (CASTNET) program. ARS is responsible for
overseeing the operations of the CASTNET sites located at the National parks and operated by the National Park
Service (NPS) staff. A TSA was conducted to assess its compliance with established regulations governing the
collection, analysis, validation, and reporting of ambient air quality data. The TSA consisted of an onsite visit to
a NPS air monitoring site (Mammoth Cave National Park, KY — MAC426), a virtual audit of the Ozone
Calibration Laboratory processes at the ARS facility in Ft. Collins, Colorado (CO), and a remote review of
ozone data collection and data management.

RTI prepared two questionnaires based on US Environmental Protection Agency (EPA) guidance, Conducting
Technical Systems Audits of Ambient Air Monitoring Programs (EPA-454/B-17-004) November 2017, 40 Code
of Federal Regulations (CFR) Part 58 and Appendix H of the Quality Assurance Handbook for Air Pollution
Measurement Systems, Volume II, (EPA-454/B-17-001) January 2017 (QA Handbook). The first questionnaire
covered the onsite visit to the field site and the review of the Ozone Calibration Laboratory processes. The
second questionnaire discussed activities related to the data review and data management for ozone data. Prior
to the TSA, RTI submitted the questionnaires to the ARS staff to be interviewed and the CASTNET Program
Manager, Mr. Kemp Howell, and the CASTNET Quality Assurance (QA) Manager, Mr. Marcus Stewart. The
questionnaires were finalized by the RTI auditors following the audit process and included responses from the
ARS staff. The questionnaires are attached as Appendices A and C.

The RTI audit team consisted of Dr. Prakash Doraiswamy and Mr. Andrew Dart. Dr. Doraiswamy was
responsible for overseeing the auditing activities as well as leading the data management review. Mr. Dart
performed the onsite review of the field site and participated in the virtual review of Ozone Calibration
Laboratory processes along with Dr. Doraiswamy. RTI staff conducted interviews with the ARS staff on
various aspects of the air monitoring program including such areas as network design, field operations,
laboratory operations, data handling, and quality assurance and quality control (QA/QC) procedures. Mr. Dart
visited the MAC426 site and reviewed the onsite procedures. Dr. Doraiswamy and Mr. Dart conducted the
virtual review of the ozone calibration laboratory processes and conducted interviews with ARS staff regarding
the review and handling of ozone data, the data validation and correction procedures, data processing, and
internal and final reporting. Dr. Doraiswamy performed the data review and data management audit. He
reviewed the ozone raw data records from the MAC426 site and compared the data posted to CASTNET
website, the NPS website, and the US EPA Air Quality System (AQS) database. He also performed a review of
the overall ozone data management system and QA/QC checks from the site through ARS to these databases.

For the CASTNET program, the activities at the field sites and supporting laboratories are overseen and
performed by two organizations. Wood Environment and Infrastructure Solutions, Inc. (Wood) is responsible
for the sample collection activities at the US EPA field sites, providing filter pack and ozone support to the site
operators, filter pack laboratory analyses support and data review / management / reporting for all of the
CASTNET sites (US EPA and NPS), data reporting for ozone from the US EPA sites to AQS and filter pack
results from all CASTNET sites to the CASTNET website. ARS is responsible for overseeing and providing
support to the ozone collection operations at the NPS sites, data reporting to AQS and NPS websites, and
assisting site operators with logistical support in the filter packs collection that are sent to the Wood Laboratory
in Newberry, Florida (FL).

Findings

The findings listed below were based on a small sample set (one field site visit, a virtual review of the Ozone
Calibration Laboratory processes, and a review of the ozone data stream from the MAC426 site) overseen by
ARS. Continual review of the entire network should be conducted to verify if the findings are an anomaly or
consistent throughout the entire CASTNET network.



During the audit of the CASTNET ozone process (field (NPS-governed sites), calibration laboratory, and data
management reviews) performed by ARS, RTI was extremely impressed with several aspects of the program
such as:

ARS management structure that oversees the CASTNET program is precise and well organized. The ARS
support staff are knowledgeable, experienced, cooperative, and supportive.

Supportive communication link between ARS (Ozone Calibration Laboratory and Information Management
Center (IMC)) with the site operators is advantageous and valuable means of communication.

Knowledgeable, reliable, and conscientious field team with NPS (Mr. Johnathan Jernigan).

Use of consistent and current state of art instrumentation (Thermo 491, ESC data loggers, and mass flow
controllers),

Multiple calibration and verification checks conducted within the measurement system at the field sites and
five levels of validation of data from field to reporting databases,

Use of electronic means to maintain and store field information and provide instructions to the site operators
in the forms of the QAPP, SOPs, checklists, and field notations on the DataView software system,

Use of database program with e-mail prompts to track and schedule recertification of field equipment, and

The levels of NIST-traceable standards used in the program (Level II transfer standards, Level III onsite
standard, and Level IV site analyzer).

In April-May 2017, RTI conducted a TSA of the ozone collection and reporting system overseen by ARS at one
of the NPS site locations for the CASTNET program. At that time, RTI found four areas that ARS could
improve to strengthen their program. Most of the 2017 findings have been remedied. For this TSA, RTI did
have a few findings that should be addressed or clarified. The major deficiencies are listed below and are
discussed in detail in this report.

The QAPP organization chart refers to AMEC instead of Wood. The organization chart needs to be updated
as part of the next revision cycle to correct the name to Wood. Additional staff changes in the data
validation team and in the field specialists’ team will also need to be made to the QAPP as part of the next
revision cycle.

Obsolete copies (hard copies) of field operation SOPs were found at the field site location. Outdated QAPP
was found on the DataView system.

The QAPP and some of the SOPs on the NPS website will need to be updated with the recent versions.
Similarly, the SOPs in the CASTNET QAPP Appendix 3 will need to be updated with the recent revisions,
where applicable.

Key Improvements since last TSA (April-May 2017)

1.

2.

The QAPP has been updated and revised. ARS has instituted a process where it is reviewed annually, and
any changes are noted in a letter to the NPS. A complete update and revision of the QAPP is performed
every 5 years.

A detailed organization chart is included in the QAPP.



Section 1: Introduction

For the Clean Air Status and Trends Network (CASTNET) program, the activities at the field sites and
supporting laboratories are overseen and performed by two organizations. Wood Environment and
Infrastructure Solutions, Inc. (Wood) and Air Resources Specialists, Inc. (ARS) are responsible for overseeing
the US Environmental Protection Agency (EPA) and National Park Service (NPS) field sites, respectively. This
technical systems audit (TSA) involves the audit of the ozone operations performed by ARS located in Ft.
Collins, Colorado (CO). At these sites, ozone data is collected based on the requirements stated in 40 Code of
Federal Regulations (CFR) Part 58.

RTI International (RTI) performed TSAs of the ozone collection process and data and data management
operated by ARS. The TSA consisted of an onsite visit to a NPS site (Mammoth Cave National Park —
MACA426), a virtual review of the Ozone Calibration Laboratory processes at the ARS facility in Ft. Collins,
CO, and a remote review of ozone data collection and data management. This audit was focused on measuring
ambient air quality (ozone) and reporting the data and other related information as stated in 40 CFR Part 58.
The specific areas of monitoring criteria RTI reviewed and observed were:

Quality assurance procedures for monitor operation and data handling

Methodology used in monitoring stations

Operating schedule

Siting parameters for instruments or instrument probes

Minimum ambient air quality monitoring network requirements used to make decisions (network design
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requirements — number of sites and samplers used)
6. Air quality data reporting and requirements involved.

On February 9, 2021, Mr. Andrew Dart conducted the TSA at the MAC426 field site in the Mammoth Cave
National Park, KY. At the site, Mr. Dart was able to discuss the field operations for the ozone collection process
with the site operator, Mr. Johnathan Jernigan, and the ARS Field Specialist Mr. Dave Beichley. Mr. Beichley
also conducted the 6-month calibration of the CASTNET ozone and meteorological system.

On February 17, 2021, Mr. Dart and Dr. Doraiswamy performed a virtual review of the Ozone Calibration
Laboratory processes. RTI auditors discussed the operations and support provided by ARS to the field sites and
operators and followed up on questions from the onsite visit. Dr. Doraiswamy talked to Ms. Jessica Ward, the
ARS Information Management Section Manager on the data reviewing process and data management for the
ozone collection process. The key ARS staff involved during the auditing process was:

e Mr. Mike Slate (ARS Field Operations Manager),
e Ms. Emily Vanden Hoek (ARS Quality Assurance Manager), and
o Ms. Jessica Ward (ARS Information Management Section Manager)

Sections 2, 3, 4, 5, 6, and 7 of this report discuss the general findings of the ARS’s ozone collection process;
network management; field operations at the MAC426 site; laboratory operations at the Ozone Calibration
Laboratory; data management; and quality assurance/quality control (QA/QC) within the ozone collection
process, respectively. The appendices are copies of the questionnaires and responses used during the audit,
pictures of the MAC426 monitoring site taken during the site visit, a copy of the last 6-month audit of the
MACA426 site, and a copy of the last National Performance Audit Program (NPAP) of the MAC426 site.



Section 2: General Program

In 2011, the U.S. EPA upgraded all ozone monitoring equipment at the EPA CASTNET monitoring sites to
comply with the requirements stated in 40 CFR Part 58. Each CASTNET site that collects hourly ozone data
must meet the additional audit requirements and comply with the data reporting deadlines set forth in the CFR.
ARS is responsible for providing technical support to the site operators (subcontractors); maintaining the
operation of all field equipment; collecting, analyzing, and reporting the ozone data; and developing an auditing
program to meet the CFR requirements for all NPS CASTNET sites. ARS submits the real time NPS
CASTNET hourly ozone data to the NPS websites daily. In addition, ARS submits the CASTNET ozone data to
the US EPA’s Air Quality System (AQS) database.

During the visits to the field site, the Ozone Calibration Laboratory review, and review of the ozone data and
data management, the RTI auditors concluded that the requirements in the CFR were being met. The ARS
management and support staff structure at the main laboratory in Ft. Collins, CO is well-organized and
documented in the NPS Gaseous Pollutant Monitoring Program (GPMP) Quality Assurance Project Plan
(QAPP), Revision 4 dated October 2020. The QA Manager and field support staff are knowledgeable of their
job requirements and very cooperative during the audit. There is an established communication chain between
ARS management and support staff and site operators and good documentation practice through the use of an
electronic program, DataView, that allows the site operators to document maintenance and any issues.

Prior to the TSA, ARS sent the list of documents requested by RTI. This included the QAPP and the Standard
Operating Procedures (SOPs) and other documentation such as the 6-month calibration reports, data summary
reports and PE audit reports. Ms. Ward from ARS provided the link (http://ard-request.air-
resource.com/project/) for the GPMP website for the NPS. At this website, the ARS-NPS QAPP, field SOPs, 6-
month calibration reports, field site contacts information, and project reports for the ozone collection program
were found. The QAPP on the NPS website is outdated. The QAPP and SOPs on the NPS GPMP website need
to be replaced with the most recent versions. The field operations SOPs were checked and confirmed against the
SOPs listed under the CASTNET website (CASTNET QAPP Appendix 3 ARS SOPs). The ARS SOPs on the
CASTNET website need to be updated with the revised versions.

The NPS QAPP is written in accordance with U.S. EPA Guidance Documents, “EPA Requirements for Quality
Assurance Project Plans (EPA QA/R-5)” (EPA, 2001), and “EPA Guidance for Quality Assurance Project Plans
(EPA QA/G-5)” (EPA, 2002) and contains all of the necessary elements for an EPA-approved QAPP. It
integrates all technical and quality aspects of a project, including planning, implementation, and assessment, and
documents the quality assurance and quality control that are applied to an environmental data operation to assure
the results obtained are of the type and quality needed and expected. The SOPs are written in accordance with
U.S. EPA Guidance Documents, “EPA Guidance for Preparing Standard Operating Procedures (SOPs) (EPA
QA4/G-6)” (EPA, 2001). The NPS QAPP and SOPs are reviewed annually. The ARS-NPS QAPP is revised
every 5 years with interim changes documented in an email to the NPS. The QAPP was recently approved in
January 2021.

FINDINGS

No problems or issues were found based on the review of the QA documentation. Some of the ARS SOPs on
the CASTNET Website are outdated. Similarly, the NPS GPMP QAPP and SOPs on the NPS website are
outdated.

RECOMMENDATIONS

Outdated SOPs on the CASTNET website need to be replaced with the most recent approved versions.
Similarly, the QAPP and the SOPs on the NPS website need to be replaced with the most recent approved
versions.



http://ard-request.air-resource.com/project/
http://ard-request.air-resource.com/project/

Section 3: Network Management

Wood and ARS operate and maintain the ozone collection network for the CASTNET program. ARS is
primarily responsible for overseeing the NPS sites and reporting the data from those sites to NPS and AQS.
Wood oversees the EPA sites and is responsible for the data collection, management, and reporting of the ozone
data from the EPA CASTNET monitoring sites to AQS. The network consists of 86 monitoring sites. The most
recent 5-year network assessment was dated July 1, 2020 and the most recent annual network plan (2020
CASTNET Annual Network Plan) was dated June 30, 2020. Both documents are available on the CASTNET
website (Documents & Reports | Clean Air Status and Trends Network (CASTNET) | US EPA). Mr. Timothy Sharac of
U.S. EPA CAMD in Washington D.C. Office has custody of the network plan and the plan is maintained on the
CASTNET website.

During this TSA, RTI visited Mammoth Cave National Park (MAC426) near Bowling Green, KY. Based on 40
CFR Part 58, the site is within siting criteria requirements and has not requested or received any waivers. At
each site, the distance from roadways, obstructions, trees were all within the EPA criteria. The inlet heights
were all within the required range in 40 CFR 58, Appendix E. The site is outfitted with a datalogger and data is
backed up on the computer and a server database.

Exhibit 1 displays the current organizational chart for the ARS-NPS management and staff working on the
CASTNET program obtained from the QAPP. The Exhibit refers to AMEC instead of Wood and needs to be
updated in the QAPP as part of the next revision cycle.

FINDINGS

No problems or issues based on the review of one field site visit (MAC426) and discussions with the ARS
management and QA Manager.

The organization chart in the QAPP refers to AMEC instead of Wood.

RECOMMENDATIONS

The name “AMEC” needs to be updated to Wood Environment and Infrastructure Solutions, Inc.


https://www.epa.gov/castnet/documents-reports

Exhibit 1. NPS/BLM/ARS CASTNET Project Organization

NATIONAL PARK SERVICE
AIR RESOURCES DIVISION

Contracting Officer
Jennifer Gartzke

Contracting Officer’'s Representative
Barkley Sive

AIR RESOURCE SPECIALISTS, INC.

Fiscal

AMEC Subcontractor *
Kemp Howell - Subcontractor Manager
Marcus Stewart - Quality Assurance
Kevin Mishoe - Field Operations
Chrizs Rogers - Data Management

Buginess Manager
Jim Allan

President and Program Manager
Joe Adlhoch

Quality Assurance [
Technical Writer
Emily Vanden Hoek
Marcus Stewart® [

Carol Wanta®

Network Operations
Section
Mike Slate
Kevin Mishoe®

Information
Management Section
Jessica Ward
Chris Rogers®

Information Technology
Batsy Davis-Noland
Eric Coan

Field Operations Technical Assistant Information Management Center
Mike Slate Genevieve Lariviere (IMC) Data Management
And Reporting
Field Specialists
Dave Beichley Adam Christman Data Analysts
Chad Cole Jonathan Furst Courtney Grant
John Krolak Mart Smith
Emily Wiech
Laboratory Operations e
Marty Mills




Section 4: Field Operations

ARS oversees the NPS-governed CASTNET monitoring sites. During this TSA, RTI visited the MAC426 site near
Bowling Green, KY. Exhibit 2 displays information regarding the site location, site and backup operators,
equipment for each site, GPS coordinates, and site elevation. The GPS coordinates and site elevation were
measured by the RTI auditor and confirmed against the data for the sites on the CASTNET website.

Exhibit 2. MAC426 Site Information

MAC426
Site Location Address Mammoth Cave National Park

107-199 Alfred Cook Rd, Park City, KY 42160
AQS Number 21-061-0501
Site Operator Contact Information Johnathan Jernigan

johnathan_jernigan@nps.gov

Backup Site Operator Contact Brice Leech
Information

Site Ozone Analyzer (Manufacturer, | Thermo 49i
S/N, EPA decal) S/N 1030745085

Transfer Standard Site Ozone Thermo 491

Analyzer (Ozone Station Reference) | g/N 1015543061
(Manufacturer, S/N, EPA Decal)

GPS Coordinates 37.1864° N
86.0411°' W
Elevation 744 ft

The ARS field specialists oversee the field activities for the NPS-governed sites. The site operators (NPS ranger or
other personnel) collect the field samples (filter pack) and complete the Site Status Report Forms (SSRFs) based on
procedures listed in CASTNET QAPP Appendix 1 Standard Operating Procedures. The site operator uses the
DataView software program on the site’s laptop to document all activities at the site during their normal visit on
Tuesday and non-routine visits due to issues or problems at the site. The site operator does not enter any ozone
information on the SSRF. All data entries are electronic (DataView). Hard copy forms are only used if the
DataView log is not working. There was no evidence of the DataView system not working, but there are several
forms on hand at the site for the site operator in case of electronic system failure. The field oversight operation of
the NPS-sites for the CASTNET program is led by Mr. Mike Slate and Mr. Mark Tigges. Site support is performed
by a group of Field Specialists (Mr. Dave Beichley, Mr. Chad Cole, Mr. John Krolak, and Mr. Jonathan Furst). The
QA group is led by Ms. Emily Vanden Hoek, the QA Manager, and she is supported by Mr. Christian Kirk, the QA
Officer for the CASTNET program at ARS. The CASTNET program for NPS sites is led by Mr. Joe Adlhoch. The
data management and data review is led by the Information Management Section (IMC) Manager, Ms. Jessica
Ward. She is supported by data analysts (Ms. Emily Wiechman, Ms. Brittany Decker, Ms. Molly Andersen and
Mr. Matt Smith). As a group, the Field Specialists are responsible for calibration and maintenance of the ozone
analyzers, maintenance of the monitoring site, training the site operators, and conducting the 6-month calibrations
of the analyzers. The data management group along with the Field Specialists is responsible for the field sites being
fully operational and collecting valid data.

At the NPS sites, zero, span, and precision (ZSP) checks and monthly and multi-point calibrations are performed on
the ozone analyzers. The ZSP checks are automated and occur every day at 1:46 am (takes approximately 20
minutes). The site operator performs a 6-point calibration (200, 150, 100, 60, 30 and 0 ppb) every 6 months. All
electronic data are saved on the site’s laptop and transmitted by the data logger to the ARS primary server. ARS
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staff also use the Site Status Log, which is a web-based interface to the Air Quality Data Base Management System
(AQDBMS) at ARS, to log operational and maintenance issue at monitoring sites. This is more comprehensive than
entries in the DataView log.

The site operator visits the site every Tuesday as stated in the ARS Field SOPs. In some cases, the site operator
might visit more frequently if they are responsible for other networks at that monitoring site. There is no
independent flow rate check other than during the 6-month calibration, but the site operator does perform a leak
check. The site operator also replaces the inline Teflon filter near the ozone inlet every 2 weeks. After collecting
their filter packs and verifying the ozone collection process is working properly, the site operator documents all
activities on the DataView software system and then submits sampled filter pack and SSRF to the Wood Laboratory
in Newberry, FL.

4.1 Mammoth Cave National Park (MAC426) Field Site

On February 9, 2021, Mr. Dart met with Mr. Beichley, the ARS Field Specialist, at a hotel in Bowling Green, KY
and followed him to the MAC426 field site. Mr. Beichley was at the site to conduct the 6-month calibration check
on the CASTNET instrumentation. Mr. Johnathan Jernigan, the site operator, arrived to change out the filter and
check the ozone system during his normal Tuesday operation. Mr. Dart was able to observe Mr. Jernigan removing
and loading the filter pack, replacing the inline filter, and conditioning it for ozone collection, completing SSRF,
and using DataView to check meteorological instrumentation and ozone check. Mr. Dart also discussed training
provided, general operations, use of DataView system, troubleshooting, maintenance, and repair/replacement of
equipment at the site with Mr. Jernigan.

The MAC426 site was established as a CASTNET site on July 24, 2002. Operations at the site are performed by
following Weekly Station Visit Checklist and Multi-point Calibration Checklist on the DataView log. The
CASTNET and ARS-NPS QAPPs and current field SOPs are stored on DataView system on the site’s laptop.

When reviewing documentation maintained at the field site, Mr. Dart found an obsolete version of the ARS QAPP
(QAPP Rev3 2015) on the DataView system. This needs to be updated to the most recent version dated October
2020 and approved January 2021. There were also outdated SOPs at the site.

Site operators are trained three ways under the ARS-NPS program for CASTNET. The first option is from the
previous site operator. In the case of MAC426, Mr. Johnson was the previous site operator and Mr. Jernigan was
an intern under Mr. Johnson. Mr. Johnson provided thorough training to Mr. Jernigan and this training is
reinforced by the second option, training by the ARS Field Specialists during the 6-month calibration checks. The
Field Specialists now complete a Tailgate Safety Meeting Form and Site Operator Training Form (see Exhibit 3 for
the entries for the last training provided) so that any training provided is documented and signed off by the trainer
(ARS Field Specialist) and trainee (site operator). This document is hand-written and later placed in PDF format
and sent to the site for their training records on the site’s computer. The third training option is when a new site is
established or relocated. For this option, the Field Specialist will train the site operator and site manager. In all
cases of training options, the training is documented, the documentation is tracked and managed; and the site
operators are provided with ARS contact information to answer any follow up questions.

Maintenance and repair work on instruments are performed at the monitoring site, if possible, by the Field
Specialists during the 6-month calibration check. The Field Specialist completes a form as displayed in Exhibit 4.
When repairs are not possible onsite, equipment is brought back to the ARS Ozone Calibration Laboratory, which
serves as the centralized maintenance and repair facility.



Exhibit 3. Last Two MAC426 Tailgate Safety Meeting and Site Operator Training Forms

Air Resource
SPECIALISTS

TAILGATE SAFETY MEETING FORM
AND SITE OPERATOR TRAINING

Instructicns
To be completed prior to the beginning of a new job, when changes in work procedures oceur, or when additional hazards are present.

NAME, DATE, TYPE, LOCATION OF
PROJECT OR WORK ACTIVITY: NEAREST HOSPITAL:
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Air Resource
y SPECIALISTS

TAILGATE SAFETY MEETING FORM
AND SITE OPERATOR TRAINING

Instructions
To be completed prior to the begirming of a new job, when changes in work procedures occur, or when additional hazards are present.
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Exhibit 4. Copy of the Semiannual Site Visitation Checklist

SITE VISITATION CHECKLIST Air Resource
A SPECIALISTS

Station: Visit Conducted By:

Station Operator:. Site Visit Dates:

1. SHELTER AHND TOWER INTEGRITY {verify condition and proper operation)

ITEM CORRECTIVE ACTION
Shelter Exterior (roof, siding, door, etc.}
Shelter Interior (floor, walls, ceiling, door, racks)
Shelter Electrical (outlets, lights, grounding, polarity)
Shelter Heating and Air Conditioning (inspect. clean, check thermostats)
Meteorological Tower (supports, guys, hardware, grounding)
Flow Tower (supports, guys, hardware, grounding)
Other:

| o

2. SUPPORT SYSTEM INTEGRITY {verify condition and proper operation)

ITEM CORRECTIVE ACTION
Lightning Protection Panel (LPP)
Quality Assurance Monitor (QAM), STP Maonitor
Power and Telephone Lines
Interconnect Cabling (tower and shelter)
Intake and Exhaust Manifolds (if applicable)
Other:

OOOOo0oa

3. AIR QUALITY EQUIPMENT CALIBRATIONSMAINTENANCE

Fra Muim ot

Cal Complsted Cal ITEM CORRECTIVE ACTION
O | O Cia Analyzer

O O O O3 Transfer Standard

O O 0O Consumable Reagents Replaced [charcoal/dessicant)

O O O Clean ar Change Inlet Tubing

O O O Other:

4. CASTHNET SAMPLING EQUIPMENT CALIERATION/MAINTENANCE

Frs  Maih  Poct

Cal  Complebed ITEM CORRECTIVE ACTION
| | | Sampling System Leak Check

O O O Flow Controller Calibrated (pre and post values must be documented)

a O O Replace Balston Particulate Filter

O O 0O Rebuild Pump

o

. METEOROLOGICAL EQUIPMENT CALIBRATIONS/MAINTENANCE

ITEM CORRECTIVE ACTION
Wind Speed Range (4 point)
Wind Speed Starting Threshold
Wind Direction Orientation and Linearity (8 point)
Wind Direction Torque
Temperature Probes (3 point)
Relative Humidity Senscr (hourly averages)
Aspirators (Climatronics/Qualimetrics/AM Young/Rotronics)
Solar Radiation (hourly averages)
Precipitation
Orther:

i
]

o o [ 8
I o
o [ [

- Continued -
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Exhibit 4. Copy of the Semiannual Site Visitation Checklist (Continued)

Air Resource
A l.'.'z; :I_ '\| fi L f'_*. | '

6. DATA ACQUISITION CALIBRATIONS! MAINTEMANCE! OPERATIONAL VERIFICATION
Pre Maunt  Poat
Cal Completed Cal ITEM CORRECTIVE ACTION
O O O Datalagger Time and Date
O O O Datalogger Keyboard (operations test, cleaned)
O O O Datalagger Modem
O O O DataView System (computer operational, software functioning,
communication links functioning)
O 0O 0O Printer (operations test, ribbon, cleaned)
O O O Other:

7. STATION MODIFICATIONS AND CONFIGURATION ENHANCEMENTS

Pre Maint. Pogt-

Cal  Comglstsd Cal ITEM CORRECTIVE ACTION
o o

o o 4

o o 4

o o 4

8. OBSERVE/TRAIN STATION OPERATOR

ITEM CORRECTIVE ACTION
Observe Operator Competence
Review Log Notes, Data Documentation
Train, if necessary
Review Changes in S0Ps or Other Operational Changes
erify That On-Site 30Ps are Available and Complete
Emcourage/Answer Station Operator Comments or Questions
Inform Operator if Additional Action is Reguired

I o

9. VERIFY AMD UPDATE SITE EQUIPMENT INVENTORIES AND DOCUMENTATION

ITEM CORRECTIVE ACTION
O imwventory Completed
O site Documentation Photographs Taken:

- Cardinal Directions - All Other Exterior Instrumentation
- Shelter Exteror Clase-up - Interior Instrumentation
- Towers) with Instrumentation - Scenic Photograph

Semiannual visit checkilst doc (D317

—End -
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Site Description

The Mammoth Cave National Park Field Site is located 20 miles northeast of Bowling Green Kentucky along the
southwest border of the Park. The entrance is located at the east side of the site with a small parking area near the
entrance gate. There is a six-foot-high chain link fence along the perimeter of the site. The boundary of the site
measures approximately 77 ft by 85 ft. The shelter which houses the CASTNET instrumentation is roughly 10 ft
tall with two 10 m towers alongside. One tower houses the ozone inlet and filter pack. The other tower houses the
ambient gas monitor inlet for SO,, NO, and NOy. The 10 m meteorological tower is independently supported
approximately 7.5 m due west of the ozone inlet tower. Other instrumentation on the main shelter includes a
Nephelometer sampler, NASA AERONET monitor, and a PM, s TEOM sampler which was not in operation at that
time. Also, at the site is an IMPROVE sampler station housed in a separate shelter, a 5 m tall meteorological tower
for the RAWS program, and four separate rain/precipitation gages.

Items Compass
Degrees Distance (m) Height (m)

A. 10 m tower, ozone inlet and filter pack - - 10
B. PM;,s TEOM sampler inlet 165 2.7 1.7 (height above roof)
C. 10 m tower with gas analyzer inlet 260 4 10 (height above roof)
D. NASA UV meter 120 4.6 1 (height above roof)
E. Nephelometer sampler 90 34 1.5 (height above roof)
F. IMPROVE samplers 150 9.3 (shelter center) 3.7 (shelter height)
G. 10 m tower for meteorological tower 240 7.5 10
H. 5 m tower - RAWS meteorological 236 16.5 5
I. Tipping rain gages 190 13 1
J. Weighing rain gages 175 20.8 1.2

See Appendix A for responses to questionnaire and Appendix B for photos of the MAC426 site.

FINDING 1:
Obsolete copies (hard copies) of field operation SOPs were found at the field site location (MAC426).

Discussion:

When reviewing documentation maintained at the field site, Mr. Dart found a binder with old ARS SOPs for field
operations at the site. The site operator (Mr. Jernigan) uses the DataView system for his visit as he demonstrated
during the TSA. But when discussing the need for hard copies of SOPs at the site, Mr. Slate suggested these hard
copy SOPs were used if the DataView system was down (inoperative). This practice is a good backup plan to have
hard copies for when the computer system is down, but these SOPs need to be replaced with current SOPs.

RECOMMENDATION:

RTI recommends removing the obsolete hard copy versions of the field SOPs and replacing them with the current
versions. Obsolete SOPs should be checked at all of the other NPS sites under the CASTNET program. Based on
Section 9 Verify and Update Site Equipment Inventories and Documentation on the Semiannual Site Visit
Checklist, it is recommended that a check be added to that section to specifically ensure documents are the latest
version and to remove obsolete documents. RTI recommends that the ARS Field Operations Specialist Manager,
QA Officer, and QA Manager discuss the handling of obsolete documents (hard copies) and have further discussion
with the other Field Specialists to confirm that they are also looking for obsolete documentation in the site’s
shelters.

ARS Response:
14



Hard copies of SOPs and checklists will be reviewed by the ARS field specialists during each maintenance visit.
Outdated copies will be removed and replaced with current versions.

FINDING 2:
Obsolete version of the ARS QAPP was found on the DataView system. A hard copy of the current QAPP was not
available at the site.

Discussion:

Mr. Dart mentioned the obsolete document to Mr. Slate during a follow up phone call. Mr. Slate replaced the
outdated QAPP with the latest version, Revision 4, dated October 2020 to the DataView system.

RECOMMENDATION:

RTI recommends that the Field Specialist(s) review the documentation in the shelter and remove any obsolete
documents, when conducting their 6-month calibration check. Further, before leaving for the site visits, prepare a
hard copy packet of current documents (QA documents, contact list, checklist, etc.) to replace obsolete documents
during the 6-month calibration check.
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Section 5: Laboratory Operations (Ozone Calibration Laboratory)

The Ozone Calibration Laboratory is staffed by experts in ambient ozone measurements. The audit consisted of a
remote review of the processes and did not involve an onsite visit. The laboratory consists of a central laboratory
for providing maintenance, repairs, testing, and verifying the equipment used in the ozone collection process. The
Ozone Calibration Laboratory also ships and receives the Level II transfer standards used by the field technicians
during the 6-month calibration checks.

Staff at the ARS Laboratory maintain and control all NIST-traceable certifications of their standards through a
database. This database prompts when a standard is coming close to being out of certification. This database
allows the Field Specialists to prepare a standards package prior to visiting the sites for a 6-month calibration
check. The Level II standards are certified by EPA Regional Office and the Level III site analyzers are certified by
ARS with Level II ozone analyzers. Currently, there are four Level II transfer standards (see Exhibit 5) and annual
recertifications all of which are maintained in the database of certifications on the ARS server. The Ozone
Calibration Laboratory also maintains one lab standard (also Level II) that always remains in the laboratory unless
being recertified.

Exhibit 5. Standards Used by ARS on CASTNET Program

Manufacturer S/N and . .
EPA Decal Number Last Certification Date
Level II Transfer Standards
. . March 19, 2020 by US EPA in RTP, NC by Scott Moore
1| Thermo 49i S/N: 1130450195 using NIST SRP (NIST Certified on 5/26/2019)
. . February 11, 2020 by US EPA in RTP, NC by Scott
2 | Thermo 49i S/N: 1130450196 Moore using NIST SRP (NIST Certified on 3/28/19)
. . February 25, 2020 by US EPA in RTP, NC by Scott
3 | Thermo 49i S/N: 1130450197 Moore using NIST SRP (NIST Certified on 3/28/2019)
. . February 11, 2020 by US EPA in RTP, NC by Scott
4 | Thermo 49i S/N: 1130450192 Moore using NIST SRP (NIST Certified on 3/28/2019)
Laboratory-Controlled Standards
. October 13, 2020 by US EPA region 8 by Joshua,
1| Thermo 49C S/N: 75759380 Rickard using NIST SRP (NIST Certified on 11/1/2019)

A primary responsibility of the staff in the Ozone Calibration Laboratory is to provide technical support to the site
operators that operate the CASTNET monitoring sites. The staff can be reached by telephone and e-mail for
regular communication. DataView Log and Site Status Log are both used to document maintenance, equipment
issues, or problems encountered at the site. All telephone calls relating to issues at the monitoring sites are also
documented in the Site Status Log. All records are electronically backed up and the QA Manager conducts internal
reviews of the complete process.

The ARS QA Manager and QA Officer have worked with the Field Operations Manager to improve the
documentation tracking of training provided to current Field Specialists and newly hired Field Specialists. Exhibit
6 is an example of a Field Specialist’s ARS Field Technician Technical Training Checklist that includes required
EPA Air Pollution Training Online Course and field equipment used at the Ozone Calibration Laboratory and field
sites. When a Field Specialist completes a training task, a senior Field Specialist (trainer) signs off and dates the
completion. This checklist is an internal checklist used by the Ozone Calibration Laboratory and is provided to the
QA Manager as a record of performance capabilities.
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Exhibit 6. Example of ARS Field Technician Technical Training Checklist

ARS Field Technician Technical Training Checklist
https://www.apti-learn.net/LMS/EPAHomePage.aspx

Date Employee Traioer

completed  Initiak mimigs  Adr Polution Training Institute Online Courses
ey dl | v A% 5 | 100 Basic Concepts in Emvisenmantal Scences
g2l Co Ty | 108 Intresduetion to Air Polution
T [ M laon Basic ir Pollution Metearlogy
T;E;L| [ WL lazz Network Design B Site Salection for Moniorng PM2.5 & PM10In Ambient Alr
1 gy 21 . .r'_'._ ,l,.rl-r? i 54 inerecduction o Ambkent Alr Monitanng
[T rya A 436 sie Selection for Monitoring of 503 and P10 In Amblent A
| 471 General Cuslity Assurance Dansidarations For Ambiera Air Monzoning (1534}
a7 EA Beginning Emdranmental Statistcal Technigues
Date Empkrgee  Triieds
completed  Initisk inmials  Flald Training
e e AV | Termr braining and fowser rescue fraining
NEIF-J =y AL | Frst AlCPR Training
wlfln‘l_,ﬁ',;'._ e ARt &5 and 49 Caone #nakyzer mameal
TZmree | & P | Review Teledyre AR 400FT800 Ozone Analyzer marval
(g | @1 E |Dzone Qualty Assurance Trainisg
L i 44 [ 3 ‘r"'_,'-‘_,s_' Tern Alr Source Mantenance Trainng

XL TR Falf i AT |CASTHET Flow Caliwation sred Maintenance Training

. Tl [l = L 3 |Wwied Direction Origntation Trainrg:
L[ Alaflg [ - \Weined Speed and ‘Wined direction calibration and mainbenage (RM Young and Climatronics)

litjg s | 8, |Assbient Temperabure Calibratice: and Manenance Training
J.L."l'f i i f_}ﬁ Antatioe Humidiy Calibration and Mamienance Trainicg

’Jj."H s 5 Previpitation Calibration and maintenance Training (Tipping Budket)
wir ey £ = : %Lsdarhdlmiun{ﬂhrxbﬁand Maimensncs Trainiog
ﬁﬁﬂﬂ o a4 |parometric Pressune Calibration and Maintenance Trainig:
200 200 ¥ Ay |Met One BAM 1020 Calibration and Maintanace Training

Thesmi TECM 1400 AB Calbration and Mainlananga Training
Thermo TEOR 14051 8050F Calibration and Maintenance Training
AHIZ0 | £ L] Thesmo 5014 BAM Calibraton and Matenance Training

Pzt O E-Samadar Calibration and Mainterance Traiing
PletOing E-BAR Calitration and Mainbenante Traning

E—

Frsld | £-% A |T8 Dt Trak Calibeation and gintenance Training
PHILY | S el |mos Definer 220 Opératian Training
T A L = B Qﬂ BGI DeltaCal Oparation Trsining

Thisrris 43003 502 Aralyrer Caliration snd Maintesance Tralning
Tedadyre AR LOOL 502 Analyser Calibration and Maintenancs Training
T [l e |Thesmo 420043 NOSMO2 NG Analyeer Calibration and Maintenance Traifing
it 3 Ay |Teledyns A 200E NOYNOZ/NOx Anakyzer Calibratian and Maintenance Trainmg
Thermio SBCEE OO Anakyrer Calibration and Maintenance Traning
Taledyre &F1 J00E OO dpalyrer Cal@eation and Maintzrance Traising
Ay | = F LNA |65 AR16/3332 Datalogger Training
T ,:f‘"-f A Campbell 25 Datalagger Training

RS IO e s |Campbel CRESOACRIOGCRANND Dataogger Training
-h.":'-a'ai'f" o 1= 1AL |Dataiew Dvardes and Operation Traifieg

The QA Department also has training checklist documents for staff (Field Specialist) for reading, understanding,
and performing field SOPs for project work (see Exhibit 7). The QA Department also tracks through a checklist
for new Field Specialist’s understanding of 40 CFR Part 50 requirements as displayed in Exhibit 8. A senior Field
Specialist will determine if the new employee has read and understood the SOPs and CFR requirements by
observing their performance in the Ozone Calibration Laboratory and field site visits.

17



Exhibit 7. Example of ARS Field Technician SOP Technical Training Checklist

ARS SOP Review Checklist
Dule Emgloyen  Trawer
complened  nacials Inflals  S0% 1 review
N Project A RESOP- newAFINALYField Dperaticns\Maintenance and Callbration
i/ | ce ME ] e as_MTea_oTraretestd_20160ct F_10
Wiy td | EL Mé& | FGAS_MTCAL_OZONEL2_X0160cs_F 10
e | fr kb | F_gas_MTCAL_OZONELI_30180ce_F_10
ara | e AhG | F_GAS_MTCAL_NOX_20160ct D 16
| Moy [ MiS | F_GAS_MTCAL O 01600 O 10
T; 2qf1 | €< e F_GAS_MTCAL $022016061_0_1.0
el e J"'u'l F_FA_MTCAL_BaM_20160c1_F_1.0
lzosp | CL ME | F_MET_MTCAL AThath_2016_F_1.0
W2ara, ol T4 |0 F_MET_MTCAL_ATRH_Z0LG0ct_F_1I
Wleoru | €< M, F_MET_MTCAL_BAR_20160ct_F_10
Wzl | - M%E | F_MET_MTCAL_BNF_20150ct_F_1.0
L | L M| p mET_MTCAL_SOL_20180ct_F_10
ity | £ s F_MET_MTCAL WO_20160¢1_F_1.0
it | e M4 | p_MET_MTCAL WS_Z0160c F_10
L2 | Co- M4 | p_SMEOPERATOR_ADSITE_20150ct_F_1.0
2 | e Me F_SMNG_A0STE_20160t_F_1.0
1 { E.q'ft.i {:i: Mg | F_WISIT_MTCAL_AGSITE_20150et F_1.0
fraartt | OO | e | o er_woaL_amem_a0ieon_f_10
{rtaetl | & ML | L MET_MTCAL WD_2016Nov_F_1.0
Lt | Cee | M5 | wmea ws 2oieNoy F 1
3350 COLLECTION OF AMBIENT AR GUALITY SN METEOROLOGIZAL MONITORIKG DATA
3450 AMBIENT AR CAMALITY AND METECROLOGICAL MONITORING DATA WALIDATION
3455 CONTINLEUS PARTICULATE MONITORING DATA WALIDATIIN
3550 AMBIENT A CARALITY AND METECROUDGICAL MONITORING DATA REPORTING
IT_AOCE_UPDATES 20160ct_F_1.0
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Exhibit 8. Example of ARS Field Technician 40 CFR Part 50 Technical Training Checklist

ARS Field Technician Technical Training Checklist
Cods of federsl regulations #8 part 8l Nations] asd
aecamdary ambiest nlr quality standimrds {reaRiee mes medhindsh

i o vy 20 0 g i i v es! cal e tioneDir. ackion ool lsctissCoxda=CFR.:

Data Employes Trainer
camplksed  netials Initiaks
Apperads &1 Referemon Measuremer Principhe and Calibration Procedure fos the
I,FE.ﬂzr s ‘”ﬁ Wemmeemenl of Selfor Diosde in the Almosphere (Utravielet Fluorescence Method) )
- Appenadis B Belenencs Mathod for the Determination of Sspended Farticulate Matter in the
'.-""-l;ﬂ-.-'f'r"I e M'f-" Abmomphere {Hgh-velume Methad]
. Anpendy C Measarement Priccise ard Callbration Procedurs for the Measuramant of
| ."'Iigfﬂlf'r (- | -"!"'-5': Carbon Dipwide i the Atmosphers [Nen-DHipersive Infrared Photometryl
- Apperdy D Measuremens Principle and Calibragion Frocedure for the Measuremant of Dzone
LAY 2 Ly | _."-"I"_:. i the Aimaosphare
- Apperds F Measuremant Frinciple and Calibratice Presidures for the Messsrement al
|/1zizr | o f, ML |mmtrogen pioxide in the Armasphene {Ges Phase Chamilminescence]
III" . Appendix G Beferanss Mathod for the Determination of Lesd s Tatal Sespended Particul@te
| = Matter
1 ‘; Agmendly ) Reference Mathad for tha Datermination of Particulabe Maiter a5 P10 In the
(321 | € AN | atmosghere
Agpendis L Azlerence Method Sor Deterniration of Fine Pariiculate Matier a5 PRI in the
|||"13_|.-':__.. { £ | _-"‘-'ll’_-,- AIrepere
[ | - Apgendis 0 Releranca Mathod for the Determination ol Cosese Farticulabe Matter a5 FA110-
IgfEl | oo M |25 in the Atmosphere

Code of Tederad repulabess 40 part 50; Mutional and
seenndary ambient air quality standards (INTERPRETATION of standards)

Pittgrs fwrmw g oo Tl sy browse collectionCir agtion Poallaction Code=CER ;

- Appendix H nkepredation af the L-Hour Primary and Secondary National Ambient &r Cualily

ifESE] s | Mﬁ Standards for Ozone
- Apperdis | eerpretation of the B-Hour Primary and Secondary National Amisent A Quality

i | &£ M5 [standards for Daane

1 = - appendic K inepretation of the National Ambienk A Cluslity Standands tor Parbcalale
Bdaiter

- Appendiz N istepretation of the National Ambient Al Quality Standards for PG
T aggsndix P interpretation of the Frimary and Secondary National Ambient Alr Guslity

Standands for Dzone

dix R Interpretation of the Malicral Ambiert Alr Quality Standard for Lesd
Aggendin 5 Interpretation of the Primary Matisnal Ambiend sir Qualtty Standands for Owides of

Mirregen (Nirogen Dioxide]
aggandix TInberpretation of the Primary National Ambient Sir Quakty stendards tor Owides of

Sullur (Sulfur Dioxide]
Apgendix U Intepretation af s Pricsary and Secondary Nations! ambiest Air Cuallty

Standands for Dzone

Based on the discussions during the virtual review of the Ozone Calibration Laboratory, RTI could not find
any discrepancies in the operations as stated in the NPS CASTNET QAPP or the ARS SOPs.

FINDINGS

No problems or issues found.
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Section 6: Data and Data Management

Introduction

The evaluation of the data management system for ozone data was conducted by RTI that included a visit to the
MACA426 site, a review of the ozone raw data records from the site and a comparison of the data posted to
CASTNET, the NPS Air Resource Division website and EPA’s Air Quality System (AQS) database. Mr. Dart
performed the onsite visit and reviewed the records onsite, while Dr. Doraiswamy performed the off-site data
evaluation.

Data Management Review

The audit of the data review and data management was comprised of five parts: Data Handling/Review, Software
Documentation, Data Validation and Correction, Data Processing, and Reporting (Internal and Externally) as well
as tracking selected data from a site (MAC426) through data review, validation, and posting. ARS has prepared
and documented SOPs designed to cover each of these sections. Ms. Vanden Hoek, the QA manager authored the
SOPs and Ms. Ward, the Information Management Section (IMC) Manager, reviewed and approved the SOPs.

Data management questionnaires were prepared following the guidance in the EPA QA Handbook. The
questionnaire consisted of Part 1 Data Management and Part 2 Data Review that covered the areas noted above and
followed the processes involved with the transferring data points from the ozone analyzer through their online
system to the AQDBMS. The data handling process involves transferring of data through three primary devices:
the ESC datalogger, the DataView software housed on a site laptop, and the AQDMBS located at the ARS office
location.

Dr. Doraiswamy reviewed and discussed Data Processing, Data Validation Procedures and Reporting with Ms.
Ward. The auditors observed the daily checks, the monthly checks, and the final validation. Ms. Ward showed the
stack plots for the ozone data as well as for the calibration data. The automated data validation converts the data
logger codes to flags. On a monthly basis, the data analyst looks at the automated data validation and determines if
the data and the flag look okay and whether any changes to flags were needed based on site information. The final
validation looks at plots of raw data overlayed with invalidated data to quickly visualize invalidated data. They
also do a monthly data review with the NPS during which they also look at other supporting data such as AirNow,
meteorology, etc. The annual data review examines the time series on a quarterly basis rather than weekly basis.

Auditors discussed the process of a new hire performing the data validation. The new hire reviews SOPs, is trained
by an experienced data analyst, observes validation performed by others, next performs the validation under the
supervision of an experienced data analyst and once found to be competent with the process, performs on their own.
New hires are typically assigned simple sites to begin with until they get familiar with the process.

Auditors also discussed the process for software updates and verifications. All roll-outs of new software are tested
and validated as per the SOP titled “SOP Tracking Changes and Updates to ARS Developed Database Software
(IT_AQDB_Updates 20160ct_F 1.0) that outline the process for developing a design plan, test, plan
troubleshooting, and acceptance plan for in-house developed software. As noted in the SOP, the verification
involves using known data to process through the software to ensure correct performance.

No issues were observed. Upon Dr. Doraiswamy’s request, Ms. Ward showed the raw data in the AQDBMS for
the day of the field visit. Appropriate data logger flags were noticed for the hours with the calibration checks
performed by the site operator (see Exhibit 9).
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Exhibit 9. Screen capture of the AQDBMS showing raw data and flags for the day of the onsite
field visit (Feb 9, 2021)

Cave Nati Park Meadow Screen Save Apply Code
Date Time  Par Code Raw Val Screening Flag Logger Qualifier Code(s) Validation ControlVal Validated Val ~ Sou A Malidation L-ode
Flag Code Coi LI Local interference v

02/08/2021  20:00 033 26.7565517 »C »C 99 N

02/08/2021  21:00 033 24.310522 »C >C K-

02/08/2021  22:00 033 206000289 959 |

02/08/2021  23:00 033 22.4057979 899 | Sualiies Podets) :
02/09/2021  00:00 033 22.4796524 999 | I—l
02/09/72021  01:00 033 22.9883594 999 | ek el Cale
02/09/2021  02:00 033 22 568449 999 |

02/09/2021  03:00 033 222184639 999 |

02/09/2021  04:00 033 224966373 999

02/09/2021  05:00 03-3 223644542 899 |

02/09/2021  06:00 03-3 23.3488655 999 |

02/09/2021  07:00 03-3 24.0492305 999 |

02/09/2021  08:00 033 22543991 <0 <D £99 |

02/09/2021  09:00 033 145586257 <D <D 898 |

02/09/2021  10:00 033 73.9721145 <D <D 998 |

02/09/2021  11:00 033 40.3631439 <D <D 899 |

02/09/72021  12:00 033 136.366043 <D <0 898 N

02/09/2021  13:00 033 344.24588 <D <D 898 |

02/09/2021  14:00 033 212011718 <D <D [ 999 |

02/09/2021  15:00 033 23614088 <D <D E-LL

02/09/2021  16:00 033 22.3460331 <0 <0 98 |

02/09/2021  17:00 033 132512161 <D <D 999

02/09/2021  18:00 033 96.8335601 <D <D 999 |

02/09/2021  13:00 03-3 14.7505884 999 |

02/09/2021  20:00 033 17.253088 >C >C 999 W

02/09/2021  21:00 033 17.8170452 >C >C 999

02/09/2021  22:00 033 19.0255336 988 |

02/09/2021  23:00 033 18.3399848 999 |

02/10/2021  00:00 03-3 17.0774021 899 |

02102021  01:00 033 16.4468898 898 |

02/10/2021  02:00 033 16.6046123 998 |

v
< >

Review of data summary reports for September through November 2020 indicated good data completeness (96-
99%) of ozone data during those three months. CO showed low data completeness (47.7%) in October 2020. Mr.
Slate confirmed that it was due to pump failure on 10/14/2020 which was replaced on 10/28/2020.

The overall quantity and quality of CASTNET's project documentation was impressive, and the ARS personnel
who assisted with the audit were knowledgeable and helpful. The data management audit looked at several aspects
of the operation as well as verifying and comparing selected data, including calculated ozone concentrations,
validity flags and status codes, and date/times.

Data were compared at the following points in the process:
e 'raw" data from site data logger
e “raw” and validated data extracted from the in-house database

e data posted to the online databases including the NPS website, the CASTNET website, and the EPA AQS
system.

In addition, data were extracted from the following external databases after it had been uploaded from the ARS’s
database.

e NPS website (https://ard-request.air-resource.com/): This site is a live link to the ARS database and data
are available as soon as they are validated. The NPS website provides both “raw” and validated data;
however, the “raw” data is what has gone through the automated initial screening.

o EPA/CAMD CASTNET website (http://www.epa.gov/castnet): This site allows downloading of data from
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all CASTNET sites. Hourly ozone data are available for download within 24 hours of the sampling date.
Because of this quick turnaround, the most recent data are not fully validated.

o EPA AQS system: This is the final repository of fully validated data for compliance and reporting
purposes. ARS uploads data to AQS typically about 60 days following the end of the measurement period
for which the data is being reported. Data from the AQS system were queried using the AQS API
(https://ags.epa.gov/agsweb/documents/data_api.html).

Data Collection

Data were collected for selected days over a 1-year period. This included days from within a month, within the past
quarter, within the past 6 months and about a year back. Dr. Doraiswamy looked at data from CASTNET for
MACA426 and identified specific days within these generic timelines. This included periods when there were
missing data, periods of calibration and/or audit, and periods with high concentrations. Data were collected for the
following days:

I-minute data and ZSP checks for February 7 and 8, 2021 (2 days prior to the onsite audit)
January 10 and 11, 2021 (within a month),

November 8 to 11, 2020 (prior quarter),

August 23 to 25, 2020 (within 6 months), and

January 20 to 24, 2020 (within the past year)

Data were downloaded from the data logger at the monitoring site for January and February time periods at 1-min
and 1-hr time resolution. Older time periods were not available onsite. ARS sent raw and validated data at 1-hr
resolution for all the time periods and at 1-min resolution for August 2020 time period as part of follow-up
requests. Dr. Doraiswamy downloaded “raw” and validated data from NPS website at 1-min and 1-hr time
resolution. Data were downloaded from the CASTNET and AQS systems at 1-hr resolution. Since data are posted
to AQS about 60 days following the measurement period, data were not available for the January 2021 and
February 2021 periods.

Site and parameter values used in the data queries were as follows:
e AQS: State-County-Site ID: 21-61-0501; Parameter code: 44201
e NPS ID: MACA-HM, Mammoth Cave National Park Houchin Meadow
e CASTNET ID: Mammoth Cave NP, Ozone Hourly

Data Evaluation Activities

e During the onsite field visit, RTI auditor Mr. Dart noted down the ozone readings from the analyzer screen
and from the data logger. The data are shown in Appendix A, Field Site Questionnaire (Part 6 Data
Management (Site). Minor discrepancies were seen between the reading on the screen and the data logger.
Follow-up with the field technician Mr. Dave Beichley clarified that it is due to different averaging times.
Mr. Beichley provided the following response: “The readings on the front display of the ozone analyzer is
generally set to 30 seconds averaging time. The readings on the logger are digital readings, and we use
MODBUS to collect the data. Modbus updates I believe every 10 seconds. The lowest averaging time we
collect data on the logger is 1 minute average readings. If conditions are stable, there will be some slight
differences between media. If the readings are changing rapidly either because of ambient conditions or if
a calibration is being performed the readings may differ much more.” Based on this inherent difference in
averaging times and considering that the readings were taken during the calibration checks, the observed
differences are anticipated.

e Dr. Doraiswamy compared the hourly average concentrations between the different sources of data: raw
data from site/ARS vs. raw data from NPS website, raw vs. validated data from NPS website, and validated
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vs. validated data in all combinations among the CASTNET, AQS and the NPS datasets for each period
noted above. For specific time periods, he also calculated hourly averages from the 1-min data. Following
were the key observations based on these comparisons:

o Validated data agreed perfectly between different databases for all of the above noted dates:
CASTNET vs. AQS, CASTNET vs. NPS, and AQS vs. NPS.

o Hourly average calculated from the raw 1-min data for the November 2020 period agreed with the
recorded hourly data for the most part. The “raw” 1-min data from the NPS website has 2 to 3
significant digits while the reported hourly data is truncated to the nearest ppb. Due to these
differences in significant digits, there were certain instances where the difference was at most 1
ppb. Exhibit 10 shows the calculated vs. reported hourly values. When truncated to the nearest
ppb, the highlighted values show a 1 ppb difference. ARS confirmed that the data logger calculates
the hourly values and are retrieved. ARS does not calculate hourly averages from the 1-min data.
Note that the “raw” data on the NPS website is following the initial screening. While 1-min data
was not obtained directly from ARS for the Nov 2020 period, examination of raw 1-min data from
the data logger for August 2020 period showed that the data had up to 8 to 9 significant digits.
Calculation of hourly average for the August 2020 period using the raw 1-min data from the data
logger showed exact agreement with the hourly values reported. This demonstrates that the
differences in significant digits in the raw data between that on the NPS website and as obtained
from the data logger is the reason for the minor differences in calculated vs. reported hourly values.

Exhibit 10. Calculated vs. Reported Hourly Average

NPS DATE TIME NPS O3 PPB 1-hr raw | NPS O3 lhr from Imin raw | ARS O3 PPB 1-hr raw
11/10/2020 10:00 30 30.34833 30.40252
11/10/2020 11:00 31 31.916 31.96191
11/10/2020 12:00 31 31.23667 31.28364
11/10/2020 13:00 31 30.965 31.01366
11/10/2020 14:00 30 30.39667 30.45639
11/10/2020 15:00 29 29.95333 29.99519
11/10/2020 16:00 25 25.38167 25.44355
11/10/2020 17:00 24 24.57333 24.61871
11/10/2020 18:00 22 22.09 22.14194
11/10/2020 19:00 18 18.81833 18.86437
11/10/2020 20:00 17 17.65556 17.70158
11/10/2020 21:00 16 16.53778 16.59334
11/10/2020 22:00 15 15.59167 15.64358
11/10/2020 23:00 15 15.17333 15.22949

11/11/2020 0:00 14 14.61667 14.66872
11/11/2020 1:00 14 14.04333 14.09192
11/11/2020 2:00 12 12.59333 12.64594
11/11/2020 3:00 13 13.39667 13.44849
11/11/2020 4:00 28 28.86333 28.91305
11/11/2020 5:00 31 31.33167 31.37576
11/11/2020 6:00 29 29.36333 29.41991
11/11/2020 7:00 28 28.20167 28.25597
11/11/2020 8:00 28 27.98333 28.03104
11/11/2020 9:00 25 25.73 25.77964
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11/11/2020 10:00 22 22.22833 22.27556
11/11/2020 11:00 22 22.66667 22.72114
11/11/2020 12:00 21 21.225 21.27006
11/11/2020 13:00 20 20.58833 20.6408
11/11/2020 14:00 18 17.96333 18.01281
11/11/2020 15:00 19 19.59833 19.64404
11/11/2020 16:00 19 19.71333 19.76275
11/11/2020 17:00 17 17.49833 17.54574
11/11/2020 18:00 16 16.72833 16.77174
11/11/2020 19:00 18 18.05333 18.10683
11/11/2020 20:00 19 19.32667 19.37912
11/11/2020 21:00 20 20.53778 20.58998
11/11/2020 22:00 20 20.14333 20.19069
11/11/2020 23:00 18 18.47333 18.52796

o Comparison between the raw and validated data indicated some discrepancies for the August 2020
period. It was found that the data were first invalidated for several hours from 13:00 to 23:00 but
later updated in October 2020 following the monthly data validation. Therefore, the validated
dataset on NPS, AQS and CASTNET websites have valid values for most of the hours except
1300-1400 and 2000-2100 and agree among each other. However, the “raw” data from NPS
website did not have the values for both 1-hr and 1-min. Ms. Ward of ARS clarified with the
following response: “The site operator inadvertently left the O3 channel on the logger flagged
down following his site visit on 8/25. Our screening process for raw data would remove these data
points due to the flags. However, when we validated the data we were aware that these flags were
unintentional and so essentially overwrote them with valid codes. The 1300-1400 hours remained
invalid because this was when he was performing maintenance, and the 2000-2100 hours remained
invalid due to the nightly calibration checks.” Since the “raw” data posted on the NPS website is a
live link to the AQDBMS and exports the raw data after screening out for bad data based on logger
and screening flags, the “raw” data on the NPS website still shows as missing for the raw data.
Exhibit 11 shows the screenshot of data validation log for August 2020 that documents the reason
(line #6 in the log).

o The AQS dataset has QC flags that are descriptive and helpful to interpret. For the August 2020
instance described above, the AQS dataset had appropriate QC flags indicating zero/span checks
for the hours that data were invalid. The CASTNET data has flags but for the above instance it just
had a flag/QC code of “3” (Level 3 validated data) even for the missing values with no indication
of why the data were missing. The NPS dataset had no flags reported. The raw data from the data
logger obtained from ARS had logger and screening flags of “<D” for the periods with missing
values. It would have been more appropriate for the CASTNET dataset to have a code of “Y” that
corresponded to the QC zero/span status instead of “3” code. It would also be helpful to include
the flags in the NPS dataset as well where both raw and validated data are available. Ms. Ward
responded that ARS has no control on how the data is posted to the CASTNET website and they do
not maintain that website. Regarding the feedback on flags in NPS dataset, Ms. Ward agreed about
the usefulness of adding flags to the dataset, but noted that NPS has specified the format for the
data exports that get posted on the NPS Website and ARS follows that format.
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Exhibit 11. Screenshot of Data Validation Log for August 2020

£ Data Validation Log Entry

[Jal Sites
Site Month Year
MACAHM v [august  v| [2020 v
r B
Site: MACA-HM 84  Mammoth Cave National Park - Houchin Meadow Year 2020 Month = AUG
Level Auto Apply Validation Codes Preliminary Validation Plot  3rd Level Validation Reports  Final Validation  AIRS Submittal
0 Date By Date By Review Date By Mailed Date By Date By
09/01/20 09/03/20 BDECKER 09/03/20 BD 09/28/20 cg 10/02/20 JW
-
Line No Comments Date By
1 Routine weekly site visits with a passing precip check on 8/25. 09/03/20 BDECKER
2 EEMS onsite for audit on 8/19 09/03/20 BDECKER
3 Four ARS remote logins this month to remotely check data and perform calibrations. 09/03/20 BDECKER
4 CO was invalid from 8/1 - 8/5 with IM due to a pump that failed. A new pump was sent from ARS which 09/03/20 BDECKER

the operator installed on 8/5. The calibrations were also bad and invalid during this time. There was
also a shift in the NO2 GPT's on 8/5 when the operator visited to install the new CO pump.
5 Operator was onsite to mowilline trim on 8/6, 8/17, 8/26, and 8/27. 09/03/20 BDECKER

6 The operator left 03 flagged down after their site visit on 8/25. | put data back in as valid except for 09/03/20 BDECKER
when a nightly calibration was running, which | coded SC.

T There were a couple brief intermitent power failures that occurred during hours with a zero-span 09/03/20 BDECKER
calibration running. The power failures didn't last very long but enough to affect the hour due to the
calibrations. These hours were coded ZS. These were also coded PF in the 5-min 502 data.

8 The lamp on the 502 was adjusted on 8/7 to see if it could adjust or if it needed a new one. This 09/28/20 CGRANT
caused precisions and spans to shift, but were still just within acceptance. The analyzer was
remotely calibrated on 8/12.

Findings and Recommendations
FINDING 1: All validated data agree perfectly between the different online systems and the data from ARS.

FINDING 2: The translation of flags and resulting data invalidation appears to be working properly. An instance
in August 2020 due to an inadvertent error demonstrates reversal of errors following data validation. Two
important points to be made here: (1) the true raw data from the data logger is unaltered and was provided to RTI to
verify the inadvertent flags that caused the invalidation; and (2) the “raw” data on the NPS website is following the
initial screening and therefore is not truly raw in nature. However, the live link to NPS website demonstrates the
functioning of how it uses screening flags to omit bad data points. Moreover, the approach followed is consistent
with the SOP I IMC DATAVAL F 1.0 on Data Validation that dictates the data analyst to “Investigate; can be
valid or invalid” for datalogger flag of “D” (page 36).

RECOMMENDATION: The NPS should consider referring to the “raw” data on its website as something
different to avoid confusion with the true raw data. For example, the data could be referred to as “Unvalidated but
prescreened.”

FINDING 3: The data on the NPS website lacks flags. Adding flags would help in data interpretation by end users.
RECOMMENDATION: NPS should consider adding flags to the format that it requires ARS to report in.

Since findings 2 and 3 are not in ARS’s control, recommendations are made for NPS to consider updating its
requirements.
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Section 7: Quality Control and Quality Assurance

Quality Management Documentation

The quality management system (QMS) consists of the ARS-NPS QAPP and SOPs located on the NPS GPMP
Project website (http://ard-request.air-resource.com). Dr. Doraiswamy also reviewed the CASTNET QAPP
Appendix 3 ARS SOPs (ozone collection process) from the CASTNET website (http://www.epa.gov/castnet) to
ensure those are the recent versions. Within the QMS is a controlled document network that consists of SSRF's;
DataView Call Log; site and laboratory logbooks; results from internal and external audits and assessments; ARS
databases; and records of e-mail transmittals.

On the CASTNET website, the current CASTNET QAPP and supplementary SOPs are in the 9.3 Revision and
dated March 30, 2020. The QAPP entitled “Clean Air Status and Trends Network (CASTNET) Quality Assurance
Project Plan (QAPP)” is written in accordance with EPA Guidance Document “EPA Requirements for Quality
Assurance Project Plans EPA QA/R-5" and “EPA Requirements for Quality Assurance Project Plans EPA QA/G-
5,” and contains all necessary elements for an EPA-approved QAPP. The QAPP is divided into five sections
(Project Overview, Field Operations, Laboratory Operations, Data Operations, and Quality Assurance) plus a
References and Revision Tracking Sheet. The Project Overview section details purpose of the project, the
organizational charts and personnel responsibilities for management of the CASTNET project, schedules and
deliverables, data quality objectives (DQOs) and criteria, training, and data management requirements. The Field
Operations section describes field activities such as sampling design, frequency, and acceptance criteria for
collecting samples, field equipment verification and calibration, and field data management. The Laboratory
Operations section details the sample handling and custody, the analytical methods, quality control, and data
processing. The Data Operations section describes the software, verification and validation, calculations, and data
submittal to EPA and NPS. The Quality Assurance section explains the assessment responsibilities through audits
and reviews, examines the DQOs and data quality indicators (DQIs), and corrective action to nonconformities.

The ARS-NPS QAPP was revised in October 2020 (version 4) and also follows the EPA Guidance Document “EPA
Requirements for Quality Assurance Project Plans EPA QA/R-5.” This document resides on the NPS GPMP
website and is not on the CASTNET website. This was noted during the October 2013 TSA and Wood and ARS
have decided it was not necessary to post the ARS-NPS QAPP on the CASTENT website. The ARS-NPS closely
follows the management structure and steps outlined in the ARS SOPs listed on both the NPS GPMP and
CASTNET websites.

Since the last TSA, the ARS team has now developed a process to revise the QAPP and the SOPs. The ARS team
reviews the QAPP annually and sends any minor updates (e.g., site changes) to the NPS management summarizing
the changes in separate documents. The QAPP itself is revised approximately every 5 years. RTI auditors
requested a copy of the previous communication to NPS. ARS provided a copy of the communication in 2018
(Exhibit 12). The QAPP revision cycle started in 2019 and finalized in 2020 and hence no such communication
happened in 2019-2020.

All SOPs are reviewed and revised annually. Each SOP has a review history page that documents who reviewed it
and when.

Finding 1
A review of the versions on the NPS and CASTNET websites indicated the following:

o The version of the QAPP and some SOPs on the NPS website are outdated. These need to be replaced with
most recent approved versions.

e The versions of some of the SOPs in Appendix 3 of the CASTNET QAPP are outdated. These documents
need to be replaced with the most recent versions.
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Exhibit 12. Communication of QAPP Annual Review Changes to NPS

A

Air Resource

May 14, 2018

Barkley Sive

Mational Park Service

12795 W. Alameda Parkway
Lakewood, CO 80228

Dear Barkley:

In accordance with our National Park Service — Gaseous Pollutant Momitoring Program (NPS-
GPMPF) contract, this letter serves as notice that there have been changes to the site locations mvolved in the
monitering program in the past year. Enclosed are updated copies of Tables 3, 4. and 3 listmg site location
information, monitored parameters, as well as an updated hst of smites which undergo anmual data
cerfification Please pnnt these pages and insert them into your hard copy of the QAPP.

With these minor changes, the GPMP Cuality Assurance Project Plan, Bevision 3 dated October
2013 remains in effect for the coming year.

Should any aspect of monitoring change in the interim, I will again review and revise the document
as necessary. Please contact me if vou need any additional information.

Sincerely,

Lot ot

Emily Vanden Hoek
Chuality Assurance Manager

EKV:ekv

ce: John Vimont (NPS)
Joe Adlhoch (ARS)
Jessica Ward (ARS)

Audit and Assessment Program

QC and QA describe the two sets of practices related to a monitoring program that give agencies confidence that
the data they collect represent the true air quality of the area. They are the mechanisms by which an organization
manages its data collection in a systematic, organized manner and provides a framework for planning,
implementing, and assessing work performed by an organization. A properly developed QA/QC program
encompasses a variety of technical and administrative elements, including policies and objectives, organizational
authority, responsibilities, accountability, and procedures and practices.
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QA is a management or oversight function; it deals with setting policy and running an administrative system of
management controls that cover planning, implementation, and review of data collection activities, and the use of
data in decision making. QC is a technical function that includes all the scientific precautions, such as calibrations
and duplications that are needed to acquire data of known and adequate quality.

All onsite ozone standards are certified as Level III because they have been calibrated against a traveling Level 11
ozone standard maintained by the ARS Ozone Calibration Laboratory. The traveling Level I transfer standards are
used to calibrate the onsite ozone transfer standards twice per year during the 6-month check. The Level II transfer
standards are calibrated once per year at one of the EPA regional laboratories against a Standard Reference
Photometer (SRP), otherwise known as a Level I standard. The CASTNET ozone analyzers undergo nightly zero,
span, and precision (ZSP) checks to quickly diagnose any problem with the system and also a multi-point
verification every month. A data review is performed daily on the ZSP checks by an automatic screening system.
Every CASTNET ozone analyzer within the network is audited once per year by an independent auditor who
completes a Performance Evaluation (PE). The PE results are required to be submitted to AQS before annual data
can be certified. The CASTNET sites are also subject to a Field Systems Audit (FSA) on a biannual basis. In
addition, each year 20% of the network participates in the National Performance Audit Program (NPAP). State,
local and Tribal agencies participate in the NPAP to provide consistency in the data across all monitoring
organizations.

For the MAC426 site, the last 6-month calibration prior to the TSA was conducted on May 15-17, 2020 (see
Appendix D). The last PE was conducted by EEMS on August 19, 2020 (see Appendix E). EEMS conducted a PE
audit of the measurement parameters and an FSA of the MAC426 site for CASTNET on October 17, 2019. The
complete results of this audit are presented in Appendix F of this report. The NPAP audit was conducted by the
state of KY on January 22, 2020 (reported on February 6, 2020, see Appendix G for results). Exhibit 13 below
states the acceptance criteria for each of the assessments performed at the CASTNET monitoring sites.

Exhibit 13. Acceptance Criteria for Calibration and Audit Checks
Assessment Acceptance Criteria
ZSP Checks

Zero value <=3 ppb in 24-hr period and 5 ppb in 14-day period

Precision/Span < £7% between supplied and observed concentrations

6-Month Calibration Checks All points within +2% of full scale of the best fit straight line

+5% of actual for any value,

> 0.9950,

0.9500 < slope < 1.050

-3.0 ppb < intercept < 3.0 ppb

PE Audits All points within £ 2% of full scale of best fit straight line

Linearity error < 5%

These audits indicate that the site satisfies the QA/QC criteria for ozone measurements. The 2019 FSA by EEMS
had no negative findings for the ozone measurement system, but a couple of findings were reported for the filter
pack measurements. ARS notes that the recommendations have since been implemented for the filter pack
measurements. It must be noted that the filter pack measurements were outside the scope of this TSA.

ARS has applied sufficient steps in the electronic data management system for the ozone collection process to
manage both data input and QA/QC to provide precise data quality reporting. ARS management and the QA
Manager have done an excellent job of maintaining good quality monitoring data for the CASTNET program and
the current staff and management have displayed the commitment to provide informed quality data to NPS, and
AQS.
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This audit form was prepared by RTI International (RTI) to evaluate the technical systems for ozone measurements
at the CASTNET air monitoring sites operated by Air Resource Specialists, Inc. (ARS). This form will be used to
evaluate the QA/QC documentation, network management, basic site operations (ozone specific), sample siting
requirements, and data management at the Mammoth Cave National Park (MAC426) site in Kentucky and the ARS
CASTNET Ozone Calibration Laboratory in Fort Collins, Colorado. All questions are based on Title 40 Code of
Federal Regulations (CFR) Part 58 requirements and Appendix H of Volume II of the EPA QA Handbook.

RTI will follow the US EPA’s quality assurance guidance document for conducting technical systems audits
entitled, Conducting Technical Systems Audits of Ambient Air Monitoring Programs document # EPA-454/B-17-
004 November 2017. RTI will use the current Quality Assurance Project Plan (QAPP) and Standard Operating
Procedures (SOPs) provided by ARS, as well as quarterly Quality Assurance Reports posted on the CASTNET
website (https://www.epa.gov/castnet). The current ARS QAPP is Revision 4 dated October 2020 with two
appendices. These appendices or particular sections of the appendices will be used as a basis to prepare
questionnaires for the TSA of the field sites (ozone activities), ARS Calibration Laboratory (ozone), and data
management system for ozone reporting to the EPA Air Quality System (AQS) and AIRNow. Those appendices
are:

e  Appendix A — Standard Operating Procedures, Technical Instructions and Checklist Instructions
e Appendix B — IMC New Site/Site Relocation Form

We will also ensure consistency with Appendix 3 (ARS SOPs) of the CASTNET QAPP (current approved version:
Revision 9.3) and verify that the pertinent procedures are contained in that appendix.
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Part 1. General Information

Monitoring Site Information
(MAC426)

NAME/LOCATION OF MONITORING SITE: (Ozone): Mammoth Cave NP/Mammoth Cave National Park,
KY

MONITORING SITE ADDRESS: 107-199 Alfred Cook Rd, Park City, KY 42160

MONITORING SITE AQS NUMBER: 21-061-0501 CASTNET SITE NUMBER: MAC426
MONITORING AGENCY AFFILIATION: CASTNET

NAME OF ANALYSIS/SUPPORT LABORATORY: Air Resource Specialists, Inc. (ARS) in Ft. Collins, CO

AUDIT TEAM MEMBERS/AFFILIATIONS: Andrew Dart (field visit & remote ARS ozone calibration lab),
Prakash Doraiswamy (remote ARS lab), both from RTI

AUDIT DATE: February 9 (field site — in-person) and February 17 (Ozone Calibration Laboratory- remote)

PERSONNEL INTERVIEWED:
NAME POSITION PHONE/E-MAIL
Site
Johnathan Jernigan Site Operator johnathan_jernigan@nps.gov
Dave Beichley ARS Field Specialist dbeichley@air-resource.com

ARS Ozone Calibration Laboratory and Data Handling

Emily Vanden Hoek | ARS (CASTNET) QA Manager evandenhoek@air-
resource.com
970-484-7941

Mike Slate ARS Field Operations Manager mslate@air-resource.com
970-484-7941

Jessica Ward ARS Information Management Section jward@air-resource.com
Manager 970-484-7941

OPERATIONAL AREAS THAT WERE OBSERVED: Auditor observed site operator (Johnathan Jernigan)
removing and loading the filter pack and completing the SSRF. We also discussed training provided, general
operations, use of DataView system, troubleshooting, maintenance, mitigation strategies for power outage,
repair/replacement of equipment at site, site selection criteria, and weekly checklist. Auditor observed field
specialist (Dave Beichley) performing meteorological checks, ozone line leak test, ozone sampler 1x6 performance
verification. We also discussed the instrument certification and calibration process, ARS QAPP, semiannual
maintenance, and calibration visit procedures, and site status logs.
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Part 2: Basic QA/QC

RESPONSE
AUDIT QUESTIONS Y | N | NA COMMENTS
A. QAPP and SOPs
1. Is there an EPA approved quality assurance project X Current CASTNET QAPP in Revision 9.3 dated
plan (QAPP) specific to the CASTNET work being October 2019 for EPA- sponsored sites and laboratory
conducted by the laboratory? (filter pack) operation.
National Park Service (NPS)- sponsored sites use
another QAPP developed for the NPS program titled
Gaseous Pollutant Monitoring Program Quality
Assurance Project Plan (QAPP)”, Revision 4 dated
October 2020
2. What is the level of detail Category (i.e., 1, 2, 3, etc.) Both QAPP’s are Category 1.
consistent with EPA guidelines) of the QAPP?
3. Does the QAPP reflect, present, and address MDL — Table 6a of QAPP
specifications (i.e., MQOs, DQIs, MDLs, etc.) that are in DOO & DOI — Tables 8 & 9 of OAPP
accordance with those specified for the CASTNET X Q Q ables of Q
program?
4. Does the QAPP follow the guidelines and
requirements outlined in the EPA Guidance Documents X
(EPA QA/G-5 and EPA QA/R-5)?
5. Does the QAPP identify a reviewing process for the X In Section A3, the QAPP is to be reviewed annually.
QAPP and other QA documentation?
6. Are all the elements of the EPA Guidance X
Documents met in the QAPP?
7. Has it been reviewed by all personnel (lab, field, CASTNET QAPP
management, etc.) associated with conducting the (EPA-Melissa Puchalski-EPA Project Officer)
CASTNET work? Wood management
(H. Kemp Howell-Project Manager, Ann Glubis-
Project Quality Assurance Supervisor, and Marcus
Stewart-Quality Assurance Manager)
X ARS-NPS QAPP
(NPS-Barkley Sive-Program Manager and John
Vimont, Chief of Research and Monitoring Branch)
ARS management
(Joe Adlhoch-Program Manager and Emily Vanden
Hoek-QA Manager)
The NPS serves as the regulatory agency.
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AUDIT QUESTIONS

RESPONSE

Y

N

NA

COMMENTS

8. Has the Regional EPA Clean Air Markets Division
(CAMD) Project Officer and QA Officer reviewed the
QAPP?

CASTNET QAPP
Melissa Puchalski-EPA Project Officer
Carlos Martinez-EPA QA Officer

Barkley Sive-NPS Contracting Officer’s Technical
Representative

Ryan McCammon-Bureau of Land Management

ARS-NPS QAPP
Barkley Sive-NPS Program Manager

John Vimont-NPS Chief of Research and Monitoring
Branch

Auditor: Even though this site is part of the
CASTNET network, this is part of the NPS sites for
which NPS serves as the regulatory agency. Hence,
the ARS-NPS GPMP QAPP is only signed by NPS
management and not by EPA.

9. Has the CAMD Project Officer and QA Officer
approved and signed the QAPP?

CASTNET QAPP

Date: October 2019

Melissa Puchalski (3/10/20)-EPA Project Officer
Carlos Martinez (3/10/20)-EPA QA Officer

Barkley Sive (3/11/20) NPS-Contracting Officer’s
Technical Representative

ARS-NPS QAPP

Date: October 2020

No EPA staff signature

Barkley Sive (1/7/21)-NPS Program Manager

John Vimont (1/11/2021)-NPS Chief of Research and
Monitoring Branch

For ARS, NPS serves as the regulatory agency

10. Has the National Park Service (NPS) Contracting

Officer’s Technical representative approved and signed

the QAPP? (Listed on the distribution list)

Barkley Sive (1/7/21)-NPS Program Manager

John Vimont (1/11/2021)-NPS Chief of Research and
Monitoring Branch

11. Has the ARS Project Officer and QA Manager and

other network leads approved and signed the QAPP?

ARS-NPS QAPP
Joe Adlhoch (1/14/2021)-Program Manager
Emily Vanden Hoek (1/14/2021)-QA Manager

12. Is the purpose of the QAPP clearly stated?

13. Is the project organization clearly identified with
their roles and responsibilities?
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RESPONSE

AUDIT QUESTIONS COMMENTS
Y | N [ NA
14. Is the organizational chart in the QAPP up to date? Auditor: A new data analyst has been hired in the data
If there are changes, provide an updated copy. X management team just a couple of weeks before the
audit and is being trained now. The chart will need to
be updated during the next review cycle later in 2021.
15. Is a copy of the approved QAPP available for
review by the field operator(s)? If not, briefly describe
how and where QA and QC requirements and X
procedures are documented.
16. Is a signed copy of the approved QAPP onsite and Electronic version on DataView system.
available to the field operator(s)? X
17. Has the approved QAPP been reviewed (or will be In Section A3, the QAPP is to be reviewed annually.
reviewed) on a periodic basis? Ask to see.
X
Auditor: The QAPP was revised and finalized in 2020
(signed Jan 2021).
18. Is this review of the QAPP documented (or will it Auditor: The team reviews the QAPP annually and
be documented)? sends any minor updates (e.g., site changes) to the
NPS management summarizing the changes in
separate documents. The QAPP itself is revised
X approximately every 5 years. RTI auditors requested a
copy of the previous communication to NPS. ARS
provided a copy of the communication in 2018. The
QAPP revision cycle started in 2019 and finalized in
2020 and hence no such communication in 2019-2020.
19. Are there amendments or deviations from the
approved QAPP? X
20. Have they been NPS approved? X The NPS serves as the regulatory agency.
21. Are they available for review? The NPS serves as the regulatory agency.
22. Has the QAPP been reviewed or will be reviewed As-needed
on a periodic basis and re-approved? What is the In Section A3, the QAPP is to be reviewed annually.
review/approval schedule? Auditor: ARS updates and revises the QAPP
approximately every 5 years. The approval schedule is
inked to the revision schedule. However, the
X linked to the QAPP revision schedule. H h
QAPP is reviewed annually and changes are
communicated to NPS in an email. The most recent
QAPP revision and re-approval happened in October
2020 and January 2021 respectively.
23. Are reviews/approvals documented? Review. X
24. Does the QAPP cover the complete field/laboratory Between the CASTNET (Wood) and the NPS (ARS)
operation for the CASTNET program? X QAPPs, all field and laboratory operations are covered

between the two companies.
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RESPONSE

AUDIT QUESTIONS Y | N | NA COMMENTS

25. Is there an internal assessment program to verify Regular meetings with program director and QA

conformity to quality assurance? What assessments are review of all calibration results

performed? The internal assessment program at the site for ozone
collection includes: a daily ZSP check, a monthly
multi-verification check, a 6-month calibration, and an

X annual PE for the ozone analyzer. During the 6-month

calibration and annual PE, a TSA is conducted that
might involve the site operator. The data from the
DataView log is transmitted to the ARS Office. The
field specialist and data analyst can view the data in
the Site Status log.

26. Are Data Quality Objectives (DQOs) and Data DQO/DQIs are presented in ARS-NPS QAPP Section

Quality Indicators (DQIs) identified in the QAPP? How X A7 and limits are presented in Tables 8-11.

are realized?

27. What steps are performed if DQOs are not achieved ARS field specialists work with site operators to

and maintained? resolve.

28. Is there a corrective action process in place when Depending on the issue, if an instrument fails to meet

Measurement Quality Objectives (MQOs) or operational X acceptance criteria it is calibrated or repaired, and data

specifications (e.g., out-of-control calibration data) are are invalidated as appropriate. The problem is

not met? documented in the site status log.

29. Is there a Quality Management Plan (QMP)

developed by ARS? X

30. Does the QMP follow EPA Guidance Document

(EPA QA/R-2)? X

31. Is the QMP signed and approved by EPA and

available for review? X

32. Are written and approved standard operating

procedures (SOPs) in place for the various samplers? X

33. Does the format of the SOPs follow the guidelines

outlined in the EPA Guidance Document (EPA QA/G- X

6)? If not, describe what significant information is

missing?

34. Does the SOPs reflect, present and address

specifications and operations that are in accordance with X

those applicable to the CASTNET program?

35. Are the SOPs signed by management and QA staff? | Y

36. Are the SOPs available for review by auditor? X

37. Are the SOPs controlled documents? X

38. Are signed copies of the SOPs available to the field X Electronically stored on the DataView system.

operator?
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RESPONSE

AUDIT QUESTIONS COMMENTS
Y | N [NA

39. Does the site operator have current up-to-date SOPs X Electronically stored on the DataView system.

onsite? Electronic or hard copies.

40. Are there deviations from the SOPs? X

41. Ifyes, have these deviations been documented and X

approved?

42. Are documented deviations available for review? X

43. Has training been conducted for these SOPs? Training occurs in three possible ways:
1-from previous site operator
2- during new site or relocation setup

X . . .
3-during each semi-annual visit
Training is re-enforced during each semi-annual
calibration and maintenance visit.

44. Is this training documented? After the 6-month calibration, the ARS Field
Specialist goes through all of the procedures
conducted during the visit with the site operator and
completes a Tailgate Safety Meeting Form and Site

X Operator Training Form. This form is handwritten by
the Field Specialist and signed and dated by the Field
Scientist and site operator. A PDF version is submitted
back to the site operator and posted on the DataView
system.

45. Are the SOPs current and up-to-date and meet the X

specifications presented in the CASTNET program?

46. Is there a process in place to remove obsolete Once all ARS SOPs have been revised a memo

SOPs? Describe the process and where it is describing the removal of obsolete SOPs will be

documented. X prepared.

47. Have the SOPs been reviewed on a periodic basis? X

48. What is the frequency and approach? Annual review — revised as needed

49. Is this review documented? (Review). SOPs are current (reviewed and updated in October
2020).

X

Auditor: Revisions and annual reviews are
documented in each SOP.

Additional Comments:
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AUDIT QUESTIONS

1. Key staff that oversee CASTNET operations:

RESPONSE

a. CASTNET Project Manager

COMMENTS

b. CASTNET Quality Assurance (QA) Manager

Name:

Kemp Howell

c. NPS Contracting Officer’s Technical
Representative

Name

: Marcus Stewart

d. ARS (CASTNET) Project Manager

Name:

Barkley Sive

e. ARS (CASTNET) QA Manager

Name

: Joe Adlhoch

f. CASTNET QA Auditor(s) Annual Ozone PE

Name:

Emily Vanden Hoek

g. ARS Field Operations Manager

Name:

EEMS

h. ARS Field Specialist

Name:

Mark Tigges and Mike Slate

i. ARS Information Management Section Manager

Name:

Dave Beichley, Chad Cole, John Krolak

j- ARS IMC Team Leader

Name:

Jessica Ward

k. ARS IMC Data Analyst/Technician

Name:

Emily Wiechman

l.  ARS Data Analyst/Technician

Name:

Molly Anderson

m. ARS IMC Air Quality Technician

Name:

Brittany Decker

2. Name of management responsible for (indicate
which apply):

Name:

Matt Smith

a. Development of monitoring site,

b. Coordinates field operations,

Name:

Field Specialists

c. Logistical support of field operations,

Name:

Mike Slate

d. Training monitoring site operators, and

Name:

Field Specialists

e. Review of routine sampler data and quality control
data.

Name

: Field Specialists

3. Name of ARS staff or subcontractor responsible for
(indicate which apply):

Name

: Data Management Group and Field Specialists

a. Operation of sampler, monitors, and equipment;

b. Calibration of sampler, monitors, and equipment;

Name:

ARS Field Specialists

¢. Maintenance of sampler, monitors, and equipment;

Name:

ARS Field Specialists

d. Maintenance of monitoring site,

Name:

ARS Field Specialists

[¢)

. Operation of ozone monitor,

Name:

ARS Field Specialists

=

Calibration of ozone monitors, and

Name:

ARS Field Specialists

Name:

ARS Field Specialists




AUDIT QUESTIONS

RESPONSE

g. Maintenance of ozone monitor.

4. Is there someone who reviews the following
completed forms:

a. Field forms or electronic entries? Who?

Y | N | NA

COMMENTS

Name: NPS

Name: Administrative Assistants and Field Specialists

b. Chain of Custody (COC) forms? Who?

Name: No COC forms used

c. Review of electronic data from monitors? Who?

Name: Data Management Group and Field Specialists

Auditor: There is no specific person assigned to a
specific site. Different members of the data
management group may review the data from the site
on a weekly basis providing an independent review
each week.

d. Review of field logbooks (site, monitor). Who?

Name: Data Management Group and Field Specialists
(site uses electronic entries — DataView)

5. Has the review of completed field and COC forms
been done?

The site operator does not enter any ozone information
on the Site Status Report Form (SSRF). All data
entries are electronic (DataView)

6. Is anyone responsible for QA audits of the site? If
so, who?

7. What is the role of the ARS QA Manager in regard
to the CASTNET program?

8. What is the role of the ARS QA Officer in regard to
the CASTNET program?

9. What is the program relationship between Wood and
ARS? QAPP project organization (Figure 1) shows
“AMEC Subcontractor.”

QA: Field Specialists

The QA Manager oversees the quality assurance
program, reviews QA documentation, discusses with
management the training and source needs for the
program, and provides guidance to QA Officer(s).

The QA Officer provides the QC guidance and
requirements for specific programs, has technical
capability to apply to the program, and provides and
follows through training requirements and capabilities
for each program.

Wood is a subcontractor to ARS for CASTNET filter
analysis.

Auditor: The project organization chart in the QAPP
needs to be updated to rename AMEC to Wood.

10. Can you provide a flow chart showing the
management reporting and communications between
Wood, ARS, US EPA, and NPS?

11. Are there two levels of management separation
between QA and QC operations? The QC operations
can be performed by the site operator.

12. Does the QA auditor have unique standards and
equipment? (The QA audit should not be using the same
standards, equipment, etc. as the site operator that
performs the QC checks.)

13. Has an audit(s) been performed? If so, when?

A PE audit was performed on 8/19/20.
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RESPONSE

AUDIT QUESTIONS COMMENTS
Y | N |NA
14. Were there any findings during the audits? X
15. Are audits documented? How? X Yes, in an audit report.
16. Are the audit results available for review by staff x v the network dri
and auditors? Ask to view audits from this program. €5, on the hetwork drive.
17. Does the site operator conduct performance checks X ARS has done this in the past but no longer finds it
of the ozone monitor? Frequency? necessary.
18. What types of QC checks are conducted? Daily ZSP checks are automatically performed at
014e.
19. Are the results of these checks available for review On DataView log
b}?‘ staff and auditors? Ask to view check results from X Auditor: Reviewed the ZSP checks for the 3 days and
this program. found to be normal. Also,went over the results with the
Field Specialist.
20. Is there any internal auditing program for the ozone X 6-month visits include calibration challenge (internal
monitor? PE) and site conditions check among other checks.
21. Ifyes, who conducts the internal audit? Field Specialists
22. What is the frequency and where are the results Six months. Results posted on NPS website at
posted? https://ard-request.air-resource.com/project/
23. Is there a designated schedule for calibrations of the X Every six months
ozone monitor? Frequency?
24. Are the pallbratlon chegks avalilable.: for review by The six-month calibration checks are stored in the
staff and auditors? Ask to view calibration checks from X .
i database and later posted on the NPS website.
this program.
25. Are the staff that work at the site agency X Site operators are part of the NPS for Mammoth Cave
employees? How many? National Park.
26. Do any contractors work at the site? How many? X
Name?
27. What steps are taken to ensure contract staff meet Training occurs in three possible ways:
training and experience criteria? 1-from previous site operator
2- during new site or relocation setup
3-during each semi-annual visit
Training is re-enforced during each semi-annual
calibration and maintenance visit.
28. Is this documentation maintained? Where? The semi-annual maintenance and calibration results
X are stored in the database and later posted on the NPS
website. Tailgate form used to track site operator
training needs.
29. Is there a written procedure for the QA audit, QC
checks, calibration, or internal audits for the CASTNET
program?



https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fard-request.air-resource.com%2Fproject%2F&data=04%7C01%7Cpdoraiswamy%40rti.org%7Cd3fe8bc283fd4cd85df108d8d815d900%7C2ffc2ede4d4449948082487341fa43fb%7C0%7C0%7C637496935660932990%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=0QYINOcEO5OJo6tbnQE9uwOjNfuz2uyT%2BdCl9l7lmHc%3D&reserved=0

AUDIT QUESTIONS

RESPONSE

Y | N

NA

COMMENTS

a. QA audit?

X

Performed once per year on a fixed schedule by an
EPA subcontractor (EEMS) and four times a year by
state auditor.

b. QC checks?

ZSP checks are performed daily at 1:46 A.M and
monthly multi-point checks are performed by the site
operator.

Auditor: ZSP checks are programed to occur every 24
hours automatically, not performed by site operator.

c. Calibrations?

Every 6 months by a field specialist

d. Internal audits?

All parameters are checked during the semi-annual
visits.

30. Who is responsible for reviewing results from
audits and checks to determine if data should be
invalidated?

Data Management Group and QA Officer (Christian
Kirk)

31. How is the audit data (6-month) reviewed and what
are the decisions (criteria) based on?

ARS follows the limits listed in QA Handbook
Volume II with regards to evaluation ZSP checks
(10% for data validity)

The acceptance criteria for the ozone analyzer is:
All points within 2% of full scale of the best fit

straight line, £5% of actual for any value, r>>0.9950,
09500<slope<1.050

-3.0 ppb < intercept < 3.0 ppb

32. Is this process documented? Where?

The semi-annual maintenance and calibration results
are stored in the database and later posted to the NPS
website.

33. Are there corrective action steps in place?

All data collected “as found” and the audit (calibrator)
makes corrections as needed and documents changes.
The results are recorded in DataView, the database,
and ultimately posted on the NPS website.

34. Where are these steps documented? Review
examples of corrective action, if possible.

In the checklist forms of the Semi-Annual Site
Visitation Checklist

Additional Questions or Comments:

C. Training, Safety and Chain-of-Custody

1. Have the monitoring site operators been trained in
the sampling procedures, including equipment operation,
maintenance and data collection / documentation? If so,

Training occurs in three possible ways:
1-from previous site operator

2- during new site or relocation setup

? . . ..
when? X 3-during each semi-annual visit
Training is re-enforced during each semi-annual
calibration and maintenance visit.
2. Isit fully implemented? X
3. Is this training documented in a training record? Training is documented on tailgate safety meetings
X and site operator training form, as well as the site

laptop.
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RESPONSE

AUDIT QUESTIONS Y | N | NA COMMENTS
4. Is the training record available for review? On DataView laptop (Tailgate forms)
X
Auditor: Reviewed Tailgate form with Dave. Training
is accomplished during Tailgate meetings.
5. Is there any documentation maintained at the Yes, the Tailgate forms are saved under station
monitoring site documenting the training of the site X documentation.
operator? (e.g., site logbook)
6. Is there a process of training, testing, and X
qualification for job responsibilities?
7. How is training provided and how often? Training occurs in three possible ways:
1-from previous site operator
X 2- during new site or relocation setup
3-during each semi-annual visit
Training is re-enforced during each semi-annual
calibration and maintenance visit.
8. Has the operator been trained in the particular X
hazards of the instruments/materials that they are using?
9. Are personnel outfitted with any required safety X
equipment?
10. Are personnel adequately trained regarding X
appropriate safety procedures?
11. Are personnel adequately trained regarding cylinder X
handling?
12. Does the site use field data sheet (FDS) and/or X
Chain-of-Custody (COC) forms?
13. Are these forms being completed properly? X
14. Is the CASTNET Site Status Report Form (SSRF) Yes, no ozone data is placed on this form.
provided by Wood for this site? What information X

regarding the ozone collection is placed on the SSRF?

Additional Questions or Comments:

D. Monitoring Site Housekeeping

1. How long has this site been used for the CASTNET
program?

Ozone collection began:1/1/98

2. Are all site logbooks and/or forms filled in promptly,
clearly, and completely?

Hard copy forms only used if the DataView log is not
functioning properly. There was no evidence of the

X DataView system not working, but there are several
hard copy forms available at the site if the operators
need to utilize them.

3. Does the operator(s) keep the handling area neat and X Auditor: Handling area was nicely organized.

clean?

A-14




RESPONSE

AUDIT QUESTIONS COMMENTS
Y | N [ NA

4. TIs there adequate room to perform the needed X

operations?

5. Do the samplers appear to be well maintained and free

of dirt and debris, bird/animal/insect nests, excessive rust, X

and corrosion, etc.?

6. Are the walkways to the station and equipment kept

free of tall grass, weeds, and debris? X

7. Is the shelter (if any) clean and in good condition? X

8. Does the site have safety equipment (fire extinguisher, X

first aid kit, etc.)?

9. Is the ground surface mostly natural materials? X

10. Are there separate Operation and Maintenance Entries made in the DataView log system. ARS staff

(O+M) logs for the CASTNET also use the Site Status Log (SSL), which is a web-

samplers/monitors/equipment? % based interface to our AQDBMS to log operational and
maintenance issues at monitoring sites. The SSL will
often contain more comprehensive information than
entries in the DataView log.

11. Ifyes, check the O+M or instrument logs against the X

SOPs. Are these acceptable?

Additional Questions or Comments:

E. Documentation

1. Is there a document control program?

The program consists of the QAPP and several attached
appendices for SOPs used in the program. An electronic

X data system (DataView) is used for field entries on a
weekly, monthly, and semi-annual basis.
2. Are the following documents for this project in the
controlled document program:
a. NPS approved ARS QAPP for the CASTNET Not required for GPMP — National Park Service is
Program work? X regulatory agency. The site collects filter packs to send
to CASTNET (Wood)
b. SOPs? X
3. Have the following necessary quality documents for
this project been reviewed, approved, and signed:
a. QAPP — by the NPS Program Manager, NPS The CASTNET QAPP (Version 9.3) has been approved
Management, and ARS Project Manager and QA by all required management leads. This site works
Manager X under the NPS-ARS QAPP that includes the proper
management signatures. The response provided by ARS
is correct for their QAPP.
b. SOPs — by the ARS Project Manager and Program X

QA Manager




RESPONSE

AUDIT QUESTIONS COMMENTS
Y | N | NA

4. Is distribution of the project documents controlled to All versions are electronically controlled; no hard
prevent unauthorized copies from being made/distributed? | X copies.
If so, how?
5. Are outdated controlled documents collected and X
disposed of at the sites?
6. Is this documented? X
7. Are procedures in place if out-of-date documents are X
found? If so, briefly describe.
8. Are the following being filled out promptly, legibly,
and clearly:

a. Logbooks? X Site operator uses the DataView system for logging

activities at the site.

b. Forms? X
8. Are the logbooks and forms maintained at the site? X SSRF forms for 3 years
Where and how?
9. Ifyes, are the logbooks/forms available for review? X The site operator uses the DataView system for logging

visits to the site.

10. Are all entries being made in indelible ink (preferably X SSRF forms
a dark color)?
11. Are corrections to the data being made with a single
line through the entry so as not to obliterate the original X
entry, initials of the corrector, and date of the correction?
12. Has a review of the logbooks/forms been performed? X ARS field specialists
By whom?
13.  Are previous logbooks/forms stored onsite? How? X Electronic entries made on DataView system.
14. Ifyes, are the logbooks/forms available for review? X In the DataView electronic logbook.
15. Does the site operator make electronic entries of field X
activities?
16. If site operator is recording field operations Hard copy forms only used if the DataView log is not
electronically, how does he/she record activities if X functioning properly and several hard copy forms are
electronic recording is not available such as during power available at the site if the operators need to utilize them.
outage and telephone/internet service disruptions?
17. Are hard copy records maintained for short term? X

Long term?

Additional Questions or Comments:




Part 3: Network Management

RESPONSE COMMENTS
AUDIT QUESTIONS Y | N | NA
A. Key Individuals

1. List all key individuals, job titles, e-mail extensions,
and telephone numbers associated with this site.

(Site operator)

(Backup operator)

Johnathan Jernigan

Brice Leech

2. Other than CASTNET, what other networks is the site
associated with?

EPA NCORE site operated by ARS

3. What types of samples are collected at this site?

Filter pack and ozone

Additional Questions or Comments:

B. Network Planning

1. What is the date of the most recent network
assessment (monitoring network plan)? (mostly likely
performed by EPA CAMD)

CASTNET Plan for Part 58
Compliance dated July 1, 2020 for
2016 work plan

2. Is the annual network plan up-to-date? X See here -
https://www.epa.gov/castnet/ozone
3. Do you collect collocated samples? X At MCK131/131 and ROM406/206
4. What is the date of the current network plan? Previous CASTNET Plan for Part 58
Compliance dated July 1, 2020 for
2016 work plan.
5. Review the network plan includes the information
required for each site.
a. AQS Site ID Number X
b. Street Address and geographic coordinates X
¢. Sampling and Analysis Method(s) X
d. Operating Schedule X
e. Monitoring objective and scale of X
representativeness
f. Site suitable/not suitable for comparison to X
annual NAAQS standards
g. Metropolitan Statistical Area (MSA), Core Based
Statistical Area (CBSA), or Combined X
Statistical Area (CSA) indicated as required?
6. Does the network plan include proposed changes to X

the network?



https://www.epa.gov/castnet/ozone

RESPONSE COMMENTS
AUDIT QUESTIONS

Q Y [N[NA

7. Does any proposed change affect this site? X Changes are addressed as required.
No changes are listed for MAC426.

8. Who (person) has custody of the network plan and EPA CAMD (Tim Sharac) on the EPA
where and how is it maintained? CASTNET website.
9. List any non-conformance waivers for the site visited? X
10. Where are the waivers documented and who gave X
approval?

Additional Questions or Comments

C. Monitors, Samplers, and Equipment at the Site

1. List of monitors/ samplers/equipment at the field site
and confirm the instrumentation manufacturer, model
number, and serial number with the ARS Ozone
Calibration Laboratory.

a. (Site Ozone Analyzer)

b. (Transfer Ozone Analyzer)

c. (Other) Zero air System pump

S/N 1030745085

S/N 1015543061

Werther Model PC7014 pump

(Add additional rows as needed)

2. Check for certification, validation, and calibration
labels for samplers, monitors, and equipment.

a. Flow pump

b. Shelter temperature sensor

Thomas Model 107CAB18

Y SI Model 44000

Series sensor

c. Temperature probe for shelter temperature
measurement.

Same as above

Datalogger

ESC Model 8832

3. How many primary standards and how many transfer
standards? List of calibration (include transfer) and
verification standards and certificates. Verify at ARS
Ozone Calibration Laboratory.

One primary standard and four transfer
standards

3. List of calibration (include transfer) and verification
standards and certificates. ARS uses 4 transfer standards
for 6-month calibration checks and one primary standard
maintained at the ARS Ozone Calibration Laboratory.
All five standards are Level 2.

Level 2 Ozone Standards used for
Semi-Annual Calibration Audit

a. Thermo 49i ozone analyzer (last certified March 19,
2020) by US EPA in RTP, NC by Scott Moore using
NIST SRP (NIST Certified on 5/26/2019)

S/N: 1130450195




AUDIT QUESTIONS

RESPONSE

Y

N

NA

COMMENTS

b. Thermo 49i ozone analyzer (last certified February 11,
2020) by US EPA in RTP, NC by Scott Moore using
NIST SRP (NIST Certified on 3/28/19)

S/N: 1130450196

c. Thermo 49i ozone analyzer (last certified February 25,
2020) by US EPA in RTP, NC by Scott Moore using
NIST SRP (NIST Certified on 3/28/2019)

S/N: 1130450197

d. Thermo 491 ozone analyzer (last certified February 11,
2020) by US EPA in RTP, NC by Scott Moore using
NIST SRP (NIST Certified on 3/28/2019)

S/N: 1130450192

e. (Primary) Thermo 49C PS ozone analyzer (last
certified October 13,2020, signed November 5, 2020) by
US EPA region 8 by Joshua, Rickard using NIST SRP
(NIST Certified on 11/1/2019)

S/N: 75759380

Additional Questions or Comments:

Recommend using a different terminology (e.g., Lab Standard) than “Primary” standard to avoid confusion with the

Primary Level 1 standards in the strictest sense.




Part 4: Specific Sampling Criteria (Ozone Sampling)
(There are four operations (site installation and initiation, site operations, field calibrations, and field operations) conducted at
each site. The following sections will discuss each operation.

AUDIT QUESTIONS

RESPONSE

Y

N

NA

COMMENTS

A. Site Installation and Initiation Procedure

1. Is there a required training program for the Field

The training program consists of senior

Installation Team and the Station Initiation Team before X field specialists training junior field
they are able to perform site installation? specialists.
2. Is there any certification records for instrumentation A.BTUH_‘EOH Compass is useq to align the
used to install a CASTNET site? (Examples of this X wind direction and are certified as
instrumentation would be compasses, inclinometers, needed by the manufacturer.
measuring tapes, voltmeters, etc.)
3. Does ARS use subcontractors for site installation? Overseen by ARS staff
Does an ARS staff member oversee all of the installation X
process?
4. Is there a checklist the Field Installation Team updates X New Site/Site Relocation Form in SOP
during installation? “F_SITING_AQSITE F 1.0”
5. If yes, where is it maintained, and can the MAC426 Records are maintained on the Air
form be reviewed? If not, could ARS provide a uality Database Management System
p y g y
completed form from another site? AQDBMS) server.
p
6. Does ARS need to obtain EPA approval for NPS and EPA approvals
CASTNET site location? Discuss steps in determining X
site.
7. Can ARS provide the paperwork to show the 5-step This was done in 1998.
site selection process for selecting the MAC426 site? Auditor: Technic fsit
uditor: Technicians were aware of site
X selection criteria, but original 5-step site
selection process records were not
available on site due to age of site.
8. Does ARS perform an acceptance test or burn-in of all X
instrumentation prior to install at the site?
9. Are records maintained of this acceptance testing and X
where are these records maintained?
10. Are records maintained for the initial onsite
equipment calibration for MAC426? If not, could ARS X
provide records from another site?
11. If yes, where is it maintained and can it be reviewed? Information is stored on the AQDBMS
server.
Auditor: Reviewed 1x6 MTCAL records
for Level 3 standard (Station Reference)
and ozone analyzer. Certification records
for Level 2 std were reviewed onsite.
12. If calibration standards are used, can ARS provide Record intained on the ri
records of certification? Where are the records X ecords are maintained on the primary

maintained?

SCrver.

A-20




RESPONSE COMMENTS
AUDIT QUESTIONS
Q Y| N [NA

13. Does the CASTNET sites need to be inspected by

local municipalities for Building Codes and Restrictions X

during the installation process?

14. If yes, where are these records maintained? Records are maintained on the primary

server

15. Who provides the training to the site operator? ARS Field Specialists

16. Is there a checklist or confirmation documentation X Tailgate Safety Meeting Form and Site

that the site operator has completed the training? Operator Training Form.

17. If yes, is this documentation maintained and where? X On the AQDBMS server and the
DataView system at the site.

18. Is the data acquisition system (DAS) validated The Field Specialist verifies the DAS is

during the initial installation? By whom? Records? working properly and the results are

X included in the Semi-Annual Site

Visitation Checklist (Section 6). These
records are maintained on the AQDBMS
server.

19. Are records (e.g., Capital Equipment Inventory Auditor: Instrument decals were

Checklist) maintained for the inventory of X reviewed on site.

instrumentation installed at the site such as manufacturer,

model number, ARS Property Number, EPA decal, etc.?

20. Who is responsible for maintaining the inventory Administrative assistant and records are

records and where are they maintained? maintained on the AQDBMS server

21. Does an ARS management staff person need to

a he site i - ) o X

pprove the site installation before sampling can begin?
22. Ifyes, is this documented and where? X

Additional Questions or Comments:

B. Site Operations Procedure

1. Is the ozone sampling performed within the guidelines

of an EPA- and ARS-approved SOP? X

2. On the average, how often do you visit the monitoring Once per week (Tuesday)

site per week?

3. Is ozone sampling conducted year-round? If not, X

document the timeframe.

4. What is the frequency of sample collection during the Hourly

peak season? (requirement = hourly)
Auditor: summer was noted as peak
season during field visit.

5. Does the site measure ozone during the off season? If X Hourly

yes, what is the frequency of sample collection?
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AUDIT QUESTIONS Y | N | NA

6. Does the site operator follow the SOP for the weekly

site visit? Any deviations? Is a copy of the SOP readily X

available?

7. Where does the site operator document all procedures DataView log

performed during each site visit? Weekly Station Visit Checklist
View checklist

8. If the site operator has a problem, who does he/she Information Management Center (IMC)

communicate with and how? and/or ARS Field Specialist

9. Where does the site operator obtain local weather From the temperature sensor on the 10-

conditions? Alternate source? meter tower. Weather app on smart
phone

10. What device does the site operator use to confirm Y SI Model 44000 Series sensor last

shelter temperature? Are values recorded within 20 to 30 calibrated on May 15, 2020. Shelter

°C? X temperature probe has traceable
calibration. Hourly data are collected
and stored.

11. Is this device certified? Frequency? X During every semi-annual maintenance
and calibration visit (May 15, 2020)

12. Does the site operator complete and document Weekly Station Visit Checklist

activities in checklists? Which checklist instructions does | X

the site operator use for ozone sampling? (Observe.)

13. Are the checklists maintained and where? X Data View log

14. Is the DataView System Station Log available to X

track entries? (Review entries.)

15. What steps does the site operator perform to verify a ZSP checks are performed automatically

zero, span, and precision check occurred on the ozone at 0146. The site operators only perform

monitor? ZSP check if requested to do so by ARS.

16. If the ZSP verification operations in the previous IMC contracts the field specialist to

question were not successful, what does the site operator discuss and identify the issue;

do? troubleshoot as needed.

17. Does the ozone system use a Nafion dryer? When Leak checks are performed every month

was it installed? or as needed. The operator does check
for alarms weekly which would alert

X them to a low flow condition. Also, the

flow rates are checked and noted during
the semi-annual visit. If flows are below
manufacturer specifications the pump is
rebuilt or replaced.

18. Does the site operator perform a flow rate and leak The site operator does not measure flow

check of the ozone monitor? rates at the site for the ozone collection
process. Leak checks are performed
once a month.

19. What device (standard) does the site operator use to X

measure the flow rate?
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AUDIT QUESTIONS
Q Y[ N [NA
20. Is this standard certified? Review documentation. X
21. Where are these values (flow rate and leak checks) Leak checks are documented Monthly in
documented? Review previous entries if possible. the DataView log.
22. Is there any documentation on the FDS/COC forms The site operator does not enter any
for ozone sampling? X information regarding ozone collection
on the SSRF.
23. How are telephone conversations documented Site operators primarily use the
between the site operator and ARS Office? DataView station log to communicate
with ARS. There are hard copy forms
available in the event DataView is not
working properly. These forms are e-
X mailed, faxed or mailed to the IMC and
the information is entered into the
AQDBMS by IMC. Additionally, field
specialists use the Site Status Log to
document correspondence with site
operators regarding operational issues.
24. Review the DAS with the site operator.
a. Data from ozone monitor to data logger.
b. Datalogger to network router.
c. Network router to computer for review onsite.
d. Modem to ARS by Internet. X
25. Does the site use uninterruptable power supplies or X
backup power sources?
26. What instruments or devices are protected The entire site is protected by ILSCO
(electrically)? brand surge protection.
27. How are the ambient ozone sampling and zero, span, Electronically
and precision checks (ZSP) controlled?
28. What device is used for the ZSP checks? Manufacturer: Thermo
Model: 49i
Serial Number: 1030745085
29. What is the frequency of the ZSP checks? Daily at 1:46 A.M.
30. Are the ZSP checks documented? Where and how. | X DataView Log
31. Are steps in place if ZSP checks fail? Review. X

32. How long does it take to conduct a ZSP? Time of
Day.

Approximately 20 minutes, beginning
shortly before 2:00 A.M.

Auditor: ARS field tech explained that
ZSP checks take 28 minutes, not 20 min.
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AUDIT QUESTIONS
Q Y| N [NA
33. Can the results of the ZSP be reviewed at the site?
S ) X
Review, if possible.
34. What is the height of the inlet for the ambient ozone 10 meters
sampling?
35. What is the supply line made of? Teflon tubing
36. Does it connect to a manifold or designated supply Designated supply line to the analyzer.
line to the monitor?
37. Does the air stream flow through any filters before X A Teflon filter (outside) at the top of the
entering the ozone monitor? tower.
38. What is the reporting measurement unit for the Parts per billion (ppb)
ozone measurement?
39. What device delivers zero air during the ZSP The zero air supply consists of a
checks? List the device: manufacturer, model, and serial compressor with a reserve tank (Werther
number. Model PC7014 pump)
40. Does the air flow go through desiccant and carbon
canisters from the zero air system during the ZSP X
checks?
41. During the ZSP checks, does the air flow from the Auditor: Ozone is generated from
transfer ozone monitor to the inlet and then to the X ambient analyzer then sent to the transfer
ambient ozone monitor? standard and up to the inlet then back
down to itself.
42. What concentrations are evaluated during a ZSP Zero air, 200 ppb ozone (span), and 60
checks? ppb ozone (precision check).
43. Are MQOs being met at the site for ZSP checks? Zero (<+ 3ppb in 24-hr period and 5 ppb
X in 14-day period) and precision and span

(<£7% between supplied and observed
concentrations). ZSP checks are charted.

44. What is the frequency of calibrations of the ozone
monitors?

A calibration check is performed by an
ARS Field Specialist every 6 months.

45. How many calibration points are checked?

Six points (including zero) for the 6-
month calibration verification check at:
200, 150, 100, 60, 30 and 0 ppb.

46. How are the multi-point calibration (Pre-
Maintenance Ozone Calibration Form) reported and
where is the data maintained? (Review data.)

The semi-annual calibration verification
results are stored on the primary server.

47. Who are the results reported to?

Results are initially submitted to the QA
Manager and/or officer for review, then
provided to the IMC and ultimately
posted on the NPS website.

48. Who repairs the monitors if outside acceptance
during the calibration?

Field specialists

49. Where is the Operation Support Center located?

This is part of the IMC at the ARS
offices in Fort Collins, CO
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AUDIT QUESTIONS T~ [ on

50. What is the frequency of checking and replacing the Filters are inspected weekly by the site

ozone particulate filter? operator and replaced as needed. The site
operator replaces the filter every month.
The filter is conditioned by running a
ZSP and verified data is acceptable.
Auditor: Ozone particulate filter is
replaced every 2 weeks. ARS clarified
that the typical frequency is on a
monthly basis. Some site operators (as in
this case) deem it necessary to replace it
more often than the monthly cycle.

51. What is the frequency of replacing the desiccant? Semi-annually

52. Who is responsible for providing maintenance to the Data analyst in the IMC.

DAS?

53. Who does the site operator contact if there is a ARS field specialist

problem with the DAS?

54. Discuss Data View software and document site Operators are instructed to document any

operator’s knowledge of the software and entries that pertinent information.

he/she would make.

55. Does the site operator follow the SOP for data X

entries into the DAS?

56. Can the site operator provide the auditor a copy of Data logger calibration are not needed.

the last data logger calibration? Review data and X

compare to form at the calibration lab.

57. Who is responsible for performing preventive The site operator inspects the site every

maintenance? Tuesday and reports issues to the IMC.
Auditor: Preventative Maintenance is
performed by ARS during site visits.

58. Is special training provided for site operator for 1-from previous site operator

performing preventive maintenance on the monitors/ 2- during new site or relocation setup

samplers/equipment? Briefly comment on background 3-during each semi-annual visit

or courses. X S .
Training is re-enforced during each
semi-annual calibration and maintenance
visit.

59. Is this training routinely reinforced? X During each semi-annual maintenance

and calibration visit.

60. What is the site’s preventive maintenance schedule
for the ozone measuring system?

Six months, or if issues arise.

61. If maintenance, troubleshooting, or replacement of a
sampler is required, who does the site operator contact
and at what phone number?

Field Specialists are available during
business hours for operator support via
telephone and/or email (970) 484-7941

62. Who provides support to the site operator when a
sampler replacement is preformed? How are these
directions provided?

Field Specialist. Direction is provided
via telephone support and email with
photographs and/or diagrams if required.
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AUDIT QUESTIONS

RESPONSE

Y

N

NA

COMMENTS

63. If preventive maintenance is MINOR, it is performed
at (pick one or more):

field station, headquarters facilities, or equipment is sent
to manufacturer

Field station

64. If preventive maintenance is MAJOR, it is
performed at (pick one or more):

field station, headquarters facilities, or equipment is sent
to manufacturer

Headquarters or at manufacturer

65. Does the agency have service contracts or
agreements in place with instrument manufacturers?
Indicate below or attach additional pages to show which
instrumentation is covered?

66. Comment briefly on the adequacy and availability of
the supply of spare parts, tools and manuals available to
the field operator to perform any necessary maintenance
activities. Do you feel that this is adequate to prevent
any significant data loss?

Sufficient spare parts are available in the
ARS laboratories.

67. Is the agency currently experiencing any recurring
problem with equipment or manufacturer(s)? If so,
please identify the equipment or manufacturer, and
comment on steps taken to remedy the problem.

68. Have you lost any data due to repairs in the last 2
years? More than 24 hours? More than 48 hours? More
than a week?

69. Explain any situations where instrument down time
was due to lack of preventive maintenance of
unavailability of parts.

N/A

Additional Questions or Comments:

C. Field Calibrations Procedure

1. Has a biannual TSA been conducted at the site?
When and who performed the last TSA.

No TSA has been performed at
MAC426. The last TSA was performed
at GRSM on April 25,2017. EEMS
performs a Field Systems Audit (FSA)
every two years at the CASTNET sites.
Last two FSAs at the MAC426 site were
performed on 11/13/17 and 10/17/19.

2. Has a biannual performance evaluation (PE) been
conducted at the site? When and who performed the last
PE.

EEMS performed the last annual PE
audit on August 19, 2020. These
typically occur annually.
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AUDIT QUESTIONS Y | N | NA
3. Is ‘as found’ data recorded? Auditor: PE report specifies before,
during and after audit cell pressure
measurements were performed, but does
X not list the as-found and as-left ozone
values. The semi-annual verifications
performed by ARS lists the as-found and
as-left ozone values.
4. Is “as found” data provided to the site operator after a X Dave Beichley
PE is conducted? If so, review last few PEs.
5. Has an ARS site calibration been performed at this Field Specialist (Dave Beichley)
site? When and who performed the last calibration. X performed the last maintenance and
Provide the Calibration Summary Form. calibration visit on May 15, 2020.
6. Are the results of the calibration documented? If so, X NPS Website
where and review if possible.
7. What is the frequency of the ARS site calibration? Semi-annually
8. Review Data View System Station Log to track Review completed on site.
entries made during calibration.
9. Is the transfer ozone monitor allowed time to X 20 minutes or more.
stabilize? If yes, what amount of time is allowed?
10. What device is used to provide air for the zero-air Weather air compressor
check for the calibration?
11. During the calibration are ozone calibration points X
taken over the full range of the instrument?
12. Is line loss test performed? Auditor: ARS performs leak test twice
X er year during semiannual site visit.
pery g
13. What does a high line loss indicate (greater than Bad inlet tubing
5%)?
14. How is this issue resolved and documented? Inlet tubing is replaced
15.1s there criteria in place to determine if the ambient
ozone or transfer ozone monitor used for ZSP checks X

need calibration?

16. What is that criteria?

ZSP criteria:

Zero value <£3 ppb over a 24-hour
period and 5 ppb over a 14-day period

Precision/Span <+7% between supplied
and observed conditions.

Semi-annual calibration verification
criteria:

All points within £2% of full scale of
the best fit straight line, +5% of actual
for any value, r>> 0.9950, 09500 <
slope < 1.050

-3.0 ppb < intercept < 3.0 ppb
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AUDIT QUESTIONS
Q Y[ N [NA
17. Besides running different concentrations of ozone Monthly leak checks are performed on
through the site’s ozone analyzer, what other steps are the ozone collection system.
performed for the ozone collection system? . .
Auditor: Solenoid valves are checked
during semiannual site visit.
18. Does the calibrator use NIST-traceable standards X
when conducting the calibration?
19. Where is the documentation (certificates) On primary server.
maintained? Are they available for review during the X
audit?
20. Is there a checkout procedure for instrumentation No, but there is a folder documenting
taken from the Ozone Calibration Laboratory to the field X which machines have been calibrated
sites during the 6-calibration? against each Level 2.
21. Are these checkout list maintained after the In the Level 2 folder
calibration? Where? (Calibration Box Inventory and X
Spare Parts Inventory)
22. Is there a checklist for the 6-month site visit? X
23. Ifyes, who completes it, where is it maintained and The field specialist completes the pre-trip
can it be reviewed. Review MAC426 checklist for the preparation checklist. The checklist is
most recent 6-month check. stored on the primary server.
24. If an analyzer does not perform within acceptance X Troubleshoot the problem and repair or
criteria, what does the calibrator do? replace the analyzer.
25. Who determines when an analyzer can be repaired in Field specialist
the field or needs to be shipped back to the Ozone
Calibration Laboratory?
26. If an analyzer is removed from the field for Document maintained on the primary
calibration failure, what are the steps for replacement and server in the Site Status Log (SSL)
is there a documentation trail? Where is the
documentation maintained?
27. If an analyzer fails the 6-calibration, is previous data The IMC Data Manager and team lead
collected from that site reviewed? By whom? X review th‘? dgta in conjunction with the
field specialist and/or QA department.
28. Is there a form for documenting instrument’s X Field form (excel spreadsheet with
maintenance or repair for the 6-month site visit? several worksheets)
29. If yes, who completed it, where is maintained, and Completed May 5, 2020 by Dave
can it be reviewed? Review MAC426 instrumentation X Beichley and stored on the primary

blue cards at lab.

SCrver.

30. What steps are taken to confirm valid ozone data
was collected?

ZSP checks are reviewed by data analyst
and field specialist

Auditor: ARS data team performs data
validation process.

31. Who is responsible for calibrating the DAS?

Field Specialist
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AUDIT QUESTIONS Y | N | NA
32. Is there a calibration check form to document the ARS has determined this is no longer
DAS calibration? If so, where is it maintained? Review necessary with the ESC 8816/8832
latest DAS calibration for MAC426 site. dataloggers. Although the analog outputs
of the ozone analyzers and station
X reference instruments are tested during
semi-annual site visits, analog
communications are being phased out
and replaced with digital
communications.
33. Who is responsible for providing maintenance to the The Field Specialist performs any
DAS? maintenance performed on the DAS.
This site is mostly digital.
34. Who determines if the DAS is operating properly The Field Specialist confirms all systems
after a calibration check? are operating prior to leaving the site.
35. Who is responsible for calibration the analog input Since the network transitioned to ESC
card on the ESC datalogger? 8816-8832 series dataloggers, it is not
necessary to calibrate the analog input
card.
36. Is there a calibration check form to document the Since the network transitioned to model
ESC datalogger calibration? If so, where is it 88/16/8832 dataloggers, the ESC voltage
X Analog Input Card Check is no longer

maintained? Review latest datalogger calibration for
MACA426 site.

performed.

37. Who is responsible for providing maintenance to the
datalogger?

Field Specialist

38. What type of training has been conducted during the
6-month site visits?

Training is conducted on any aspect of
the instrument/station operations,
including ZSP checks, data reporting,
data transmittal or other operational
requirements where deficiencies are
observed.

39. Where is this training documented?

Tailgate safety and site operator training
forms.

Additional Questions or Comments:

D. Field Operations Procedure (performed by the Ozone Calibration Laboratory)

1. Is there a procedure used by the lab to certify their

Lab standards are sent to EPA for

ozone transfer standards? What is the SOPs title? X certification annually

2. Is there an ozone primary standard for the lab? X There is a Level 2 Lab Standard:

Obtain copy of most recent certification. Thermo 49C-PS 75759-380
o o

3. Is this unit (primary standard) certified? By whom and X Annually- by EPA region 8

at what frequency? Review documents.

4. What are the test points used for verifying the ozone
transfer standards?

O ppb, 225 ppb, 180 ppb, 125 ppb, 90
ppb, 50 ppb

5. What is the minimum frequency of certifying the
ozone transfer standards?

Level 2 transfer standards are certified
annually
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AUDIT QUESTIONS AT

6. Who performs the ozone transfer standard Level 2 transfer standards are certified

certification process? by EPA Regional Offices

7. Is there any required training to perform the process

and is there any documentation of this training? X Performed by EPA

8. Is this documented (Ozone Transfer Standard

Certification Worksheet) and are the documents available | X

for review?

9. What is the frequency of calibration of the site’s Semi-annuall

ozone transfer standards? Y

10. How many sample runs are performed during the X Ozone Transfer Standard Certification

transfer standards certification? form stored on the primary server.

11. Where is this data maintained? Is it reviewable? Level 2 transfer standards are certified
by EPA annually.

12. Describe the certifying process for transfer Level 2 transfer standards are certified

standard? by EPA annually.

13. How are the transfer standards evaluated? A single Linear reeression

point or linear regression over concentration range? &

14. What is the evaluation criteria? Thel acceptance criteria for the ozone
analyzer is:
All points within £2% of full scale of
the best fit straight line, £5% of actual
for any value, r>> 0.9950, 0.9500 <
slope < 1.050
-3.0 ppb < intercept < 3.0 ppb

15. Who gives final approval the transfer standard QA Officer (Christian Kirk)

performed acceptable?

16. Is the certification of the transfer standards Manuall

performed manually or automatic? Y

17. Describe the traceability process of all ozone Level 2 transfer standards are certified

analyzers used in the CASTNET program? (Level 1, 2, by EPA Regional Offices, Level 3

and 3) station reference analyzers are certified
by ARS using a traveling Level 2
transfer standard.

18. Is there an SOP that identifies maintenance

requirements for the ozone transfer standards at the ARS X

Ozone Lab?

19. Is there a maintenance and calibration schedule for

the ozone transfer standards? If yes, where is it X Primary server

maintained and review?
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AUDIT QUESTIONS
Q Y| N [NA
20. What analyzer is used as the primary standard?
Review documentation and request electronic copies of
the certificates.
Bios Definer 220
Eutechnics 4400
Flow meters Druck — various models
Temperature sSensors Fluke — VaI‘iOU.S mOdelS
Barometric pressure sensors
Voltage meters
21. Is there an SOP that identifies the acceptance limits . ,
. . Limits are based on manufacturer’s
for the temperature and barometric pressure sensors in X . . .
specifications and recommendations.
the ozone analyzers?
22. What is the acceptance limit for the temperature Limit: 2°C
.sensor.in the ozone sampler? What .is done if the sensor Corrective Action: replace sensor
is outside the limit? What standard is used to confirm the )
temperature sensor? NIST-certified transfer standard
23. What is the acceptance limit for the barometric Limit: 5 mm Hg
pressure sensor in the ozone sampler? What is done if Corrective Action: calibrate
the sensor is outside the limit? What standard is used to )
confirm the pressure sensor? NIST-certified transfer standard
24. Is there an SOP that identifies the acceptance limits X
for leak checks or ozone loss test in the ozone analyzers?
25. What is the acceptance limit for the leak check in Limit: 250 mm Hg
mm Hg for the ozone sampler? What is done if the leak Above 230 mm Hg prompts corrective
check is outside the limit? What standard is used to X action, which is to replace tubing and
measure the leak pressure? check transducers.
26. For the ozone line loss test, what ozone certification
detector is used? When was it last certified and by X The on-site analyzer; last certified
whom? Are records of the certifications maintained and 5/15/20 by Dave Beichley
where?
27. Is the flow rate checked on the ozone analyzers? If A Bios Definer 220H serial number
yes, what device is used? Is it certified? Last 122997 was used; its last certification is
certification. X dated 6/18/20.
Auditor: Flow rate checks are
performed by the Field Specialists.
(Note that Q18 refers to site operator).

28. How are transfer standards tracked when shipped to
sites? Where is this documented?

FedEx Courier Service
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AUDIT QUESTIONS
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29. For what reasons would you need to calibrate an 1. Acceptance testing of a new
ozone analyzer? Instrument
2. Installation of instrument at
monitoring site
3. Whenever control limits are
exceeded
4. Prior to any corrective action,
service, or maintenance to any
portion of the instrument that
affect its operation principle
5. at a maximum interval of 6
months
30. Who performs the calibrations of the site analyzers Field specialists
and transfer standards? P
31. How is data tabulated? Ozone Transfer Standard Certification
form on primary server
32. How many sample concentrations are performed Six
. . S
during the transfir standards certification? What values 200, 150, 100, 70, 30, 0 ppb
are normally run?
33. Where is this data maintained? Is it reviewable? X On the calibration report
34. Describe the process of certifying the transfer .
standard and document the SOP number? Based on EPA ozone guidance
35. Is there a single-point accuracy criterion? X Based on EPA ozone guidance
36. Describe the calculations for the slope, intercept, and Based on EPA Guidance EPA-454/B-
correlation coefficient? 13-004 Transfer Standards for
Calibration of Air Monitoring
Analyzers for Ozone, Technical
Assistance Document.
37. Provide records of purchased equipment for site
MAC426 relating to the ozone sampling operation. .
Where is this information maintained? (QAPP Section Equipment Inventory Database
A6.2)
38. Provide the SOP that gives guidance for purchasing, Equipment inventory database and
maintaining inventory records, testing, and calibration of X inventory report (provided to program
equipment procurements. (QAPP, Section A6.2) manager annually) are available for
review by the auditor.
39. Does the ARS QA Manager conduct internal audits .
of the Calibration Lab? X No, we perform internal QC checks
40. If yes, what is the frequency? 45 days or less
41. Ifyes, can these audit reports be reviewed? Review X Yes
past three reports.
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AUDIT QUESTIONS T~ [ on
42. Can Calibration Lab provide the Sample Site
Inventory Form for MAC426? If so, check items (ozone X
analyzers and data acquisition system) against equipment
found at site.

Additional Questions or Comments:

Genevieve Lariviere (Administrative Assistant) oversees the scheduling of the standards (ozone, temperature, barometric
pressure, flow rate, and voltmeters) used for the CASTNET Ozone collection program. She uses a database to track the
scheduling, certificates, and location of the standards.
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PART 5. Sampler Siting

RESPONSE
AUDIT QUESTIONS COMMENTS
Y | N|NA
A. Sampler Siting
1. Does the location for the samplers conform to the X
siting requirements of 40 CFR 58, Appendix E?
2. Are there any visible hazards or noticeable problems X
at the site?
3. Are there any changes at the site that might X
compromise original siting criteria (e.g., fast-growing
trees or shrubs, new construction)?
4. Are there any visible sources that might influence or X
impact the monitoring instrument?
5. Is the spatial scaling for the site visited neighborhood X Urban to regional

(0.5 to 4 km), urban (50+ km), or regional (100+ km)?

6. Sampler siting as stated in 40 CFR Part 58 Appendix
E. Indicate Y/N to criteria for each sampler, and if no,
specify why:

a. The inlet probe must be between 2-15 m above X
ground level.

b. The probe must be at least 1 m vertically or
horizontally away from any supporting structure,
wall, parapets, etc., and away from dusty or dirty
areas. If the probe is located near the side of a X
building, it should be located on the windward side
relative to the prevailing wind direction during the
season of highest concentration potential for the
pollutant being measured.

d. Spaced properly from minor sources. (Away from X
direct flow of plumes, furnaces, etc.)

c. The probe must have unrestricted airflow and
located away from obstacles so that the distance from

the monitoring path is at least twice the height the
obstacle protrudes above the monitoring path.

e. The monitoring path must be clear of all trees,
brush, buildings, plumes, dust, or other optical
obstructions, including potential obstructions that may| X
move due to wind, human activity, growth of
vegetation, etc.

f. Air flow must be unrestricted in an arc of 270
degrees around the sampler except for street canyon X
sites.

g. The predominant direction for the season with the
greatest pollutant concentration potential must be X
included in the 270-degree arc.

h. The probe must be at least 10 m from the drip line X
of the tree or trees.
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RESPONSE
AUDIT QUESTIONS Y | N | NA COMMENTS

i. Spacing from roadways. If the area is primarily
affected by mobile sources and the maximum
concentration area(s) judged to be a traffic corridor or X
street canyon, the monitor should be located near
roadways with the highest traffic volume. See
Figure 2 below or 40 CFR 58 App. E.

37.1864° N

7. What are the GPS coordinates (latitude and longitude)
86.0411°W

for the field site?

Auditor: Confirmed using GPS on
mobile phone.

Auditor: Site elevation is 744 ft.
Confirmed with site technician and ARS
field tech.

8. What is the elevation of the site (feet)?

A temperature sensor (2 meters high) is

9. Nearest meteorological site?
in operation on the 10-meter tower.

Auditor: Yes, confirmed on site.

Additional Questions or Comments:
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For Ozone Sampling

Roadway Average daily traffic, vehicles/day | Minimum separation distance, m
<10,000 10
15,000 20
20,000 45
30,000 80
40,000 115
50,000 135
>60,000 150
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B. Site Sketch (To be completed by RTI Auditor)
Mammoth Cave National Park Field Site (MAC426) Measurements (2/2021)

The Mammoth Cave National Park Field Site is located 20 miles northeast of Bowling Green Kentucky along the
southwest border of the park. The entrance is located at the east side of the site with a small parking area near the
entrance gate. There is a six-foot-high chain link fence along the perimeter of the site. The boundary of the site
measures approximately 77 ft by 85 ft. The shelter which houses the CASTNET instrumentation is roughly 10 ft
tall with two 10 m towers alongside. One tower houses the ozone inlet and filter pack. The other tower houses the
ambient gas monitor inlet for SO, NO, and NOy. The 10 m meteorological tower is independently supported
approximately 7.5 m due west of the ozone inlet tower. Other instrumentation on the main shelter includes a
Nephelometer sampler, NASA AERONET monitor, and a PM> s TEOM sampler which was not in operation at that
time. Also, at the site is an IMPROVE sampler station housed in a separate shelter, a 5 m tall meteorological tower
for the RAWS program, and four separate rain/precipitation gages.

Items Compass
Degrees Distance (m)  Height (m)

A. 10 m tower, ozone inlet and filter pack - - 10
B. PM,s TEOM sampler inlet 165 2.7 1.7 (height above roof)
C. 10 m tower with gas analyzer inlet 260 4 10 (height above roof)
D. NASA UV meter 120 4.6 1 (height above roof)
E. Nephelometer sampler 90 34 1.5 (height above roof)
F. IMPROVE samplers 150 9.3 (shelter center) 3.7 (shelter height)
G. 10 m tower for meteorological tower 240 7.5 10
H. 5 m tower - RAWS meteorological 236 16.5 5
I. Tipping rain gages 190 13
J.  Weighing rain gages 175 20.8 1.2
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Part 6. Data Management (Site)

Data to gather at the field monitoring sites:

- Download or print data from Ozone instrument, if possible. Include time and O3 ppb data at a minimum,
but include other information such as ambient temperature, BP, RH, shelter temperature, flow rate, etc., if
available. Include a zero-span check if available. Later, the times and O3 results will be compared with the
reported data in AirNow and AQS.

- Hand-record readings directly from the front panel of the ozone ambient analyzer and the logger for several
minutes. Compare it with the data above while you are on site. No follow-up should be necessary unless
discrepancies are found.

Ozone Reading Ozone Reading Ozone Reading
Interval Time Screen Logger Interval Time Screen Logger Interval Time Screen Data file
1 16:00 324 32.62 16 16:15 237 23.39 31
2 16:01 28.2 34.6 17 16:16 234 23.57 32
3 16:02  24.6 27.3 18 16:17  23.8 23.45 33
4 16:03  24.1 24.79 19 16:18  24.8 23.77 34
5 16:04  24.7 24.29 20 16:19  23.8 24.38 35
6 16:05 243 24.59 21 16:20  23.8 23.9 36
7 16:06 244 24.25 22 16:21 234 23.58 37
8 16:07 25 24.61 23 16:22 231 23.54 38
9 16:08  24.1 24.77 24 16:23 22.8 22.95 39
10 16:09  23.8 23.78 25 16:24  22.6 22.77 40
11 16:10 244 23.82 26 16:25 22.9 22.72 41
12 16:11 23.7 24.26 27 16:26 229 22.84 42
13 16:12  24.1 23.83 28 16:27 233 23.09 43
14 16:13 242 24.17 29 16:28  23.1 22.94 44
15 16:14 234 24.13 30 16:29 227 22.92 45

NOTE: Minor discrepancies are seen between the reading on the screen and the data logger. Follow-up with
the field technician clarified that it is due to different averaging times. Dave Beichley provided the following
response: “The readings on the front display of the ozone analyzer is generally set to 30 seconds averaging
time. The readings on the logger are digital readings, and we use MODBUS to collect the data, Modbus
updates I believe every 10 seconds. The lowest averaging time we collect data on the logger is 1 minute
average readings. If conditions are stable there will be some slight differences between media. If the
readings are changing rapidly either because of ambient conditions or if a calibration is being performed the
readings may differ much more.”

Data (1 minute) and ZSP checks from 2 days prior to onsite audit (February 7 and 8, and part of February 9,
2021) and prior month (January 1-31, 2021) were downloaded from the Datalogger and saved to a portable
hard drive.

- Make a note of any interruption in monitoring data that occur due to the TSA (however, no interruptions of
data are planned). Record exact times when the ozone data was interrupted. This will be checked later
against the data records.

NOTE: No disruption in the data collection

- With the Site Operator, discuss any recent instances when data was flagged because of malfunctions,
weather, site conditions, or any other reason. Get a copy, if possible, of the reporting forms, logbook pages
and any other backup data. This information can be examined at the data center as part of the validation
process audit, and later when the flags in AQS and AirNow data are checked.
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NOTE:

No recent events of data lost or flagged due to malfunction, weather, or site conditions. Possible data

loss due to power outage in November 2020.

Activities and data gathering at the laboratory or data management center:

NOTE:

Review findings of recent PE audit reports and discuss these findings, corrective actions, and data flagging
with the data management and validation staff. Make notes of site ID, dates, and times so that we can look
at the flags in AirNow and AQS.

The last audit was performed by EEMS on August 19, 2020 and was found to be satisfactory.

Observe the data validation process using the IMS software and other procedures and software — follow the
SOP to the extent possible. Download electronic data and take screen shots, if possible, of Os, shelter
temp, ambient temp, flow, BP, RH, and other data that were downloaded or printed during the on-site audit.
Note any deviations from the SOP and discuss. If any validity flags were applied while you were observing
the process, include them as examples to use for the next item.

NOTE: Raw data was received from ARS at the field site for 1-min and 1-hr ozone results for January 1 to
31, 2021, February 7 to 9, 2021, November 8 to 11, 2020 (prior quarter), August 23 to 25, 2020 (within 6
months), and consecutive 5-day period in 2020 (Jan 20-24) centered on the audit date — 2 days before the
audit and 2 days following the audit. Data was placed on a flash drive to check against data placed on AQS.

NOTE:

NOTE:

Ask the data management Staff to identify a few examples where they had to add data flags or
change/invalidate data, as a result of higher-level data validation. Record the reason for the change, and
site IDs, dates and times of the data affected. Example data need not be for the site that had field TSA. If
changes were made to data that had previously been entered into an external database (AIRNow or AQS),
also record the date/time when the change was uploaded to the external database.

This will be completed during the field site audit or when RTI meets with ARS [virtually] for ARS
Ozone Calibration Laboratory (Ft. Collins, CO) and data management review.

Perform other records checking that you would normally do for a TSA. If you encounter any information
that should have resulted in data flags or changes, make a note so that the data changes can be verified later
in AQS.

ZSP checks from 2 days prior to onsite audit (February 7 and 8, and part of February 9, 2021) and

prior month (January 1-31, 2021) were downloaded from the datalogger to a portable hard drive. ZSP
checks were within acceptable limits.
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APPENDIX B

Mammoth Cave National Park
(MAC426)
Site Photos
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APPENDIX C

Data and Data Management Questionnaire



Technical Systems Audits (TSAs) for Ozone
Measurements in the Clean Air Status and Trends
Network (CASTNET) Program

Data Review and Data Management
Technical Systems Audit Form

PRI

INTERNATIONAL

RTI International
3040 Cornwallis Road
Research Triangle Park, NC 27709
Telephone (919) 541-6000
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DATA REVIEW AND DATA MANAGEMENT

Auditee Identification: Air Resource Specialists, Inc. (ARS), Ft. Collins, CO
Location of Audit: Mammoth Cave NP/Mammoth Cave National Park, KY (MAC426. in-

person), ARS Ozone Calibration Laboratory and Data Management in

Fort Collins (performed virtual), CO, and remote communications with

Data Management team

Audit Date: February 9, 2021 (site visit) and email exchanges prior to and after visit

Auditor's name and affiliation: Prakash Doraiswamy (off-site) and Andrew Dart (in-person for site visit),
both from RTI International

PERSONNEL INTERVIEWED:
NAME POSITION PHONE/E-MAIL
Jessica Ward ARS Information Management Center JWard@air-resource.com
(IMC) Manager 970-484-7941
Emily Vanden Hoek ARS (CASTNET) QA Manager Evandenhoek@air-resource.com

970-484-7941

OPERATIONAL AREAS THAT WERE OBSERVED: Auditors discussed the data validation steps with
Jessica and had her walk through the data validation process. The auditors observed the daily checks, the
monthly checks, and the final validation. Jessica showed the stack plots for the ozone data as well as for the
calibration data. The automated data validation converts the data logger codes to flags. On a monthly basis, the
data analyst looks at the automated data validation and determine if the data and the flag look okay and whether
any changes to flags were needed based on site information. The final validation looks at plots of raw data
overlayed with invalidated data to quickly visualize invalidated data. They also do a monthly data review with
the NPS during which they also look at other supporting data such as AirNow, meteorology, etc. The annual
data review examines the time series on a quarterly basis rather than weekly basis.

Auditors discussed the process of a new hire performing the data validation. The new hire reviews SOPs, is
trained by an experience data analyst, observes validation performed by others, next performs the validation
under the supervision of an experienced data analyst and once found to be competent with the process, performs
on their own. New hires are typically assigned simple sites to begin with until they get familiar with the process.

Auditors also discussed about the process for software updates and verifications. As noted in the SOP, the
verification involves using known data to process through the software to ensure correct performance.
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Part 1. Data Management

Response Comments and References
Audit Questions (provided by ARS personnel unless
Y| N|NA otherwise indicated)
A. Data Handling
1. Is there a procedure, description, or a chart See Figure 2-1 in SOP
which shows a complete data sequence from X I IMC DATAVAL F 1.0
point of acquisition to point of submission of
data to EPA?
2. Is there a detailed data flow diagram that
shows the data flow within the reporting X
organization, including inputs and outputs from
the system?
3. Is there a data flow diagram that shows the See Figure 2-1 in SOP
different components of the data management I IMC DATAVAL F 1.0
system?
4. Are procedures for data handling (e.g., data In SOPs
: ; X
reduction, review, etc.) documented?
5. Does any personnel (site operator, field
specialist, data analyst, etc.) have the X
permission/ability to change or alter any of the
data on the collection instrumentation? Has
there been any situation where this was done?
6. Are site operator comments included in any
reports? X
7. How are these comments captured and Site operator comments are entered in the
utilized? digital station logs. They are then collected
and loaded into the database for use in the data
validation process.
8. Are field specialist comments included in any Trip reports, site status log, site station logs
reports? X
9. How are these comments captured and Field specialist comments are included in the
utilized? trip reports, site status logs, and site stations
logs. Each of these items are archived digitally
and are utilized in the data validation process.
10. In what media (e.g., USB drive, compact Automated electronic transfer in ASCII
discs, telemetry) and formats does data arrive at format.
the data processing location?
11. How often are data received at the Every hour of every day.
processing location from the field sites and
laboratory?
12. Is the routine data retrieval process
conducted automatically? X
13. Who is responsible for the conducting the Matt Smith. Data technicians or Wendy Miner
data retrieval? Who is their back-up? (software developer/programmer) are the
back-ups.
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Response Comments and References
Audit Questions (provided by ARS personnel unless
Y | N|NA otherwise indicated)

14. What are the processes if a reporting Automated processes retry several times. If

location cannot transmit data? the issue persists, a site status log is created,
and the issue is tracked until resolved. The site
operator is contacted to help troubleshoot from
the station. Data are retrieved from the
DataView laptop if the issue isn’t resolved
quickly.

15. If part of dataset (i.e. ozone results) is not The entire dataset for the missing hour is

transmitted, is an attempt made to retransmit the retransmitted. Data that were captured

whole dataset or just the missing information? If X previously are not overwritten in the database.

the whole dataset is retransmitted successfully, If filling in data directly from the instrument

does repeated data overwrite already captured only the missing information is retrieved.

data?

16. Is there documentation accompanying the

data regarding any media changes,

transcriptions, or flags which have been placed | X

into the data before data are released to agency

internal data processing?

17. How is data actually entered to the Data are automatically consumed by the

computer system (e.g., computerized database every time a file is collected.

transcription [copy from disk or data transfer

device], manual entry, digitization of strip

charts, or other)?

18. If data is manually entered by a person, is it Data are not manually entered.

checked for transcription errors? Is data doubly X

entered and automatically checked for

comparability?

19. Is Blank-filling done at any point before Missing records are blank-filled automatically

Level 0 Validation? If so, what circumstances X as needed when transferring real-time data. A

would cause this? blank-filled record is just a placeholder until
the data record is collected and loaded.

20. What information/data is contained in:
a. Datalogger
b. Computer with DataView
How often is each queried? Can systems be
controlled remotely?

The logger contains hourly data with flags as
well as 1-minute data for ozone. The
datalogger is queried hourly. The DataView
laptop retrieves its data from the datalogger. It
also stores station logs.
The DataView laptop is queried twice per week
or as needed. Both can be controlled remotely.

21. How frequently are collected and calculated
data stored? Where and how are they stored?

Data are collected and stored every hour. They
are stored in the original ASCII files as well as
in the database.

Additional Comments:
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Audit Questions

Response

Comments and References

Y

N

NA

(provided by ARS personnel unless
otherwise indicated)

B. Hardware and Software D

ocumentation

22. What hardware components are used as part
of the data management system in each step of

the data handling procedure from acquisition to
submission?

HP Workstations

HP Proliant DL380 Genl10 Silver 2.1GHZ
Database Server

ESC 8816, 8832 and 8864 dataloggers
Sierra Wireless GX 450 modems at cell sites
Hughesnet Generation 4 and 5 modems at
satellite sites

23. When were the hardware systems last

The database server was purchased in March

updated? Are these systems under warranty? X 2020 and is under warranty.
24. Is there a review process in place to verify Workstations and database server hardware
the normal operation of the hardware systems are monitored ongoing. We used to check the
(e.g., data logger)? Are there periodic checks / analog inpgts on the dataloggers but have
maintenance of the hardware systems? Would X found this is no longer necessary.
documentation on the most recent semiannual
check of the data acquisition system be available
for review?
25. Please list the documentation for the most Documentation in N:\Project\ ARS\SOP-
important custom software currently in use for new\FINAL\Data Operations\Word docs — not
data processing. Include the original author, for distribution
current revision number and date. Include the MS Windows/VB.Net applications:
required operating system and application (e.g., Datacollection.exe — ARS version
Microsoft Windows, Microsoft Access) 2020.09.17.0920
Dataloading.exe — ARS version 2020.11.18.1
Dataview — ARS version 2.20160622
DvDAS (the data acquisition piece) — ARS
version 2.20201120
26. Does your agency use any AQS Manual? X
27. Does your agency use any AirNow Manual? | X

28. If yes, list the title of manual used including
the version number and date published for AQS
and AirNow.

https://www.epa.gov/aqs
AIRNow-I AQCSYV Format Specifications
Document Version 3.0

29. What is (are) the current Operating
System(s) used on computers in the Network?

MS Windows 10 Pro, Oracle Linux 7.8

30. Are there any software incompatibilities
which require human transcription/transfers of
datasets to achieve final reported data? If so,
which process in the chain requires human
intervention?

31. How often are software updates/changes
made and by whom?

Workstation and Network software
updates/changes are ongoing and are managed
by the IT department.
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Response Comments and References
Audit Questions (provided by ARS personnel unless
Y | N|NA otherwise indicated)

32. What determines the need for the changes? A variety of things such as a new ozone
standard (requires new report products be
created based on the new rules), the clients
need for new report products, changing
technology needs, etc.

33. How thoroughly are internal programs Betsy Davis-Noland is the database manager

tested, and by whom? and the ARS software development team

revises and updates the software. They use the
SOP Tracking Changes and Updates to ARD
Developed Database Software (Version 0,
IT_AQDB Updates 20160ct F 1.0).
Workstation patches and updates are ongoing
and applied as recommended by vendors. They
are initially released to a test group of users to
allow for testing of internal commercial and
custom software before being released to all
workstations.

34. Have there been any recent upgrades since Oracle Database was upgraded from 12c to

20177 19¢ and the database server OS was
upgraded from Oracle Linux 6.7 to Oracle
Linux 7.8.in April 2020.

35. Are procedures in place to protect data and Disaster recovery procedures are detailed in

minimize downtime in the event of a significant “ARS Computer System Disaster Recovery

computer problem, power outage, etc. at the X 202008” (Provided in separate attachment)
datacenter? Cite documentation that describes

contingency planning applicable to this

program.

36. Has data processing software been tested to Software is constantly being utilized in

ensure its performance? (See QA Handbook, production; automatic processes running 24x7

Volume II, Section 14.0.) Are any previous test and manual processes during normal business

results available? hours. Database performance, network, and

X process monitoring software are in place to
alert the IT department via text message and
email whenever automatic processes fail and
if metric thresholds are exceeded.
Data output products are compared to AQS
products and reviewed annually for accuracy.

37. What software packages (if any) are used to Multiple products that were developed and are

automatically review the data? maintained in house. AQDBMS and Stackwin

are the primary tools.

38. Does any software package have the X Raw data are never changed.

capability of automatically changing the data?

39. Does any software package have the Logger flags are used by the database to

capability to automatically assign validation determine the appropriate validation code

flags? Can the flags be changed if they are X (which is applied in a separate field). The data
assigned in error? analyst has the ability to change any flag that
is assigned in error.
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Response Comments and References
Audit Questions (provided by ARS personnel unless
Y | N|NA otherwise indicated)
40. Is there a unique log-in into programs where The primary data source is the AQDBMS.
data can be changed? Who has access to make X Only IMC staff have access to this database.
the changes? Raw values are never changed.
41. Who has the technical expertise to make The database administrator (Betsy Davis-
changes to the Oracle database? AQDBMS Noland) and the data manager (Jessica Ward).
database?
42. Is data automatically sorted into defined Data review would reveal if data were
tables after transmission? Is this process QC incorporated into the wrong location because
checked to ensure data is incorporated into the X all plots that are used for data review are
correct location? configured to retrieve data from a specific
location.

43. Is software capable of disseminating The only user intervention needed would be to
multiple units (ppb/ppm, °C/°F, etc.) and X select the units desired when exporting data if
correcting values automatically? Is user non-standard units are desired.
intervention ever needed?
44. Does the agency have information on X In addition, precision and accuracy data are
reporting precision and accuracy data available? reported to AQS.

Additional Comments:

C. Data Validation and Correction

45. Who performs the different levels (levels 0-
3) of data review/validation? List their
educational background/ qualifications and
years of experience performing this specific
task.

Data technicians/analysts and IMC team lead.
(Resumes provided in separate attachment.)

46. Who approves the different levels (Ievels 0-
3) of data validation? List their educational
background/ qualifications and years of
experience performing this specific task.

Jessica Ward (data manager)
(Resume provided in separate attachment.)

47. Is the validation criteria established and

QAPPs and SOPs

documented? X

48. Does the ozone instrument provide a direct This readout isn’t dir?CﬂY comparable to.the
readout on the screen? Is there a check of the value on the logger since the logger a?pphes a
instrument readout to the data from the data X correction factor. The analog output is

logger as part of the data validation steps? If so,
at what level of data validation is this
performed?

compared to the logger during the field
calibration visits.

49. What is the time resolution at which data is
collected?

Hourly and 1-minute for ozone, hourly for
meteorological parameters.

50. Is it recorded in the instrument and if so at
what time resolution?

Hourly and 1-minute.
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Response Comments and References
Audit Questions (provided by ARS personnel unless
Y | N|NA otherwise indicated)
51. At what time resolution is it recorded in the Hourly and 1-minute for ozone, hourly for
datalogger? meteorological parameters.
52. What is the minimum number of individual 75% of the minutes for each hour
points to obtain a suitable hourly average for
reporting?
53. Does documentation exist on the QAPPs and SOPs
identification and applicability of flags (i.e. X
identification of suspect values) within the data
as recorded with the data in the computer files?
54. Is there documentation for the data QAPPs and SOPs
validation criteria including limits for values
S X
such as flowrates, calibration results, or range
tests for ambient measurements?
55. What actions are taken if data is found Each instance is thoroughly investigated, and
outside limits in the validation process (e.g., data are invalidated where warranted using the
flags, modifications, deletions, etc.)? appropriate code.
56. Please provide an example of actions taken Grand Canyon ozone data were invalidated
when limits were exceeded. from 11/10/20 — 11/12/20 because the 1-point
QC check that ran on 11/11/20 was out by
-7.2%.
57. Can data be changed after submission to Data are uploaded to AQS monthly per project
AQS? requirements. If data are invalidated after the
fact based on annual data review or the results
X of semi-annual maintenance visits, these
updates must be reflected in AQS. The DB
logs when changes are made to data after
monthly data validation.
58. Please describe documentation procedures The database automatically tracks changes
for changes made to data already submitted to made to data after data have been marked as
AQS. final. In addition, the person making changes
logs the change in the data corrections
spreadsheet.
59. Who has signature authority for approving The data manager and the IMC team lead. The
corrections? Do the same personnel have same personnel can update the data in AQS.
authority for updating submitted data to AQS?
60. Are data points ever deleted? What criteria Raw data are never deleted and/or altered.
are used to determine if a data point should be X
deleted? When in the validation process is this
determined?
61. Are data points ever reprocessed? What
criteria are used to determine if a data point X
should be reprocessed? When in the validation
process is this determined?
62. Are changes to site information/coding/file Database report logs any changes to data that
structures/units documented in AQDBMS? Are | X occur after final validation.
there any records available for review?
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Response Comments and References
Audit Questions (provided by ARS personnel unless
Y | N|NA otherwise indicated)
63. In the past year, were there any instances of There was a short power outage on November
power loss at the MAC426 site? Please identify 9, however all instruments were powered off
relevant dates if applicable. In such events, did until November 10 when the site operator
the data have to be corrected? cycled the outlets on the webswitch. Data
during this time were not recoverable.
64. Who is responsible for determining when The QA department reviews semi-annual
the data review steps are within DQO goals and calibration results. Results are provided to the
can be sent on to data validation processes? IMC and used in conjunction with nightly
precision checks to assess if data meet
established DQO goals. Monthly validation is
performed by IMC staff and reviewed by the
IMC Team Leader and/or Data Manager
during additional validation review.
65. How many data review steps are performed 5 in total; Level 0, preliminary, 3™ level, final
when reviewing ozone data? review/plot review, and annual data review.
66. Are other data (meteorological) reviewed as
well? Does it go through the same review steps? X
67. Who is responsible for each step of the data The IMC shares responsibility for levels 0
validation? Is there one person assigned to each through 3™ level (although the same person
of the three levels of validation, or is one person may not perform preliminary and 3" level for
responsible for multiple levels? any given site/month). The data manager is
responsible for final review and annual data
review.
Auditor: No single person is assigned to a
specific site and/or the three levels of
validation.
68. Are any QC checks done to ensure that Automated programming routines verify that
transferred data is accurate? X data in the database match values reported
from the datalogger.
69. Are any components of the data other than Plots are automatically generated by software
the ASCII files reviewed regularly (i.e. strip X and reviewed daily and monthly by staff.
charts, ZSP, calibrations)? Are these performed These include hourly data, 1-minute data, and
by software, staff, or both? nightly calibrations.
70. Are there any typical post-processing
calculations done to any of the data (STP X
corrections, modifications for humidity levels,
etc.)?
71. If a data correction is performed, how is this Adjustments to data are documented in the
documented? Is there a table of the allowable data validation log for that site/month and also
times where this is correction is used? Who has are documented within the data record itself in
authority to approve these corrections? the adjust field. The data manager has the
authority to approve these corrections.
72. What is the minimal amount of minutes of 75% of the minutes. There are no back-to-
collected data are needed to report an hourly back minimum requirements, but in general a
point? Are there any requirements excluding few hours surrounded by many hours of
two back-to-back minimal collections? invalid data will be invalidated as well.
73. Could a 30 minute block of missing time A missing 30 minute block of time could
still produce no missed data points? X produce no missed data points if that 30
minute period was split evenly across 2 hours.

C-10




Response Comments and References
Audit Questions v I N NA (provided by ARS personnel unless
otherwise indicated)

74. Examine a few recent examples of actions Great Smoky Look Rock ozone data on

that were taken when data had to be flagged: 11/3/20, 0900 was flagged <D by the logger

e Please provide an example of software and the software. The validation process
flagging and validation flagging (2 records - coded this hour as invalid with a MT flag.
does not need to be for the same time period)

e Identify the flagging criteria and SOP or Rocky Mountain ozone data on 11/24/20,
other document where these are defined 1100 was flagged <C by the logger and the

e RTI will examine the AQS and/or the software. The validation process coded this
CASTNET website database to verify that hour as invalid with a ZS flag.
the data records were appropriately flagged.

75. Are there any instances where a non-

documented database or program would be used X

in the validation process?

76. Is any original/raw data over-written if it is X

altered?

77. If a change to a data point needs to be made

prior to submission to AQS (and other reporting X

databases), are any records of the original point

maintained?

78. What does “blank-filling” missing data Blank-filling is a place holder to fill in a

entail? Are these values updated after Level 0 missing record. All values are updated during

validation? preliminary validation.

79. Does blank-filling entail entering a -999 The value is removed if the missing record is

value? At what point (if ever) is the value X later recovered.

removed prior to reporting? What is it replaced

with?

80. Is there a list of validation codes? X

81. Are data flags (anomaly screening, X Null data codes (invalidation codes) are

datalogger, etc.) reported to AQS? reported to AQS.

82. Are comments from data validating X

incorporated into flags?

83. Are these reported to AQS? X

84. Is invalid data ever changed to valid during If it was determined the data should not have

final validation? X been invalidated it will be changed to valid

during final validation review.

85. Are there copies of the monthly validation Stackplots, Site Station Log, DataView Log,

checklist available for review? Are the monthly Power Failure Log, Data Validation Log.
L . . . X

validation checklists maintained electronically

anywhere?

86. How are “expected” values/limits defined? In tables.

87. Are there any additional data post- A final review of data occurs between 3™ level

processing steps (after Level 3 validation) X validation and data reporting.

before reporting?

88. If a request is received for high resolution It depends on whether or not it’s within our

data traces, is it QC checked prior to submission contract with the NPS to validate 1-minute

to the requestor? Does it go through the same data. If yes than it goes through the same

review process, or is it presented as is with a review process, if no it’s delivered as raw

disclaimer? data.




Audit Questions

Response

Y

N

NA

Comments and References
(provided by ARS personnel unless
otherwise indicated)

Additional Comments:

D. Data Processing

89. Are regular data summary reports issued by Monthly and annual data reports are prepared

the organization? Please attach a list of reports and sent to site operators and park

routinely generated, including title, distribution, | X superintendents.

and period covered. Provide a citation to project

documentation

90. How often are data submitted to AQS and Data are submitted to AQS on a monthly basis

the NPS website? approximately 60 days following the end of the
period for which the data is being reported. The
NPS request web site (https://ard-request.air-
resource.com/) is a live link to the database, so
data are available there as soon as they are
validated. Raw data are available hourly.

91. Has there been any recent difficulties in

coding and submitting data following AQS X

guidelines?

92. Are hard copy printouts requested after

submission to AQS? X

93. What is the contractual requirement for Hard copy records are required to be kept for

maintaining and archiving records? Are records 5 years. All records are archived electronically

maintained for that long by the organization in X and stored indefinitely.

an orderly, accessible form?

94. If records are kept, do they include raw data,

calculation, QC data, reviewed data, and X

reports? If no, please comment.

95. Are concentrations of ozone corrected to This is done by the ozone analyzer.

EPA standard temperature and pressure before X

input into AQS?

96. Are audits (internal or external) on data

reduction procedures performed on a routine X

basis?

97. If audits on data reduction are performed, Annually or any time there is a systematic

what is their frequency? change.

98. Are data precision and accuracy checked Data submissions for less than a month may

each time they are calculated, recorded, or X occur when changes are made to data after it’s

transcribed to ensure that incorrect values are been submitted to AQS.

not submitted to EPA?

99. Are partial monthly reports ever submitted X

to AQS?

100. Does the AQS report come directly from X

AQDBMS database?
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https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Flinkprotect.cudasvc.com%2Furl%3Fa%3Dhttps%253a%252f%252fard-request.air-resource.com%252f%26c%3DE%2C1%2CTCmmICiLr9cRnzS03eenqotEOUHiNPlwyf1WdYWjTd5GgR-LBfQZvWUuhjn6yipOX6iUM1WYAn0o5A_nINlz4DTJTnfAju7csNjtbsHTYQ76w3o2EQ%2C%2C%26typo%3D1&data=04%7C01%7Cpdoraiswamy%40rti.org%7Cd3fe8bc283fd4cd85df108d8d815d900%7C2ffc2ede4d4449948082487341fa43fb%7C0%7C0%7C637496935660942978%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Sn5xSl3DZTtayJevaz2V1TQwNw2u7hQu8L7PLQmsW1U%3D&reserved=0
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Flinkprotect.cudasvc.com%2Furl%3Fa%3Dhttps%253a%252f%252fard-request.air-resource.com%252f%26c%3DE%2C1%2CTCmmICiLr9cRnzS03eenqotEOUHiNPlwyf1WdYWjTd5GgR-LBfQZvWUuhjn6yipOX6iUM1WYAn0o5A_nINlz4DTJTnfAju7csNjtbsHTYQ76w3o2EQ%2C%2C%26typo%3D1&data=04%7C01%7Cpdoraiswamy%40rti.org%7Cd3fe8bc283fd4cd85df108d8d815d900%7C2ffc2ede4d4449948082487341fa43fb%7C0%7C0%7C637496935660942978%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Sn5xSl3DZTtayJevaz2V1TQwNw2u7hQu8L7PLQmsW1U%3D&reserved=0

Response Comments and References
Audit Questions (provided by ARS personnel unless
Y | N|NA otherwise indicated)
101. Does the AQDBMS database directly The AQDBMS is the primary data source and
supply any other place with data (CASTNET X therefore supplies the data for any and all data
website, AirNow, etc.)? requests or routine data submittals.

Additional Comments:

E. Reporting (Internal and External)

102. Are internal reports prepared and The auditor provides the audit results in a

submitted as a result of the audits (NPAP and repott.

any TSA performed outside of ARS) required X

under 40 CFR 58, Appendix A? List Report

Titles and Frequency.

103. What internal reports are prepared and Precision check results are summarized in the

submitted as a result of precision checks Annual Data Summary Report as well as the

required under 40 CFR 58, Appendix A? (List Annual Performance Summary Report. These

Report Titles and Frequency) checks are also uploaded to AQS every
quarter.

104. Do either the audit or precision check Corrective actions are documented in the

reports include a discussion of corrective actions X database (validation log, site status log) and in

initiated based on audit. the calibration tracking spreadsheet.

105. Who has the responsibility for the The data manager is responsible for the

calculation and preparation of data summaries? preparation and review of the annual data

To whom are such summaries delivered? List summary report. The report is delivered to and

Name, Title, Type of Report, and Recipient(s). reviewed by the NPS ARD. It is then
delivered to site operators, park
superintendents, and EPA regions. Monthly
data summaries are prepared by data
technicians/analysts and is delivered by the
IMC team lead to the NPS ARD and site
operators.

106. Is the data reported to the AQS? AirNow? | Y

107. When was the last annual data summary It was last posted to the GPMP data request

report submitted (40 CFR 58.15(b))? web site on 3/6/2020 and an email announcing
its completion was sent that same day.

108. Was precision and accuracy information X In the supplementary QA summary report.

included?

109. Was location, date, pollution source and Highest concentrations are listed by date and

duration of all episodes reaching significant X pollutant for each site in the network. These

harm levels included? concentrations are then compared to the
NAAQS.

110. Was Data Certification signed by a senior Data certification is signed by Barkley Sive,

officer of your agency? X the head of the GPMP program with NPS
ARD.
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Audit Questions

Response

Y

N

NA

Comments and References
(provided by ARS personnel unless
otherwise indicated)

Additional Comments:
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Part 2. Data Review

Detailed questions and data requests:

Request to see raw data from the MAC426 site for:
1. January 10 and 11, 2021 (within a month),

. November 8 to 11, 2020 (prior quarter),

2

3. August 23 to 25, 2020 (within 6 months), and

4. Consecutive 5-day period in January/February 2020 centered on the calibration date —
2 days before the calibration and 2 days following the calibration.

5. 1-minute data and ZSP checks for February 7 and 8, 2021 (2 days prior to the onsite

audit)
Response Comments and References
Audit Questions v I NI NA (provided by RTI personnel unless otherwise
indicated)

111. Download or print hourly data from Ozone
instrument. Include time and O; ppb data at a
minimum, plus other information such as
ambient temperature, BP, RH, shelter
temperature, flow rate, etc., if available. Include
a zero/span/precision (ZSP) check.

Auditor will compare the data obtained at the
site vs. the data reported in the NPS and
CASTNET websites and AQS. Identify any
discrepancies and follow-up with ARS staff.

ARS: Raw data files can be provided for any
period of time requested. Or data can be
exported from the database. The following
web site will allow you to download raw or
validated data:

https://ard-request.air-resource.com/data.aspx

Auditor: Data were downloaded from NPS,
CASTNET and EPA websites and compared
to the raw data obtained from the above site as
well as those obtained from data logger or
ARS. No discrepancies were found.

112. While on site, for the TSA, the auditor will
record (if possible) 1-min readings up to an hour
of raw ozone data directly from the front panel
of instrument output and compare it to raw data
obtained from ARS.

e Are there any discrepancies in ozone
concentration between the monitor readout
and downloaded or printed data?

o [fany data flags are appended to the data by
the instrument, later trace them to records on
AQS and on the NPS and CASTNET
websites.

Auditor: Data was recorded onsite for 30
minutes. Minor discrepancies were seen
between the reading on the screen and the data
logger. Follow-up with the field technician
Mr. Dave Beichley clarified that it is due to
different averaging times between the front
display (30 seconds averaging) and the data
logger (1 minute).



https://ard-request.air-resource.com/data.aspx

113. Obtain 1-minute data directly from the
instrument or from ARS. Also obtain 1-minute
data and ZSP checks from 2 days prior to the
onsite audit.

Do recalculated hourly averages agree with the
reported hourly data? (The auditor will
calculate data completeness for hourly data that
contains one or more invalidated 1-minute
values and verify any completeness flags that
should have been applied.)

Auditor: Data have been obtained.

Hourly average calculated from the raw 1-min
data for the November 2020 period agreed
with the recorded hourly data for the most
part. The “raw” 1-min data from the NPS
website has 2 to 3 significant digits while the
reported hourly data is truncated to the nearest
ppb. Due to these differences in significant
digits, there were certain instances where the
difference was at most 1 ppb. When using
raw 1-min data from the data logger for
August 2020 period (8 to 9 significant digits),
calculated hourly averages for the August
2020 period showed exact agreement with the
hourly values reported. It must be noted that
ARS does not calculate hourly averages.

They use the hourly average calculated and
reported by the data logger and therefore the
issue of significant digits affecting the hourly
average is not present.

114. While on site, the auditor performing the

TSA should note the time of any interruption in

monitoring data that occur during the TSA. If

any were observed:

e Check that the raw data records reflect the
data gap at the correct time.

¢ Do the correct flags appear in the hourly data
records?

Auditor: No interruptions occurred to the
regular operation due to the audit. The auditor
however verified the raw data to confirm
correct flags were assigned due to the ongoing
calibration activities during the day of the
audit.

115. Have any recent PE audits resulted in data
revisions or reflagging? List site IDs, dates and
times. RTI will compare corresponding data
records on the NPS and CASTNET websites
and in AQS and will determine if the
appropriate changes or flags were applied.

ARS: The ozone analyzer failed the audit at
Sequoia Ash Mountain on October 14, 2015.
The problem was due to a kink in the pump
tubing inside the ozone analyzer. The kink
was fixed by the site operator on 10/20/15.
Ozone data were invalidated from the last
good precision check on 10/7/15 until the kink
was fixed on 10/20/15. The site was re-audited
on 10/30/15 and the analyzer passed with
good results.

This example was used last time as well, but
we haven’t had another failure of a PE audit
since then that resulted in data loss as it’s rare
that a PE audit fails.

116. Auditor will observe the data validation
process with the datalogger and Data View
software and will follow the steps in the SOP.

Were any deviations from the data processing
and validation SOPs observed? Note any
significant deviations that should be reflected in
a revised SOP.

Auditor: Auditor had ARS walk through the
data validation process and observed the
checks and the plots generated and reviewed.
No issues were observed.
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117. Auditor will ask the data management staff
to identify a few examples where they had to
add data flags or change/invalidate data, as a
result of higher-level data validation. Record
the reasons for the changes, site IDs, dates and
times of the data affected. (Example data need
not come from the site that is audited for the
field TSA.) Answer the following questions:

e When higher-level validation identifies new
data flags or other data changes, how are
these sent to the NPS and CASTNET
websites to replace data already posted?

e Have data already in AQS ever had to be
changed or updated? Record the date/time
when the change was uploaded to the external
database. Is the process for making changes to
AQS data documented?

Annual data review revealed wind speed at
Denali had been lower than normal since the
wiring was moved from the mainframe to the
met card during a semi-annual maintenance
visit in May 2019. The data group worked with
the field group and determined the scaling had
been incorrect since then. Data were adjusted to
account for the incorrect scaling from 5/22/19,
1900 — 6/5/20, 1200.

A higher level review revealed the precision
checks that were outside of tolerance at
Shenandoah on 7/24/20 and 7/25/20 were likely
due to a low analyzer response rather than an
inaccurate calibration response as originally
thought. Ozone data were invalidated with PQ
from the last good check on 7/23/20 until the
next good check on 7/26/20.

Changes to data don’t need to be sent to the
GPMP request web site because the site is a
live link to the database. As soon as changes
are made in the database these changes are
available on the web site. Data are re-uploaded
to AQS when changes are made to data after
the initial upload has been completed.

Auditor: During the remote data audit, auditor
had ARS staff walk through the process
demonstrating the data review steps and the
steps taken to correct or update data. Raw data
always remains intact as also seen during the
data audit of the August 2020 time period.

118. Based on the three data sources (ARS raw
data; AQS; CASTNET web site) determine the
following:

e Do all identifiers and flags from the three
sources agree? If not, prepare a table or

crosswalk of discrepancies.
¢ Do hourly concentration averages computed
from 1-minute data sources agree?

e Do hourly averages posted on AQS and the
CASTNET website agree as to both
concentration and time?

Auditor: All validated data agreed perfectly
between the different online systems and the
data from ARS. Flags and identifiers agree.
However, the nature of the flags differ
between the three sources:

e AQS data contains QA flags that
provides the data user with additional
information as to the data quality and
potential causes.

o CASTNET has some flags but is much
more limited. It is more of a data
validation level flag rather a QA flag.

o The NPS dataset does not have any flags
reported. This is a recommendation
made to NPS to consider including
flags in the datasets reported.




119. Review ARS’s validation records for a
past issue. How are outliers identified and
marked invalid by the validation process?

- Was the outlier correctly identified?

- Was the correct data flag applied?

The data group noticed large spikes in the 1-
minute ozone data that were affecting the
hourly averages. The spikes were identified by
reviewing stackplots and the minute trace.
Data were invalidated with IM during the
affected hour.

120. Was anyone contacted (site operator,
auditor, and network service person) to ask
about the outlier? Discuss the general process

of investigating unexplained outliers in the data.

Data validation staff look at information in the
site status log and station log to determine
data discrepancies. An example is the August
2020 period that was initially invalidated by
the automated screening, but later validated by
the staff based on their knowledge of the site
operations and information in the site log.
Reason for change is documented in the data
validation log.

121. For the observed issue, did enough valid
observations remain to compute a valid hourly
average? (RTI will re-compute the hourly

average and compare it to the hourly averages
posted in AQS and on the CASTNET website)

Auditor: Data review showed that the
calculation of hourly averages by the data
logger correctly takes into account the needed
number of 1-min observations. Instances
where less than 45 minutes of valid 1-min data
were available did not have an hourly average
calculated.

Additional Comments:

Data systems appear to be working properly. All validate data agree between the different systems. NPS data does
not have any flag associated with the dataset. It is recommended that flags are added to the datasets reported on the

NPS website.
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APPENDIX D

6-Month Calibration Audit of the
Mammoth Cave National Park (MAC426) Site
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Semiannual Maintenance and Calibration Report
Prepared by Awr Resource Specialists, Inc.

Client: WNational Park Service Field Personnel: Dave Beichley
Site: Houchin Meadows (MACA-HM) Service Date(s): 5/15/2020-5/17/2020
Site Operator: Johnathan Jernigan Subject: Semi-Annmal Maintenance

Al site vistt and calibration forms are attached. detailing the pre- and post-mamtenance calibrations and test
results. Calibration acceptance criteria are defined as the thwesholds at wiich cotrective action is recquired.
Data acceptance criteria are defined as the thwesholds at which the quality of the ambient data is questionable
and may require invalidation This report is not complete without the inchision of the calibration form
worksheets.

SUMMARY OF FINDINGS

GASEOUS POLLUTANT SUPPORT FQUIPMENT

Zero-Air System (Teledyne-API M701H):

Mamntenance - No mamtenance for the pump or compressor was required at this time. The media for the
Zero-air system was not replaced.

Gas Dilution Calibrator (Teledyne-API M7EU):

Maintenance - All mass flow controllers were tested against a certified flow transfer standard. The diluent
mass flow controller was calibrated. The calibration gas mass flow controller was calibrated.

Station Temperature:

Pre-Maintenance Testing - The sensor was compared against a certified temperature transfer standard.
The sensor was found to be responding within calibration acceptance criteria.

Maintenance - No other maintenance was performed.
Post-Maintenance Testing - No pest-maintenance checks were performed.

GASFOUS POLTLUTANT ANATYZFRS

Ozone Analyzer (Thermo 491):

Pre-Maintenance Testing - The ozone analyzer was compared agamst a Level 2 ozone transfer standard.
The ozone analyzer was found to be responding within calibration acceptance criteria.

Maintenance - The cabinet filters were cleaned. The instroment was calibrated at zero and span level.

Post-Maintenance Testing - The czone analyzer was compared against a Level 2 czone transfer standard.
The czone analyzer was found to be responding within calibration acceptance criteria.



Ozone Station Reference (Thermo 494):

Pre-Maintenance Testing - The Level 3 ozone station reference was recertified using a Level 2 ozone
transfer standard. The ozone station reference was found to be responding within calibration acceptance
criteria.

Maintenance - The cabinet filters were cleaned.

Post-Maintenance Testing - The ozone station reference was compared agamst a Level 3 ozone transfer
standard. The ozone station reference was found to be responding within calibration acceptance criteria.

NOy Analyzer (Thermo 42iTL NOvy):

Pre-Maintenance Testing - The analyzer was challenged wsing a gas dilution calibrator and an EPA-
protocol gas cylinder comtaining mitric oxide. The analyzer was confirmed to be responding owtside of
calibration acceptance criteria for nitric oxide. The analyzer was challenged via gas phase titration (GPT)
using a gas dilution calibrator and an EPA-protocol gas cylinder containing nitric oxide. The analyzer was
confirmed to be responding outside of calibration acceptance criteria for nitrogen dioxide The converter
efficiency of the analyzer was confirmed to be responding within acceptance criteria.

Mamtenance - A small leak was discovered and fixed in the analyzer. The by-pass pump was rebuilt. A
new perma-pure dryver was mnstalled. The cabinet filters were cleaned. The analyzer was calibrated at zero
and span level

Post-Maintenance Testing - The analyzer was challenged using a gas dilution calibrator and an EPA-
protocol gas cylinder contaiming nitric oxide The analyzer was confirmed to be responding within
calibration acceptance criteria for nitric oxide. The analyzer was challenged via gas phase titration (GPT)
using a gas dilution calibrator and an EPA-protocol gas cylinder containing nitric oxide. The analyzer was
confirmed to be responding within calibration acceptance criteria for nitrogen dioxide. The converter
efficiency of the analyzer was confirmed to be responding within acceptance critena.

S0; Analyzer (Thermo 43i):

Pre-Maintenance Testing - The analyzer was challenged using a gas dilution calibrator and an EPA-
protocol gas cylinder contaning sulfir dioxide. The analyzer was confirmed to be responding within
calibration acceptance criteria.

Maintenance - The pump was rebuilt and the PMT was adjusted. The instrument was calibrated at zero
and span level

Post-Maintenance Testing - The analyzer was challenged using a gas dilufion calibrator and an EPA-
protocol gas cylinder contaming sulfir dioxide. The analyzer was confirmed to be responding within
calibration acceptance criteria.

CO Analyzer (Thermo 48i):

Pre-Maintenance Testing - The analyzer was challenged using a gas dilution calibrator and an EPA-
protocol gas cylinder containing carbon monoxide. The analyzer was confirmed to be responding within
calibration acceptance criteria.

Mamntenance - Performed the pre-amp board calibration and adjusted the SR ratio. Calibrated the
instroment at zero and span level.

Post-Maintenance Testing - The analyzer was challenged using a gas dilution calibrator and an EPA-
protocol gas cylinder containing carbon monoxide. The analyzer was confirmed to be responding within
calibration acceptance criteria.



METEOROLOGICAL SENSORS

Ambient Temperamre and Vertical Temperature Difference (EM Young 41342VC):
Pre-Mamtenance Testing - The sensor was compared against a certified temperature transfer standard in
three water baths controlled at temperatures between 0 and 50 degrees Celsins. The sensor was confirmed
to be responding within calibration acceptance criteria. The aspirator fan was fonctioning comrectly.
Maintenance - No other maintenance was performed.

Post-Maintenance Testing - No post-maintenance checks were performed.

Relative Humidity (Rotronic MP&01):

Pre-Maintenance Testing - The sensor was collocated with a certified relative humidity transfer standard.
The sensor was confirmed to be responding within calibration acceptance criteria. The aspirator fan was
functiomng correctly.

Maintenance - A newly serviced semsor was installed.

Post-Maintenance Testing - The sensor was collocated with a certified relative unidity transfer standard.
The sensor was confinmed to be responding within calibration acceptance criteria.

Wind Speed (Climatronics 100075):
Pre-Maintenance Testing - The sensor was challenged with a certified anemometer drive. The sensor was

confirmed to be responding within caliteation acceptance criteria. The starting threshold test for the
sensor was within acceptance criteria. The heater for the sensor was found to be functiomng correctly.

Maintenance - A newly serviced semsor was installed.

Post-Maintenance Testing - The sensor was challenged with a certified anemometer drive. The sensor was
confirmed to be responding within calibration acceptance criteria. The starting threshold test for the
sensor was within acceptance criteria. The heater for the sensor was functioning correctly.

Wind Direction (Climatronics 100076):

Pre-Mamtenance Testing - The reference alignment for the sensor was checked vsing a comypass. The
reference alignment for the sensor was confirmed to be within acceptable limuts. The accuracy of the
sensor was tested by comparison to a reference. The sensor was confirmed to be respending within
calibration acceptance criteria. The linearity of the semsor was within acceptable limits. The starting

threshold test results were within acceptance criteria. The heater for the sensor was confirmed to be
functioming correctly.

Maintenance - A newly serviced semsor was installed.

Post-Maintenance Testing - The reference aligmment for the sensor was checlked using a compass. The
reference alignment for the senser was confirmed to be within acceptable limuts. The accuracy of the
sensor was tested by comparison to a reference. The sensor was confirmed to be respending within
calibration acceptance criteria. The linearity of the sensor was within acceptable limits. The starting
threshold test for the sensor was within acceptance criteria. The heater for the sensor was functioning
correctly.



Barometric Pressure (RM Young 61202):

Pre-Mamtenance Testing - The sensor was challenged by a certified barometric pressure transfer standard,
The sensor was confirmed to be responding within calibration acceptance criteria.

Maintenance - No other maintenance was performed.
Post-Maintenance Testing - No post-maintenance checlks were performed.

Solar Radiation (Li-Cor Pyranometer):

Pre-Maintenance Testing - The sensor was collocated with a certified solar radiation transfer standard.
The sensor was confirmed to be responding outside of calibration acceptance criteria.  The sensor was
found to be level and clean.

Maintepance - A new sensor was installed.

Post-Maintenance Testing - The sensor was collocated with a certified solar radiation transfer standard.
The sensor was confirmed to be responding within calibration acceptance criteria.

Precipitation {Climatronics 100508):

Pre-Mantenance Testing - The sensor was challenged using a Imown velume of water. The sensor was
found respoending withun calibration acceptance eriteria. The sensor was found to be level and clean. The
heater was found to be fonctional.

Maintenance - No other maintenance was performed.
Post-Maintenance Testing - No post-maintenance checlks were performed.

PARTICTULATE MONTORS AND SAMPLERS

CASTNET Filter Pack Flow:

Pre-Mantenance Testing - A leak check on the system was performed and resnlts were within acceptable
limits. The flow was checked nsing a certified flow standard measunng flow m standard conditions. The
measured flow was found to be within calibration acceptance criteria.

Maintenance - The pump was rebuilt.

Post-Maintenance Testing - The flow was checked vsing a certified flow standard measuring flow in
standard conditions. The measwred flow was confirmed to be within calibration acceptance criteria.

D-5



Aijr Resource TEMPERATURE !/ VERTICAL TEMPERATURE DIFFERENCE
n SPECIALISTS SYSTEM VERIFICATION & CALIBRATION

AEER. | MACATM |
CLIENT Mational Park Esrvios FELD BPECIALIST | Duwu Buichiey | DATE | =m0 |
ATE HARE | C:awe NF - Houohin | | DaTE oF LasT wizm | 11esm0ds |
MODEL [ =Ema wumeEm | ExemaTion Cate |
4400 | FIEZAT | I

List sensors 1

according to Manufaciurar
hislght on Iﬂm

fower, from |Serlal Mumbsr
highsast fo

DATA ACCEPTANCE CRITERIA (<=} |

Ambient Temper stere Diferencs (“C) 10
‘Wertical Temperstore Difterence (0| [
A 0 i Jm Temparashars
Temp DAE Diffsrenos
[ 044 | 0.35 | PASS

23658 7356 | 0.97 |Pass
35.00 4551 | 005 | PASS
[WAX AES Diffsrence | 0.35 | FLss

[MEX AES Diference

| Each senscs wis varified againt i data chasnsl ¢ |
F; 18 kL
Esch Tamesrativn DifTasusss = as Lo 7
" ’i &

T
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Air Resource

STATION TEMPERATURE SENSOR

SPECIALISTS VERIFICATION & CALIBRATION
ABER. | MACA-HM |
CLIENT Mational Park Service l FIELD SPECIALIST | Dawe Beichley DATE SM52020
SITE NAME Mammoth Cave NP - Houchin Meadow DATE OF LAST VISIT 11/5/2013
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
Temperature Reference Eutechnics 4400 308287 9182020
CALIBRATION ACCEPTANCE CRITERIA {==)
Temperature Difference (°C) | 1.0
AS FOUND Temperature AS LEFT Temperature
Reference [°C) DAS (°C) Difference Reference ("C) DAS {"C) Difference
25.14 25.57 0.4 | PASS
2588 2595 0.1 | PASS
26.20 26.35 0.2 | PASS
MOTES
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Air Resource RELATIVE HUMIDITY SENSOR VERIFICATION &

. SRPECIALISTS CALIBRATION
ABBR. | maca-Hm |
CLIENT Mational Park Service ] FIELD SPECIALIST | Dave Beichley DATE S5M152020
SITE NAME Mammoth Cawve NP - Houchin Meadow DATE OF LAST VISIT 111512015
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
| RH SENSOR REFERENCE Rotronic HC253 200395891 111372020
Manufacturer Rotronic Manufacturer Rotronics
Model MPE01A Maodel MPEO1A
Serial Number B7259 Serial Number 52068
DATA ACCEPTANCE CRITERIA [<=)
Relative Humidity Difference (%) | 10%
Relative Humidity (%) A Relative Humidity (%)
Hour STD DAS Difference W Hour STD DAS Difference W
400 95.2% | 94 8% | -0.4% | PASS 1000 B0.6% | 63.5% | 3.0% | PASS
500 96.1% | 94 8% | -1.3% | PASS 1100 59.3% | 58.8% | -0.4% | PASS
E00 B7.8% | 852% | -2.6% | PASS 1200 54.0% | 56.2% | 2.2% | PASS
700 74 6% | 66.8% | -7.8% | PASS 1300 54.0% | 54.1% | 0.1% | PASS
BOO 71.1% | 63.1% | -B.0% | PASS 1400 50.3% | 4B.0% | -2.3% | PASS
Average -4.0% | PASS Average 0.5% | PASS

| Aspirator fan functional?  [I.7 ves [ Ho | ny

INGTES:




Air Resource BAROMETRIC PRESSURE SENSOR VERIFICATION &

S SPECIALISTS CALIBRATION
ABER. | MacA-HM |
CLIENT National Park Service I FIELD SPECIALIST | Dave Beichley DATE 5152020
SITE MNAME Mammaoth Cave NP - Houchin Meadow DATE OF LAST VISIT 11/5:2019
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE
l Barometric Pressure Reference Druck DPITOS 70573705 Br2212020
Manufacturer RM Young Manufacturer
Model 61202V Model
Serial NHumber BPOE203 Serial Number

DATA ACCEPTANCE CRITERIA (==)
Pressure Difference (mmHg) ] 3.00

Barometric Pressure AS LEFT Barometric Pressure
Reference {(mmHg) DAS immHg) Difference Reference (mmHg) DAS {mmHg) Difference
7432 7437 0.5 [ PASS 1

Commeon Pressure Conversions
Value Units | mmHg | mmHg | Value units
1.000 atm 76000 | 780.00 | 1.000 atm

20.28 inHg | 743.74 20.02 inHg
1013.2 mb T60.00 1013.2 mb
1013.2 hPa T60.00 1013.2 hPa
14.70 psi 760.00 14.70 psi

IHGTES
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Air Resource

w SPEC

ALISTS

WIND SPEED SENSOR VERIFICATION & CALIBRATION

ABBR. | MACA-HM |
CLIENT Mational Park Service | FIELD SPECIALIST | Dave Beichley DATE 5/15/2020
SITE NAME Mammaoth Cave NP - Houchin Meadow DATE OF LAST VISIT 111572013
MANUFACTURER MODEL SERLAL NUMBER EXPIRATION DATE
Wind Speed Reference RM Young 188204 CA 03355 G20/2020
Wind Speed Torgue Gauge RM Young 18310
ssFoUND_ | AS LEFT
Manufacturer and| Climatronics - 100075 / Manufacturer and| Climatronics - 100075 /
Model Heavy Duty Aluminum Maodel Heavy Duty Aluminum
Sensor Serial # 1071 Sensor Serial # 3414
Cups Serial # 2341 Cups Serial # 2341
DATA ACCEPTANCE CRITERIA (==} |
Wind Speed Difference (mis) 025  |if wind speed <= 5 m/s | SelectUNITS | mis |
Wind Speed Difference (%) 5.0% |if wind speed = 2 m/s
Wind Speed
Motor Speed {rpm) Target Speed DAS Difference Starting Threshold TORGUE
[1] 0.000 0224 [N MNiA MFA Tonque <= 0.3 gem 0.3
300 7274 7274 0.0% | PASS MO ACTION
600 14325 14.320 0.0% | PASS REQUIRED
900 21375 21.800 20% | PASS
1200 284726 28430 0.0% | PASS
1800 42527 42580 0.1% [ PASS
PASS
| Heater sleeve functional? |/ | ve=| | N [ | N&]
AS LEFT Wind Speed
Motor Speed {rpm) Target Speed DAS Difference Starting Threshold TORGUE
[1] 0.000 0.224 MiA NiA MIA Tonque <= 0.3 gem 0.3
300 7.274 7274 0.0% | PASS MO ACTION
600 14325 14.320 0.0% | PASS REQUIRED
900 21375 21.360 0.1% | PASS
1200 28 426 28.430 0.0% | PASS
1800 42527 42530 0.0% | PASS
PASS

INDTEE




@ Alr RESOUICe iy pIRECTION SENSOR VERIFICATION & CALIBRATION

ABBR. | MACA-HM

Hational Park Service FIELD SPECIALIST | Dava Saichl OATE 55200
SITE HAME | Massimioth Cave WP - Houchin Maadow DATE OF LABT VST | 11/S2040
MANUT AL TURLR. WICEL SERIAL HUMBER | EXMRATION DATE
Dirwctizn Mlgnrmn! Seterims Erunion EOOGLM EOG030B8265
Dirscion Linsafty Befersece | Wison Machimery B point d=c 31
Dimeciion Tomus Gavgs RN Young 18310 [
Manartscturar & | ¢ oeronics - 100076 Wamutsetursr & | oy aironics - 100076
Modal Modal
Bencor Serlal# 22288 Zencor ferlal # 1735
‘Vans Jarisl 3545 Lerisl # 3545
Local W Declineon [dageea)] =0 [, D Trom NORS (Seg i ||
Solar Azimuth [ —————
Lansmarks | Degwen
ACCEPTANCE CRITERIA (=) From fe Rorh []
Croaa-arm Emar 2 Froim thi Eouth 180
Tolsl Align. DI idegreas| [OATA) 5 From the Easi (5]
Sarwcr 5 [Froim thes Wil 270
T imnded i ba beli| WES s Tafurenze. Infancied s b YES
Forterer ou Blignert jdeg weal 0l | PASE | Fmbarence Allgnmen  degrema] 03 | PASS |
SENIDR ALICHMENT ZENZOHA ALIGNMENT
H-8 Bwlrence |Degies] DAE Differinci -8 Aeterance | Dagieid DAL [ ]
Forom thas Marih a ig 18 Frosn e Morth 1] 18 18
Fromm e Bouihi | 150 | 4833 33 From the Beuth | 180 | 1838 38
From e Easi a0 228 2§ From ihe Easi @0 EE s
Fromifha'test | 270 | 3733 33 From the'West | 270 | 208 s

Tolsl merd MAX, ABE OIff | 33 | PASE

From the Moriy L]
Fioam e Bouthi | 880
[Pz e Bt [5]
From the 'West | 270

DAS
1 B2.0 HIA, 1 118.6 HiA
2 136.5 o FA3E 2 164.8 a PALE
3 171 -1 FA3E 3 209.4 a PAZE
4 2153 -1 FA3E 4 =4.7 a PAZE
E 250.9 o FAZE 5 0.2 1 PAEE
B 305.2 o FA3E B 3453 a PALE
T 350.5 (] FA3E T 28.5 -2 PAZE
B 33.4 =2 PASE B 733 a PARE
1 79.9 1 FA3E 1 119.1 a PALE
MAX DIffarenos 2 MAY DiTamnos 2
N3 RCTHON WO ACTION
REQUARED RECURED
Threshok TOROUE
Torges v= &0 gy £0
WO AE TION
REQUIRED REGUARED
[ Haatsr cleswe it 7 Walws [lse [lwis |




Air Resource SOLAR RADIATION SENSOR VERIFICATION &

SPECIALISTS CALIBRATION
ABBR. | MACA-HM |
CLIENT Mational Park Service | FIELD SPECIALIST | Dave Beichley DATE 5152020
SITE NAME Mammoth Cawve MP - Houchin Meadow DATE OF LAST VISIT 11/5/201%
MANUFACTURER MODEL SERIAL NUMBER EXPIRATION DATE | MULTIPLIER
|  Solar Radiation Reference C5l Pyranometer GEG94 8202020
AS FOUND AS LEFT
|Hanufacturer Apagee Manufacturer Apoges
IModel SP-110 Model CS5301
Serial Number 62292 Serial Number 328530
Translator MA Translator
Logger Type High Input (V) 1.0000 Logger Type High Input (V) 1.0000
ESC Low Input (V) 0.0000 ESC Low Input (V) 0.0000
High Output | S000.0000 High Qutput | S000.0000
Low Output 00000 Low Output 0.0000
CALIBRATION ACCEPTANCE CRITERIA {==) DATA ACCEPTANCE CRITERIA (==}
Difference from CTS (%) | 5% Difference from CT5 (%) [ 10%
AS FOUND Solar Radiation
Hour CTS (Wim") | DAS (Wim*) | Difference i
SO0 62.19 59 -5.30% DAS [Wim®)
600 199 185 T.2% |DARK RESPONSE 0
700 365.5 332 -01%
800 512 475 ST
900 3205 31 -5.6%
MEAN AES % DIFF 6.9%

| Sensorfoundcleanz [ [+] Ve[ [ Mo
A

| Sensor found level? Jlo) ves[ | mol
Solar Radiation
Hour CTS (Wim") | DAS (Wim’) |Difference W
1130 914 934 2.2% DAS (Wim®)
1145 1038 1061 2.3% IDARK RESPOMNSE| 0
1200 980 1000 2.0%
1215 549 G566 2.0%
1230 476 486 2.1%
MEAN ABS % DIFF 2.1% PASS

MOTES]A new sensor was installed.




Air Resource

M pEsouree CASTNET INLET VENT AND PRESSURE VALUES
ABBR. | MACA-HM |

CLIENT National Park Service I FIELD SPECIALIST | Dave Beichley DATE 5/15/2020
SITE MAME Mammoth Cave NP - Houchin Meadow

DATE OF LAST VISIT 11572019

| Flow Reference Type | BIOS |
MANUFACTURER MODEL SERIAL NUMEBER EXPIRATION DATE
{ Flow Reference BIOS Definer 220H 122997 B/18/2020
OZOME VENT FLOW LPM | OZONATOR REGULATOR PRESSURE |
‘Without LEVEL 2 transfer standard attached 2.0+ 24.0 psi
With LEVEL 2 transfer standard attached 1.40

1. All fiow measurements should be recorded in velemetric or actual conditions.
2. Flow measuring device must be removed during ozone challenges

SAMPLE PRESSURES

Analyzer Station Ref.
During am bient sampling T731.50
During PSZ check 731.50
During pre-maintenance checks 73150

1. Duwring ambient sampling, the station reference sample pump must be off and the Level 2 transfer must not be pneumnatically connected.
1. During PSZ checks, the Level 2 transfer must not be pneumatizally connected.

D-13



Air Resource OZONE ANALYZER VERIFICATION & CALIBRATION

ihk: SPECIALISTS {AS FOUND)
ZeeR. | MAcATM ]
CLIENT MNational Park Service | FIELD SPECIALIST | Dave Ssichiey DATE S50
SITE HAME Mammaoth Cave NP - Houchin Meadow DATE OF LAST VISIT 11r52013
[ Asfoum
TRANSFER STANDARD AMBIENT ANALYZER STATION REFERENCE
Manufacturer Thermo Manufacturer Themo Manufacturer Themo
Model 48i Model 49 Model 43
Serial Number 1130450187 Serial Number 1030745085 Serial Number 1015543061
CosMclent 1 CoafMclent EEE CosfMclent 1
Background ] Background -1 Background a
Cell & Infrestty [Hz) 100450 Call A Intsnalty [Hz) 101508 Call A Imtensity [Hz) 76547
Call B Intanalty (Hz] BE070 Cell B Intensity [Hz) 108218 Call B Intenstty (Hz) BETT4
Flow A fipm) 0.726 Fiow A fipmj AT Flow & {Ipmy) 740
Flow B fipm) 0771 Flow B (Ipmy 783 Flow B (Ipmj) J18
[Pressurs (mmHg) 7422 PPrassure (mmkig) 731.2 Preasure (mimig) 763.5
Bench Temp [*C) 261 Bench Tamp (°C) 4.1 Bench Temp (°C) 207
Sanch Lamp Temp [°C) 531 Banch Lamg Tamp [°C) £3.9 Bench Lamp Temp [*C) 544
Gzone Lamp Tamp [°C) B7.1 Cwona Lamp Temp [°C) BB.2 Ozons Lamp Temp [°C) na
(zone Sourcs Omong Sourss
Transfer Standand Lavel LEVEL 2 Full Seals (ppb) 250 Tranafer Standard Level LEVEL 3
Logger Slops Comaotion 1.0034
Transfer Standard SLOPE | INT Logger Inferoept Comeotion -0.0578
Comaction Factomns: ozssr | suem
— CALIBRATION ACCEPTANCE CRITERIA (=) | [ DATAACCEPTANCE CRITERIA (= |
Misan Absoiuts DIfferencs (%) 3% Mean Absnlute DIMerencs (%) 10%:
Maximum Absoluts Diffsrence (%) 3% Maximum Absolute Differsnce (36 10%:
LedPe | TRANSFER STANDARD AMBIENT ANALYZER STATION REFEREMCE
POINT |TARGET] o mv Display Cmmectad DAS DT SO | LMEARS DAS Dy WO | LMEARS
ZERD 1] b -1.5 =14 -0.3 1.1 A -0.3% -0.5 09 MR 0.2%
1 200 8.2 204.5 HS.E 205 3.7 1.8% -0.3% 207.7 1.9 0% O0.1%
2 150 20.5 111.7 1124 113.3 0.9 0.8% 04% 113.5 1.1 1.0°% 0%
3 100 18 81.2 8138 82.7 0.9 1.1% 02% 824 0& 0E% 01%
4 7o 16 578 SE2 591 0.8 1.4% 1% 58.5 03 05% 0.2%
= S0 13.3 31.15 31.4 32.1 0.7 22% D% 1.8 [#E] 1.56% 0%
ZERD a b a 0.4 0.3 02 A D% 0.2 o1 MR 0%
Wean AB5 %DM | 1.5% | PA55 | Mean ABS %DIT | 1.0% | Phss
Max AR5 % DIT 2% PASS Ietax ABS % DT 1.6% PASS
Slops 1.013 Slops 1.007
¥-intarcept 0.25 ¥-Intarcept 0zy
Comelation 1.0000 Correlation 1.0000
Analog Teat Analyzer DAS | Reference DAS LIng Loas Test snalyzer Display
Zero na na 5 pan e bbing) HE % | PIF
Full $cals na na Span fypace hubing) HE 1.0% | PASS

EGTES:
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Adr Resource

SFPECIA

ABBR. | MACA-HM |

CASTNET OZONE ANALYZER DIAGNOSTIC TESTS

CLIENT

Mational Park Service

l FIELD SPECIALIST | Dave Beichley

DATE

5152020

SITE NAME

Mammoth Cave MP - Houchin Meadow

DATE OF LAST VISIT

11/5/2019

MANUFACTURER MODEL SERIAL NUMBER | EXPIRATION DATE
| Temperature Reference Eutechnics 4400 305287 9/18/2020
| NSTRUMENT SERIAL NUMBER| 1030745085 |

| THERMO 49C/i BENCH TEMP CHECK

I THERMO 45C/1 SOLENOID LEAK TEST

Reference

Analyzer

FRE

33.3

33.6 PASS

POST

Cell A Cell B
1 518 520
2 515 520
3 519 522
4 521 520
5 520 522
B 532 514
7 520 518
8 518 521
9 521 522
10 537 519
AVG 520 520
wDIFF[_ 00% | PAss |

| THERMO 45C/i SCRUBBER TEST I

CELLA

C (pphk)

FREG1

FREQ2

P {mmHg)

TiC)

% Efficiency

CELLEB

C (ppk)

FRE@1

FREQ2

P {mmHg)

Ti'C)

% Efficiency

ESC LOGGER SCALING

High Input

Low Input | High Output

Low Output

Only perform POST if calibration is necessary
Make sure to calibrate the analog output, if necessary

Generate an ozone concentration of approximately S00 ppb.
Display the Cell A/B O3 concentrations
Once the instrument stabilizes, the average of 10 successive
simultaneous readings should agree within +3 percent.

Generate a source of ozone of about 300 ppb and feed into the
instrument. Mote the concentration as C. This should be
measured with a different photometer

Seroll to Service Menu=Intensity Check:>= Int A Reference Gas
When the frequency stabilizes, note the frequency as FREQ 1.
Tum oczonator off and when the frequency stabilizes, note the

frequency as FREQ 2.

Determine pressure and temperature, note as Pand T.

Repeat test using Service Menu=Intensity Check= Int B

Reference Gas




Air Resource CASTNET OZONE STATION REFERENCE DIAGNOSTIC

SPECIA . TESTS
ABBR. | MACA-HM |
CLIENT National Park Service | FIELD SPECIALIST | Dave Beichley DATE 5/15/2020
SITE NAME Mammoth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11/5/2013
MANUFACTURER MODEL SERIAL NUMEER | EXPIRATION DATE
| Temperature Reference Eutechnics 4400 308287 91182020
| INSTRUMENT SERIAL NUMBER| 1015543061 |

| THERM®O 49C/i BENCH TEMP CHECK

Reference

Analyzer

FRE

POST

| THERMO 49C/i SOLENOQID LEAK TEST

Cell A Cell B
1 523 518
2 522 522
3 525 523
4 576 527
5 516 528
8 523 517
7 529 513
B 527 520
g 574 520
10 520 528
AVG o4 521
%DIFF[_ _05% ]| PAss |

|  THERMO 48C/i SCRUBBER TEST |

CELL A

C (ppb)

FREQ1

FREQ2

P (mmHg)

Ti°C)

% Efficiency

CELLB

C (ppb)

FREG1

FREQ2

P {mmHg)

Ti°C)

% Efficiency

ESC LOGGER SCALING

High Input | Low Input | High Outpat | Low Output

Only perform POST if calibration is necessary
Make sure to calibrate the analog output, if necessary

Generate an ozone concentration of approximately 500 ppb.
Display the Cell A/B O3 concentrations

Once the instrument stabilizes, the average of 10 successive
simultaneous readings should agree within 3 percent.

Generate a source of czone of about 500 pph and feed into the
instrument. Mote the concentration as C. This should be
measured with a different photometer

Scroll to Service Menu=Intensity Check> Int A Reference Gas
When the frequency stabilizes, note the frequency as FREQ 1.
Tum ozonator off and when the frequency stabilizes, note the
frequency as FREQ 2.

Determine pressure and temperature, note as P and T.

Repeat test using Service Menu=Intensity Check= Int B
Reference Gas



@Air Resource OZ0ONE ANALYZER VERIFICATION & CALIBRATION
’ , ’,_,-I"

CIALISTS (AS LEFT)
ABBR. | Maca-HM |
CLIENT Matlonal Park Servica | FIELD SPECIALIST | Dave Balchley DATE SMS2020
SITE NAME Mammoth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11/52015
AS LEFT
TRANSFER STANDARD AMBIENT ANALYZER STATION REFERENCE
Manufacturer Thermo Manufacturer Thermno Manufacturer Themao
Model 48 Model 44 Model 24
Serial Number 1130450187 Serial Number 1030745035 Serial Number 101554 3061
Cosficlent 1 CoafMclent 1.003 CosfMclent 1
Background 0 Background -1 Background il
Call & Intenalty [Hz) 100450 Call & Infsnalty (Hz) 101506 Call & Intensity (Hz) 76428
Call B Intenaity [Hz) 2070 Cal_ﬂnlmuly-n-zp 108885 W_Bmm BET52
Flaw A [ipm) 0.726 Flow A fipmj q12 Flow & {ipamj 738
Flow B fipm) 0.771 Fliow B {Ipm} 774 Fliaw B (Ipmj) J18
Prassurs [mmiHg) 7422 Pragsure {mmHg) 728.8 Preasure (mmHg) 783.6
Banch Temp [C) 261 Banch Tamp [°C) 338 Bench Temp [*C) 32.8
Banch Lamp Temp [°C) 531 Banch Lamp Tamp [°C) F3 8 Bench Lamp Temp [*C) Ed 4
Ozone Lamp Tamp [°C) B87.1 Ozona Lamp Tamp (°C) 82 Ozona Lamp Temp [*C)
OZONS SOUNTS x OZ0NE SoUrce
Transfer Standand Lavel LEVEL 2 Full 5c:ale (ppb) 250 Transfer Standard Level LEVEL 3
Logger Slops Comeation 1.0030
Star SLOPE | INT Logger Infsroept Comsotion 0.0543
Comection Factors [T e
CALIBRATION ACCEFTANCE CRITERIA [ DATA ACCEPTANCE CROERIA =
Mean Absoluts Diffsrence %) 3% Mean Abaolute Differsnce [34) 10%
Malmumm Absclute DIMErEnce [2) 3% Meaimum Abecluts DIMSrEncs (%) 10%
LepP; | TRANSFER STANDARD AMBIENT ANALYZER STATIOM REFERENCE
POINT |TaRGET] @™V | Display Comected DAS DY | %DHf |LeEsrs DAS DI | %D | LrEsR
ZEROD 0 1] 0.2 -0 03 04 MR 0.0% o1 02 HiA e
1 200 28 210 211.3 210.5 -0.3 04% 0.0% 210.6 07 -0.3% L
2 150 23.4 145.9 1477 147.0 07 | 05% | 0% 147.1 05 | 04% | 1%
a 100 19.4 100.2 100.9 100.9 0.0 0O% | 1% 101.0 o1 o1% | 01%
4 it 171 7.7 722 72.3 o 0% 0.0% 72.0 -02 0.3% e
5 S0 13.2 30.7 31.0 3.3 o4 1.2% 1% 3.2 02 0.5% 1%
ZERO [ a a 0.1 0.1 0.0 MA | 0% 0.0 01 WA | 01%
Mean ABS % DI 04% | PASS Maan ASS % DI 0.4% | PASS
Mae SBS % DT 1% | PASS bz AR5 % DT 0.8% | PASS
Slops 0.935 5lops 0.596
¥-intarcept 0.35 Y¥-intarcept oS
Comelation 1.0000 Correlation 1.0000
Analog Test Analyzer DAS | Refarance DAS
Zero
Full Scale

EID'I'Es: Cleaned the cabinet Nitars.




Air Resource

GAS DILUTION SYSTEM VERIFICATION & CALIBRATION

AR SPECIALISTS ZERO-AIR MFC
ABER. | MACA-HM |
CLIENT National Park Service | FIELD SPECIALIST | Dave Balchisy DATE 51152020
SITE NAME Mammth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11/52019
MANUFACTURER MODEL SERIAL HUMBER EXPIRATION DATE
[ "taigh Flow Referance BIOS Definer 220H 122807 6/18/2020
AS FOUND L s
GAS DILUTION SYSTEM | [5As DILUTION SYSTEM |
Manufacturer Teledyne-APl |Manufacturer Teledyne-AF
Wodel 700EU |Mod=l 700EU
Serial Number O57 [Serial Number 057
ZERC-AIR MFC [FERO-RIRWFC |
Manufacturer Teledynne |Manufacturer Teledynne
Model HFC-212 ENTER [#odel HFC-212
Sefial Number 5574400002 VALUES IN Serial Number 5574400002
Range (SLPM) 20 SCCM Range [SLPM) 20

_Air {psi) 30 Z-Rir psi} ]

FOINT| DRV | DISPLAY |REF. FLOW] % DIFF POINT| DRV | DISPFLAY |REF. FLOW] % DIFF
20 | 5000 | 2434 22066 | -2B% ~= ADUUST = 20 | 5000 | 22056 007 | 0%
18 | 4750 | 21074 o022 | 0% —= ADJUST —= 10 | 4750 | 20022 20024 | 0.0%
18 | 2500 18703 1077 0.4% 18| 4500 18703 18774 | -04%
17_| 4250 15442 1860E | 0.0% —= ADJUST = 17_| 4250 1B60B 18608 | 0.0%
16 | <000 17370 17401 | 06% —= ADJUST = 16| 4000 17401 17445 | 0.3%
15 | 3750 16219 16312 | 0.6% —= ADJUST = 15 | 2750 16312 16319 | 0.0%
14 | 3s00 15090 15207 | 0.8% —= ADJUST = 14 | 2500 15207 15208 | 0.0%
13 | 3250 14005 14140 | -1.0% —= ADUUST = 12 | 28D 14140 14105 | 0.2%
12 | ao00 12008 13005 | 0.7% —= ADJUST = 12 | 2000 13005 12016 | 01%
11 | 2750 11811 11886 | 0.7% —= ADJUST —= 11| z7s0 11806 11806 | 0.0%
10 | 2500 10753 10780 | 0.3% 10 | 2500 10753 10788 | 03%
[ 2750 D6TE [ 0.1% g 2250 0BT [ 01%
[ 2000 8580 8503 0.0% 8 2000 8500 2503 0.0%
7 1750 7404 7513 0.3% 7 17! 7434 7513 0.3%
£ 1500 B410 £433 0.2% 8 1500 £410 3433 0.2%
5 1250 5323 5357 07% —= ADUUST = 5 1250 5352 A363 0.0%
4 1000 4240 4272 0.5% —= ADJUST = 4 1000 4207 4773 0.4%
3 750 3173 1200 1.1% —= ADJUST —= 3 750 200 31ep 0.3%
2 500 2105 2128 1.1% —= ADUJUST = 2 500 2128 2123 0.2%

1 250 1020 1048 -1.8% —= ADJUST = 1 260 1040 147 0.2%
0 0 0 0 A 0 i 0 0 NiA
[ DISPLAY to REF Relationship | | DISPLAY tc REF Relationship |
Slope [EE] Slope 0.00008
¥-Intercept 25.87 Y-Intercept ]
Correlaion | 0.02222 Comelation | 0.29990
[ MFC linearity | | MFC linearity |
Slope 0LB0738 Slope 0.20716
Y-intercept 3228 Vntercept 33.20
Correlation | 002003 Comelation | 000007




Aijr Resource GAS DILUTION SYSTEM VERIFICATION & CALIBRATION

‘ARK: SPECIALISTS GAS MFC#1
ABBR. M.I!.CA-HH]
CLIENT National Park Service | FIELD SPECIALIST | Dawe Balchlsy DATE alar020
SITE NAME Mammoth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11/5/201%
MANUF ACTURER MODEL SERIAL NUMBER EXPIRATION DATE
| Low Flow Rafarence BIOS Diefiner 2201 123077 G/182020
s
GAS DILUTION SYSTEM | [GAS DILUTION SYSTEM |
Manufacturer Teledyne-AFI |Manufacturer Teladyne-AP|
Model JO0EL |IID|:IEI 70ODEU
Serial Mumber o57 |Seria| MNumber Bs7
GAS MFC [GAswFC |
Manufacturer Teledyne |Manufacturer Teledyne
Model HFC-212 ENTER [Model HFC-212
Serial Numnber H29BB000007 VALUES IN Serial Number H2886000007
Range (sccm) 100 SCCM [Range [scoem) 100
Gas (psi) 300 Gas (psi) 30
POINT| DRV | DISPLAY |REF. FLOW] % DIFF POINT| DRV | DISPLAY |REF. FLOW)| % DIFF
20 5000 107.00 108.20 -1.1% —= ADJUST —= 20 5000 108.00 108.10 01%
18 4750 101.70 102.70 -1.0% —= ADJUST —= 12 4750 102.70 102.70 0.0%
18 4500 B5.20 a7 -1.0% —= ADJUST —= 18 4500 9720 ar.40 0%
17 4250 g1.00 91.80 0.8% —= ADUUST —= 17 4250 91.80 g1.32 0.0%
16 2000 BR.60 2650 -1.0% -2 ADJUST --= 16 4000 8650 BE.52 0.0%
15 3750 BD.0D a1.10 -1.4% -2 ADJUST --= 15 3750 8110 B81.00 0.1%
14 3500 74.80 75.70 -1.1% —= ADUUST —= 14 3500 75.70 75.70 0.0%
13 3250 g2.80 70.10 0.4% 13 J250 70.10 70.30 -0.3%
12 3000 £4.50 8500 0.8% —= ADULET —= 12 2000 8500 65.00 0.0%
11 2750 52.10 50.70 -1.0% —= ADJUST —= i1 2750 50.70 50.70 0.0%
10 2500 53.80 5430 0.0% —= ADJUST —= 10 2500 5430 54.30 0.0%
2 2250 48.40 40.00 -1.2% —= ADJUST —= g 2250 40.00 40.00 0.0%
] 2000 43.10 43.60 -1.1% —= ADJUST —= a 2000 43.60 43.80 0.0%
7 1750 37.80 3320 -1.0% —= ADUUST —= 7 1750 3320 38.20 0.0%
[:] 1500 3240 32.80 -12% —= ADUUST —= g 1500 32.80 32.80 0.0%
5 1260 27.00 2730 -1.1% -2 ADJUST --= 5 1250 2730 27.30 0.0%
4 1000 21.680 21,80 0.8% —= ADJUST —= 4 1000 2120 21.80 0.0%
3 T80 16.10 1830 -1.2% —= ADUUST —= a2l 750 16.40 16.38 0.3%
2 500 10.80 1020 2.8% —= ADUUST —= 2 500 1020 10.87 0.3%
1 250 520 5.30 -1.0% —= ADULST —= 1 250 5.30 532 -0.4%
1] 1] 0.0 0.00 MNA 0 a 0.00 0,00 MiA
[ DISFLAY to REF Relationship | [ DISFLAY to REF Relationship |
Slope [T Slope 028818
Y-Intercept 004 Y-ntercept 003
Correlation 0B Correlation 1.00000
[ MFC linearity | | MFC linearity |
Slope 0.02646 Slope 052544
Y-Intercept 217 Y-Intercapt -B.28
Correlation P Correlation 0.22922




s SPES

Air Resource
ALISTS

NOy ANALYZER VERIFICATION & CALIBRATION

REER. | MACAHM |
CLENT Naticnal Park Bervios FIELD SPECIALIST | Dewe DATE E1E/2020
BITE NAME Cave NF DATE OF LAST VIST | 1162018
Manufactursr Thesmo Teledyne-AR
Modsl AX-NOY TOOEL
Sarlal Mumbsar OT34025663 857
WO Cosficlent. 1075 [ CROORETONGAS |
MO 234 Cylnder S CLS0E134
Pl Coeffickent. 1.040 Engiration Oate SMna0ea
Nl Bacige cusd 321 Cylinder Prossun 0o
W02 Gosfficknt. 1.000 Dty Preasure k]
Sharm pen Flcs |LI) 1.057 7 628 Tank Cone. WO {pem) 1282
O Fliwe fheeim) ok Tanm Cone. 80, (ppm)| 12 47
Chambsr Pressuns (mmekg) 320/ L7176
intersal Temp PG 3B CALIBRATION SCCEPTANCE CRITERLA .
Chamber Temg () 205 Mo Absoiue Difference Cs) B
ookt Tems [C] A7 | Mazirmem Atociuls Differescos [%) | ==
Corrente: Tams|[“C) 274
P oltage -1006.0 DATA ACCEPTANCE CRITERLS (==}
Mean Abwolute Difference (&) 15%:
Trace Lews| Calbowice? Ao mh}ﬂ_mm 1%
FULL SCALE |ppb)| I 200 Comreite Efficlency =)
[AODICOTION] GA2 Goomicd L] TFF WO,
Panl | Tage |- Flos] Ges Al | DAS [ %0m | Dws | asua | OAS | wom
ZERC| O | 6000 | 000 | OO | 007 | A | 0965 | OO |00345| mea
EFAN | 150 | cooe | vags | 1550 | 145 | B | -1.2% | 1580 | 4ET | oW
GET GRS DILUTION EYSTEM (= DIFF WO,
Foint | MO | Oy [zerrow] corcs [cemros| Acusl | DAS | %0 | Acal | DAS | %00 Juscass] 2w | DAS | =oim
=11 I o000 | ooo | ooo | DO [-opeis] NA 00 [odss3] e | aew | OO0 | opss | WA
GFTZ| 180 | B0 || 5501 | 11300( 7458 | 1588 | 1447 [ A | 08 | 1345 [ e | ww | 1585 | 1434 [Cidow
| =7 | 150 | =0 | sees [113o0] mavs| e | smsa| | B2 | 7as [ o] oww | wa | 1223
GPTz | 12 il 11200 5630 [ 1194 | woes [ BT o5 Jozoes] we | azw | 11e [ ors [ 988
GPT | 120 ] 11300| 5523 | ms | 507 528 | ss3z | | osw | wa | 108 |
GFTZ | 1m0 EN EEREED EED EE EEE R N EEE T R S R B
GFT | 10 =0 | ==95 | 11200 4552 | A | 4342 513 | 471 | ae | s | wa | sass |
[erm=] 0 | 20 [ ssee [t arrr [ B00 [ rerr [0 o3 J-rioe] wea | oew | 203 | roms [0
GFT | 80 z3xr | 11300] 3783 | e | 345 | [zs Janzo| wme | nom | wa | 728
[eemz] 70 | 35 | ss«3 [1ozoof zsaz| 750 Jesqa ] O8] o3 J-ooss] s [ new | 754 | srzd [0 ]
F=1 0 Jcooo [ oo [ ooo [ 00 [ oos [T oo Joims] we [ am] 00 Joins] W& ]
oot 400 PR Fanl 50 Agp F 150 815,10 WO_] TWFF | WO,
MOk [MOSle MOy (MOl MOy O [ Mess pEm s nm | B2% | BEck | 10.6%
BAIT  EADT B3 TESM  1SDES 180T
f305 @81 1038 ST03 1203 12083 Mas 4B % Din | 10,08 | 0% | 10em
EHY B3 MET  4TEE G054 1M
4357 4245 GO0 308 800 #1101
Hops 008 | o.ess | oess
Wik t [ war | oz | aas
Correlation | 1.0000 | 0.kess | 1.0000
Convarlst BE1W | FAlD
Analog WO DAZ Cono. | DIFF DAE Cone.] Ny, DAE Cong.
Zaro na na L]
Full Eoale na ra na
MOTER]
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Air Resou_rce

NO, ANALYZER VERIFICATION & CALIBRATION

s SPECIAL
[EEen. | macanm]
CLEENT National Park Bervioe FIELD SPECIALIST | Owen DATE E1E2020
HITE NAME Cave NF DATE OF LAST VISIT | 11062018
Y- B
[ EMEIENT ERELYZER | GAS DILUTION STSTEM |
Manufacturar Thermo TelethnAR
Modsl A43-NOY TOOEU
Sarial Humbsr D734025663 957
NO Comfictent = [ CEOORATONGES |
N Bach 325 Cphnar SN CCS06134
Wi Coeflicknl 1.019 Eagiration Date = [
[T Peea— D Cplindes Pressure | 1100 |
W2 CosfMickant 1.000 Dilberry Pressurs S
Sarm s Ficw [LI'M] 1.044 7 542 Tank Gone. W jpem) | 12,52
L3 Fliow ijoem) 50 Tank Cone. MOg (ppm)| 1257
Chambsr Prossune (mmg) J29.3/3042 1 )
Intersal Temp £} 298 CALIBRATION ACCEPTAMNCE CRITERIA < |
Chamber Tame (1G] 499 Mean Abciute Oifferenc C4l )
Costiar Tems (C1 -10.1 Wasireem Ataciuls Dillerss (%] £
Coenries Tams [°C) 5 1
[ -235.3 DATA ACCEPTANCE CRITERLA jusj
M Al cluste Differsncs (%) 15%
Traca Laws| Calbewior? Na Masirmem Atnciule Differesos [R) 155
[Fiiscaities | oo | Comeariee EMiciency =
[AODICOTION| @Az GiLoTion L] TFF WO,
| Pant | Tage | sir Flee Can Ase | DS | %o | oAS | acw | DAs [ woor
ZERC| 0 E000 | C.O0 | OO0 |0.0133| M. | 0958 OO0 | -003 | W&
SEAN | 180 | 5587 | 7ATE | 1524 | 1553 | Oiw | 03988 1587 | 1555 | Diw
PT GAB DILUTION SYSTEM NG DIFF WOy
Foit | WO | Oy [zerrow| corioe [cemres| Acusl | DAS | %08 | Acuwl | DAS | %D Juscems] 2auw | DAS | =Dem
=1 IR G coo0 | ooo [ ooo | 00 Jooes| MA | oo [ooss| e | aiw ]| 00 [oms] WA
GFTZ | 150 | 80 | ssos [ 1100 vas7 | 58s | 1=5s [ o&w | o5 |oEazm| e | A | 15&4]’15:-1'|W|

| ee7 | 180 | eo | smss | 1i3oo| 7ers | me | 7esmz| | 530 [ eecz| tome | ome | wa | 151 |
GFTZ | 120 | &1 [ =25 [ 11300 se30 | aema | 1ass 05 | oos4 | e | orw | 11=e ] 1Es ] 6w
GPT | 120 | e0 | =11 | 11300 seaz | me | sToe 652 | 637z | 2w | oew | wa | 1
Eard I =0 [ s=3 [nzoo] &7 ? =58 04 [ooos| we | oo | oo [ oser [ oes]
GPT | 10 | = 2 | 11300 2632 47.38 512 | =3z | aee | am | Wa | 3|
[ePrz] =0 | @0 [ =<0 [nizoo] srve [ B0 Jresa [ O] o3 [oass| we | aow [ 504 [ roms [ 0]

GPT

80 =7 | 11300 srer

wa | 3208 |

[eiz [ azzs [ am | wem | wa | soss|

|sF=] 70 [ 35 | =s<s [113oof 3acs| 72 Jesva [ %[ o3 Jomoac] we | e | 708 [ 7oz [ 28]
= 0 | sooo [ ooo [ om0 | 00 Joos] MR oo [ o1s [ e | oow ] o0 [ooses] W&
Frat 401 CFF Pl 50 A F 1 50 81510 LN (=3
1 L
MOl [N, oL, (NG [NOL, MOL. [[heas aBz w o | naw 0.4%
03 B0 AT TATE  ISMD  BLED PAIS | PARE | PA3E
B30 8530 0S4 STEE  1MUS 12005 Mas ABS % DN | 06% | 2E% | 0E%
5185 S1E7 DS SRME  MTE 1ML FAIE | FAZE | PARE
42TE 4185 T4D  3R1S  THES  BMD4
Bcpe 1004 | 1018 | 1om
Vinsrospt | 036 | a4 | 036
Corrslation | 10800 | 0865 | 1.0008
Cotmariar A% PAIE
‘Analog Test | WO DAS Cono. | DIFF DAZ Gone.] Ny DAB Gane,
Zaro na ra na
Full aals na ra na
MOTEZ]70und and Tued @ sal 23k ReDusl B Dy-pass Pump. RESiaIed 3 NEw CArMa-pors cryer, and ceansd T Canne: Niers.
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Air Resource

S50; ANALYZER VERIFICATION & CALIBRATION

/ Y SPECIALISTS (AS FOUND)
ABBR. MACA-HM
CLIENT National Park Service | FIELD SPECIALIST | Dave Belchlsy DATE w2020
SITE NAME Mammaoth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11572019

AS FOUND

AMEBIENT ANALYZER

GAS DILUTION SYSTEM

Manufacturer Thermao Teledyne-AP|
Model 43-TLE TO0EU
Serial Number 0220430887 o57
502 Cosfficlent 814 CALIBRATION GAS
502 Background 3.40 Cylindsr 5M CC508134
Intsrnal Temp [°C) 35.9 Expiration Date 8102022
Chamber Temp [°C) 452 Cylinder Pressurs 1100
Pragaure (mmHg) 888.1 Dallvery Pregsure 30
Sample Flow [LPM) 430 Tank Conc. (ppm) 12.689
Lamip Imtanaity (%) 2%
CALIBRATION ACCEPTANCE CRITERIA =)
Maan Absoluts DIferancs (%) B4
Maximum Absoluts Difersnca %) 53

DATA ACCEPTANCE CRITERIA [—=)

Msan Absoluts Diferancs (%) 10%
Maximum Absoluts Diferanca (%) 10%
| FullScals(ppb) | 200 |
| GAS DILUTION SYSTEM S0,
POINT |TARGET|ACTUAL F-alr FlowGas Flow) DAS Diff %D |LnEsA®
FERO [1] 0.0 B000 0.00 | 02705 | na7os MIA 0.2% Mean ABS % Differsnca 24% | PASS
1 160 | 1563 | So4 | 7472 | 1537 | 26 | -18%m | 03% Max ABS % DiMarence 3.4% | PASS
2 12 1184 | 5225 | 5630 | 1182 25 -2 1% 0%
3 [ ggp | 9832 | 4701 | ogp | 2o | som | oaw Slope 0.980
4 60 8032 | o2 | 3TTT | 7E44 | a7 | -21% | oow ¥-Intercept .12
] a0 358 | 8053 | 17.15 | 24.82 -1.2 -34% | 02% Comelation 1.0000
ZERO 1] 0.0 S000 | 0.00 | 0.1038 | D.1033 A 0.1%
Analog Test DAS Conc.
Zero na
Full Scale na
NOTES:|Rebuilt the pumg.

D-22




Alir Resource

S0; ANALYZER VERIFICATION & CALIBRATION

SPECIALISTS (AS LEFT)
ABBR. MACAHM
CLIENT National Park Service | FIELD SPECIALIST | Dave Belchisy DATE SM2020
SITE NAME Mammoth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11372019

AMBIENT ANALYZER GAS DILUTION SYSTEM
Manufacturer Themo Teledyn=-AF|
Maodel 43i-TLE TODEU
Serial Number 0220430887 057
502 Coafficlant JBEg CALIERATION GAS
502 Background 31 Cylinder 5M CCHDE134
Internal Temp [*C) 35.5 Expiration Date 8/10/2022
Chamber Temp [*C) 45.4 Cylindsr Presaurs 1100
Prassure (mmHg) 808.6 Dallvery Prassure 30
Sampla Flow [LPM} 428 Tank Cone. (ppm) 12.69
Lamip Intanatty (%) B0%
CALIBRATION ACCEPTANCE CRITERIA [<=5)
Maan Absoluta Differance (%) 5%
Maximum Absolute DINerance (%) 5%
DATA ACCEFTANCE CRITERIA <)
Maan Absoluta Differance (%) 10%
Maximum Absoluts Difsrencs %) 10%
| FullScalefppn) | 200 |
| GAS DILUTION S¥YSTEM 50,
POINT | TARGET| ACTUAL F-alr FlowGas Flow] DAS Diif %D | LmEas®
ZERQ [1] 0.0 G000 | 0.00 |O04606| o408 | WA | 0.3% Mean ABS % Differanca | 1.4% | PASS
1 180 | 1562 | 3087 | T4.78 | 1578 1.6 10% | -12% Max 455 % DiMerence | 2.0% | PASS
2 120 | 1194 | 5025 | 5630 | 1175 | -18 | -16% | 0%
3 00 oop [ 5831 | 4701 ) o70 [ 10 | 10w | 07w Slope 0,998
4 80 801 | 41 | 3774 | TES4 | 16 | 20% | 05% Y-Intercept 0.20
5 30 307 | 8052 | 1000 | 2040 | 02 | 08% | 01% Comelation 0.9997
ZERQ 1] 0.0 G000 | 0.00 0.34 0.34 NA | 03%
Analog Test DAS Conc.
Zero
Full Scale
NOTES:|Rebuilt the pump and adjusted the PMT.
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Air Resource

CO ANALYZER VERIFICATICN & CALIERATION

AS FOUND

L SPECIALISTS (AS FOUND)
ABER. | mACA-HM |

CLIENT Mational Park Service | FIELD SPECIALIST | Dave Beichley DATE 51572020
SITE NAME Mammeoth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11/52019

AMBIENT ANALYZER GAS DILUTION SYSTEM
Manufacturer Thermo Teledyne-AFI
Model 48i-TLE TOOEU
Serial Number 0832633181 957
CO Coefficient 1.031 CALIBRATION GAS |
C0 Background 1.111 Cylinder SiN CC506134
Internal Temgp (°C) 40.9 Expiration Date | 9/10/2022
Bench Temp [*C) 44 2 Cylinder Pressure 1100
Pressure (mmHg) 715 Delivery Pressure 30
Sample Flow (LPM) 550 Tank Conc. (ppm) 315.70
Sample/Reference Raftio 11467303
AGC Intensity [Hz) 196543 CALIBRATION ACCEPTANCE CRITERIA (=) |
Motor Speed (%) 100.02 Mean Absolute Difference (%) 5%
Maximum Absolute Difference (%) 5%
DATA ACCEPTANCE CRITERIA (==)
Mean Absolute Difference (%) 10%
Maximum Absolute Difference (%) 10%:
| FullScalejppm) | & |
GAS DILUTION SYSTEM | coO
POINT |[TARGET|ACTUALE-air FlowGas Flow DAS Diff | %Diff |umMEsRs:
ZERD [i] 0.000 | 000 | 000 |O0024 | ooDZ | M | 0% Mean ABS % Difference | 2.0% | PASS
1 400 | 2888 | 5004 | 7473 | 3003 | 0015 | o4 | 09% Max ABS % Difference | 3.5% | PASS
2 300 | zo72 | 5025 | 5630 | 2oz | 0052 | -17% | o9%
3 200 | 2482 | 5832 | 4701 | 2423 | D050 | 24% | 06% Slope 0.999
4 1.00 | 1894 | 5842 | 3777 | 1855 | 0039 | -20% | 0% Ydntercept 0.03
5 075 | 0eo2 | 6053 | 17.15 | 0881 | 0031 | -35% | o4% Correlation 0.9998
FERD [i] 0000 | 000 | ooo |-o020 | -DoZo | mA 0.1%
Analog Test DAS Conc.
Zero na
Full Sczale na
|MOTES
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Air Resource

CO ANALYZER VERIFICATION & CALIBRATION

L SPECIALISTS (AS LEFT)
ABBR. | MACA-HM |

CLIENT Mational Park Service | FIELD SPECIALIST | Dave Beichley DATE 51152020
SITE NAME Mammaoth Cave NP - Houchin Meadow DATE OF LAST VISIT | 11/5:2019

AS LEFT

AMBIENT ANALYZER GAS DILUTION SYSTEM
Manufacturer Themo Teledyne-API
Model 48i-TLE JODEU
Serial Mumber 0832633181 957
C0 Coefficient 1.034 CALIBERATION GAS
CO Background -013 Cylinder S/N CC506134
Internal Temp (“C) 40.9 Expiration Date 91072022
Bench Temp (*C) 442 Cylinder Pressure 1100
Fressure (mmHg} 712 Delivery Pressure 30
Sample Flow (LPM) 2330 Tank Conc. (ppm) 315.70
Sample/Reference Ratio 1.1500131
AGC Intensity [Hz) 196786 CALIBRATION ACCEPTANCE CRITERIA (==
Motor Spead (%) 100.1% Mean Absolute Difference (%) 5%
Maximum Absolute Difference (%) 5%
DATA ACCEPTANCE CRITERIA [==)
Mean Absolute Difference (%) 10%
Maximum Absolute Difference (%) 10%
| Funscalejppm) T 5 ]
GAS DILUTION SYSTEM CO
POINT |TARGET|ACTUALE-air (Gas Flow DAS Diff %Diff | UNEARS:
FERO 4] 0.000 | GOOD 0.00 | 0.0091 | 0.008 MR 0.2% Mean ABS % Difference 1.0% | PASS
1 4.00 3.BBT et 7476 384 0063 14% 6% Max ABS % Difference 2. | PASS
2 300 | 2072 | 5025 | 56.30 | 2877 | 0005 | 02% 0.4%
3 200 | 2483 | 5931 | 4701 | 2401 | 00DE | D3% 0.3% Slope 1.001
4 100 | 1083 | 5841 | 37.74 | 2.004 | OO 0.65% 0.2% Y-Intercept 0.02
5 D75 | 0088 | 6053 | 19000 | 1045 | 0027 | 27% | D1% Comelation 0.9999%
ZERO o 0,000 G000 0.00 0041 0041 MNi& A.4%
Analog Test DAS Conc.
Fero
Full Scale
INDTES Performed the pre-amb board and the S/R ratio calibration.
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Air Resource

SITE INFORMATION

SPECIALISTS
ABER. | MACA-HM |
CLIENT Hational Park Service I FIELD SPECIALIST Dave Beichley DATE SM15/2020
SITE NAME Mammoth Cave NP - Houchin Meadow DATE OF LAST VISIT 1115120159
Deg Min Sec Decimal
LATITUDE Maorth ar 11 11 CALCULATE.: a7. 1864
LONGITUDE West 86 2 28 - - 86.0411
Decimal Ceg Mim Sec
—-CALCULATE-=>
Heters —CALCULATE-> Fest
| ELEVATION
Test _CALCULATE-> Meters
| Photo Documentation Completed? || | Yoz | No | N/§
Protocol? | Carrier? | #of Bars? | Signal Strength?
Cellular Phone Coverage -X dBm
Cellular Phone Coverage -¥ dBm
DAY TIME IN TIME OUT
SH5R020 ~1800 ~2030
SHER02Z0 ~B30 ~2030
SHTRIZ0 ~1000 ~1400
Please verify site standards used by the site operator
SITE STANDARDS MAMUFACTURER MODEL SERIAL 2 Callbration Explration Dats
PM Flow Rafarsnca

INDTES:
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Alr Resource
SFECIALISTS

CALIBRATION AND VERIFICATION STANDARDS

ABBR. | MACA-HM |
CLIENT MNational Park Service I FIELD SPECIALIST | Dave Beichley DATE 51512020
SITE NAME Mammaoth Cave NP - Houchin Meadow DATE OF LAST VISIT 11/512019
MANUFACTURER MODEL SERIAL # Callbration Expiration Date
Ozone Tranader §tandard Thermo 48i 1130450187 2/24/2021
MFC High Flow Refersnce BIOS Definer 220H 122807 @/18/2020
MFC Low Flow Reference BIOS Definer 220L 123077 @/18/2020
Temparaiure Refersnce Eutechnics 4400 308287 B/18/2020
ATIRH Sensor Reference Rotronic HC253 20038801 111312020
Baromatric Pressurs Refersnce Druck DPITDS 70573705 8/22/2020
Wind 5pesd Referance (igh rpm) RM Young 188204 CA 03358 B/20/2020
Wind Spesd Refersnce [low rpm)
Wilnd Spasd Torqua Gaugs RM Young 18310 na
'wind Dirsction Alignmant Referance Brunton S00GLM 5060408265
‘Wilnd Direction Linaarity Reference Wilson Machinery B point disc #1
‘Wilnd Dirsction Torgue Gaugs RM Young 18310 na
Solar Radiation Referance
Muttipier | [ csl Pyranometer BEA04 8/20/2020
UV Radlathon Reference
mutpter | I
Precipitation Referance
voume | 930 [ mL RM Yaung B2260 na
Violtage Measurement Refersnce
Voltage Source
PM Flow Standard 21 BIOS Definer 220H 122007 8/18/2020
PM Flow Standard #2
PM Flow Standard 23
PM Flow Standard 24
PM Temparature Standard 1
PM Temperature Standard £2
PM Temperature Standard £3
PM Temperature Standard 24
PM Baromedric Pressurs Standard #1
PM Baromedric Pressurs Standard 2
PM Baromedric Pressurs Standard £3
PM Baromedric Pressurs Standard 24

TEOM MTV Standard

HilVol Direct Flow Standard

Hiviol Orifics Plata

Orifice Manomaiar

Stagnation Manomstar
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Franair Distribution, lng,
5700 5. Alameda Street

ZAPRAXAIR

Mg cur pleoy I pretchactiye .
Dochumber: 252458 =T

it
| CERTIFICATE OF ANALYSIS / EPY

Customer & Craer Frformacion CoTicets Iimumncs Da; D IOrRTS
mummw—usmn Lov Mumstgr FODEREE 105
ﬁ,“;fmﬁﬁ?@f'm Pt tmdar NI 3z RS 1.5 Ciinci Style & Outer: a5 1 80
FORT COLLINS OO MG ES-dang Mmmm. A3TApY Cynder Proasum ang mh-m:i‘m“u 1803
Certiffed ¢ SRCentration ProSpec EF Cory
Expirafion Dafe: 031012022 MNIST Traceabls Bl e 0
Cylindar Numbar CCE0E124 Expanded Uncartainty
5T ppm Carbon monaxide 0.4 %

12.82 ppm Nitric oxide 0.7 %
12.8% ppm Sulfur dioxige ,{ 13y
Ealance Nitrogen '
For Referonce Ondy: MOx 1297 ppm
Certification Information: Certification Dae:0MIG2018  Tamn 36 Months Expiration Dete: 03110,2022

This exinger wns Endifag Ancanging il tha 2012 Eba, 'I'rwuhllrhmnm'_ Docsimani EFABO0R-1 2051 %, 8ing Frocadun @i,
Do Mok Ui tnig Stzndard ¥ Pressuy i lass Mas 100 PriG,

i

Analyical Dagg: {ReRotiremon Standar, Z=Zem Gg. o645 Caridaty)
1. Componpee Carban menoxidy | Refarance Standard: Tres § Cyindar o0 GANE/ 4192
Fiisgarms ed Concansegtinn: 324 ppm ation | Lingers ingy HETA ppm a0 41,
Cirtiod Concantation: MET pgm 1 Eaniraton Daea: pamdoogs
Msbruman Lisad- muwlo&hnmmﬁ 4 Timcoakds o ﬂm#fh'rubln'(!ﬂmt # SAM |EMJ241JI¢.RLD’|M??

ANEl ical Mafhg: MOIR

E1CT] {hwm-:mm'mqunr,-_ 4004 PPN ez Prm
Lol Mubizcn| Caibeation; 0&ROEIS

SRM Expicaton Daig: ORI
Bezoml Analyas Dala; [
& 0 R: a (=TI ] Cohe:
R g o L= | Cone- g
z: L} S oa L Cone: 0
UG pom Mian Teat Assay: Bpm
Relsrsnen Standard: Trpe ! Cotndar a: GMIE [ (0321855
cmai-..-unmrmnr.-. 1591 pom 40 Boss,
OSzacne

o MEa
€ M7 Ciome:

L] Eone:
Mosn Teut Asaay;

Ratunstod Concaniation: 13 ppry
D-mmcmuumn: 1282 pom

Expiratizn Datg:
strunend Yeag Thm-mtm-ﬂn-bﬁsm QL [ Tracwatils o erhmlicmi Aﬁsxﬁmug.-'mmnaxnvus
Anaidical M jhod: Chemiumirascencs aRA Dbnon-m:mrumny- :!nuappm.l:u_wppm
Rast Multieesm! Cai bration: 08739015 SR Exgemins Dag- Tz
Flrat Analysis Datz; Date  taacorg Swsond Aralyals Garg: Date G001
& 9 L k- ©oirez Cone: 1203 .o ] L T ©onpge Cena: 1200
R sz & 0 € i3m Congz 12494

R: 1ag I o € 129 Canc: 1794

o LR T R 10 Canar 1283 & o123 R pgp Cone: 12q
UOM: g Meae Test Assay: 125z M UDM: ppm Mean Tost dagay: 2B pom
L Compossar: Bulfur dicaigg Feaferance Siamdard: Tyea ! Cylitrpr £ NTRM { CC725g8

Anuamian Contanration 13 ppm

Emwmlnn.'une-n.nh- 4850 pem 21 v
Cartifienf Conranation: 1255 pem

Exgraton Caie LE 1]

struspce Ugng Ameiek 821CE SN AW.821-531 Teaceably ia: BRM ¥/ Somipe £ / Cybncier NTRMECCT2608 (120001 4y

Anal ytical Mantbng LA Sippcnnm, Rw-hm-lmu-rumm 858 BEMY 1050 P

Lzt Mullipainl Calbration: 0822018 Mﬂmi-mnm: [ T Tl

Firet Aralysis Gata: Date (033010 $econd Analyals Date: Dats (2903075

B LT C: 128 Cane:  ikg I ] R: 485 L Cone: 1374

R das FAE ] [ Come: 497 R aag I o - Come: 433y

z [ C: o2y R aeg Conc; 127 b4 [} € zr L= ] Cone: 125

VoM pam Mean Test dmsay: 1967 pem UOR: goe Mean Toet damay: 1279 e
. - /!
HJ,_L_ VR v e

Aralyrmd By Ferey Fooeg 17 | Certifos py Lazanica Flares i) i

[ {f

Infermaion TOALan e hergin hpg 9N Bienanad of yeor reluest by quaiieg Erpans withun Prosai Uilrml.'nn. Inz. Wity wa Sk that the infermason ¢ UTurale witin My e o e anatytioal
Malhods smipkes wnd i CoMmbiele In the astani of 1oy SRS mrabe g Pérlormod, wa make m TNy o TSRl Eninion us 4 (he 4 tmbibly of $ia wso of P niw o Ior any puippse. The
marmaiion g G vin o sedeslanding hai sy ygs of thas ivfarmeion 15 #11h8 S5le dimcrstion: ang AR ST W0 uBer 18 g et shea i Babiity of Prawg:

i Fowr Suth intsmason,

Disripatian, Ine., ATENG O 0l Fia wme
ol the infurmatizn conlsnad temin N this fee st b shss

Providing
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LEVEL 2 RE-VERIFICATION REPORT

U. 5. Environmental Protection Agency
Office of Research and Development
Center for Environmental Measurement amd Modeling
Air Methods and Characterization Division Metrology Laboratory

109 T.W. Alexander Drive

RTP, NC 27711

Primary Standard

Guest Information

Agency: EFA RTF Owner: ARS Inc.
Contact: Scolt Moore Contact: Randy Kechter
Make: MIST Make: Thermo Scientific
Madel: SRP Model: 459
S/M: 61 SIN: 1130450197
MLID: 01182 MLID: 00535
MIST Validation 3282019 Re-Verification Date: 212542020
SRP Template V1-3 021122020 Status: PASS
Slope Intercept R
Average: 09943 -0.0870 0.9999996
Upper Acceptance Limit: 1.0300 3.00 MA
Lower Acceptance Limit 0.9700 -3.00 MA
Start End File Slope Intercept R
02r24/20 18:18 02424520 005 R2020022403 xis 0.9943 -0.0102 0999995941
02r24/20 2006 02724120 21:56 R2020022404 xls 0.9947 -0.1759 099999950
02r24/20 2157 02424520 2344 R2020022405 xls 0.9942 -0.0731 099999963
02124720 2345 0242520 1:32 R202002 2406 xks 0.9944 -0.0482 099999956
02r25/20 1:33 0242520 Ry R2020022407 xls 0.9943 -0.1012 099999972
02r25/20 M 0242520 509 R2020022408 xis 0.9942 -0.1130 099999578
02725/20 510 0242520 6:57 R2020022409.xls 0.9942 -0.0876 099999962
Authority: All ozone instruments are run in accordance with the Code of Federal Regulations 40 Part 50

(hitpsfwww3. epa.govitin/amtic/40cfr30.himl), EPA SRP SOP (SRP Standard Operating Procedure, Sept
18, 2015 Revision(PDF) (1pg, 5242 KB) - November 2016) and EPAs Technical Assistance Document

(Transfer Standards for Calibration of Air Monitoring Analyzers for Ozone (PDF) (67pp, 820 KB) - May 31,
2009) or as specified in a project specific EPA Quality Assurance Project Plan (QAPP).

Adjustments: Mone Humber of Cycles: 7
Number of Points: 12
Repairs: Mone
Concentration Uncertainty (2K)
Comments: SRP-61 generating ozone. nmalimaol nmolimaol
High Point: 508 +56
Ozone NAAQS: 7o +0.83
Mext Due By: February 25, 2021 Low Point: 17 +0.36
Analyst DATE: March 3, 2020
Joshia Varga | U.S. EPA, 4030 Oid Page Rd., RTP, NG 27702 | (219) 541-3722 | vanga joshua@epa.gov
Reviewer: DATE: March 3, 2020

Scott Moore | LS. EPA, 4830 Oid Pape Rd., RTP. NC 27700 | (818) 541-5104 | moore. scottiepa.gov
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Slopes and Intercepts

r 150
1.0100
- 1.00
" 1.0050 %
3 - oso £
1.0000 2
& - 000
08950 . ] $ s ] o *
0.9900 - -0.50
0 1 2 3 1 5 5 7 g
Run Number & Slope # Intercept
HISTORICAL DATA OM VADEQ Thermo 61407-330 iso
1.0400
L] - 1.00
1.0050
& . =
& L osp 2
1.0000 . E
0.9950 L - 000
[ L 3
*
0.9900 - -0.50
08/14/13 12/27/14 05/10/16 09/22/17 020410 06/18/20
Date # Slope * [ntercept
HISTORICAL DATA ON Thermo Scientific 1130450197
Date Slope Intercept R
Re-Verfication 04/30/19 0.9938 -0.24 09999958
042518 0.9930 -0.22 0999999
040617 0.9929 -0.38 0999999
027221186 1.0027 023 0999999
0111814 1.0073 -0.01 0.9999098
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Mesa Labs MNVLAP Lab Code 200661-0

Calibration
Calibration Certificate
CertificateNo, 318435 Sold To: Alr Resaurce Specialists, Inc.
Product 200-220H Definer Z20 High Flow 1801 Sharp Point Drive Ste F
Serial No. 122907 Fort Calfins, CO BOG25

Cal. Date 18-Jun-2018 us

All calibrations are performed at Mesa Laboratories, Inc,, 10 Park Place, Butier, NJ, 07405, an IS0 17025:2005 accredited laboratary
through NVLAP of NIST. This report shall not be reproduced except In full without the written approval of the laboratary. Results only
relate o the items calibrated. This report must not be used to claim product certification, approval, o endorsamant by NVLAR NIST, or
any agency of the Federal Government.

As Received Calibration Data

Lab. Pressure mmHg
Technician Lab. Temperature 226 °C
Instrument Reading Lab Standard Reading Diewviation Allewable Daviation As Received
SCEm SRR 1.00%
SCLM SCCM 1,00%
SCCm BCEM 1.00%
“c L] - +0.8°C
mmHg mmHg = + 3.5 mmHag
Mesa Laboratories Standards Used
Description Standard Serial Number Calibration Date Calibration Dug Date

Percision Thermometer
Precision Barometer

Mesa Laboratories Inc. 10 Park Place Bufler, NJ 07405 USA
(873) 402-B400 FAX (973) 492-B270 www. masalabs com Syrbal “MLAE™ on the NAS

1ol2 CALOZ48 Rev GO5
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Mesalabs

Calibration

As Shipped Calibration Data

Certificate No 316433 Lab. Prassura 750 mmHg

Techniclan Lifianna Malnowska Lab. Temperature  Z2.6°C
Instrument Reading Lab Standard Reading Daviation Allowable Deviation &5 Fhipped
25398.3 scom 25288 4 scom 0.43% 1.00% In Tolerance
5147.75 scom 5116.58 sccm 0.61% 1.00% In Talerance:
1558.54 scom 1575.892 scem 0.8% 1.00% Ins Tolerance
224°C 224"C - +0.8°C In Tolerance
750 mmHg 750 mmHg - £ 3.5 mmHg In Tolerance
Mesa Laboratories Standards Used
Dascription Standard Serial Mumbar Calibration Date Calibration Due Date
ML-800-44 101897 03-May-2019 02-May-2020
Percision Thar monmeler 05460 02-Ciel-2018 02-0ct-2019
Precision Baromelar 2981302 18~Jul-2018 18-Jul-2019

Calibratien Notes

The expanded uncertainty of flow, temperature, and pressure measuréments all have a coverage factor of k = 2 for & confidenca
interval of approximately 95%.

Flow testing is in accordance with our test number PR18-13 with an expanded uncertainty of 0.18% using high-purity nitrogen ar
filtered laboratory air. Flow readings in scem are performed at STP of 21.1°C and 760 mmHg.

Pressure testing is in accordance with aur test number PR18-11 with an expanded uncerizinty of 016 mmHg.
Temperature testing is in accordance with cur test number PR18-12 with an expanded uncertainty of 0.04 *C.

Traceability to the International Systern of Units (51) is verified by accreditation to ISOVEC 17025 by NVLAF under NVLAF Code
200661-0.

Technizian Motes:
By

n

Mohammed Aziz
Director of Engineering
Mesa Laboralores, Inc., Butler, MJ

Mess Laboratories inc. 10 Perk Flace Buller, NJ 07406 USA,
(873) 402-8400 F.AX (97 3) 492-8270 wwow. mesalabes. com Symbol “MLAB" on the NAS

Zol 2 CALC2-48 Rew GD&
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Mesal abs

Calibration

Calibration Certificate

CertificateNo. 317765 Sold To: Alr Resourcs Spacialists, Inc
Product 200-220L Definer 220 Low Flow 1801 Sharp Point Drive Ste F
Serial No. 123077 Fort Golling, GO 80525

Cal. Date 12-Jun-2019 us

All calibrations are performed a1 Mesa Laboratorias, Inc., 10 Park Place, Butler, MJ, 07405, an IS0 17025:2005 accredited labaratory
through NWVLAP of NIST. This report shall not be reproducad except in full without the written approval of the laboratory. Results only
relate to the iterms calibrated. This report must not be used to claim product certification, approval, or endorsement by NVLAPR, NIST, or
any agency of the Federal Government,

As Received Calibration Data

Lab. Pressure 750 mmHg

Technician Lillanna Malinowska Lab. Temperature  21.9°C
Instrument Readmg Lab Standard Reading Dieviation Allowable Deviation As Beceived
0 soom 479.38 scem =100, 0% 1.00% Qut of Tolerancs
0 scem 108.35 sccm =100.0% 1.00% Out of Tolerance
0 sccm 33.59 scem -100.0% 1.00% Out of Tolerance
21.8°C 221 °C - + 0.8°C In Tolerance
749 mmHg 749 mmHg - + 3.5 mmHg In Talerance
Mesa Laboratories Standards Used
Descriptan Standard Serial Mumber Calibraton Date Calibration Dus Date
ML-800-10 105329 21-Dee-2018 21-Dec-2019
Parcision Thermometer 305460 02-0ct-2018 02-0ct-2018
Precision Baromeater 2861302 18-Jul-2018 18-Jul-2019

Mosa Labaratories inc. 10 Park Place Buller, NJ 07405 USa
(873) 4592-8400 FAX [873) 482-8270 wenw.masalabs com Symbol “MLAB" on the NAS

1al2 GALOZ-48 Reav G5
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MesaLabs NVLAP Lab Code 200661-0

Calibration

As Shipped Calibration Data

Certificate No 317785 Lab. Pressure 750 mmHg

Technician Liianna Malinowska Lab. Temperature  21.3°C
Instrument Reading Lab Standard Reading Deviation Allowable Deviation As Shipped
483.31 scem 479 65 sccm 0.76% 1.00% In Tolerancs
10869 scem 108 41 sccm 0.26% 1.00% In Toderance
33.62 scom 33.56 sLcm 0.18% 1.00% In Toderanca
224°C 22.4°C - +08°C In Tolerance
T50 mmHg 750 mmHg - £ 3.5 mmHg In Toleranca

Mesa Laboratories Standards Used

Deseription Standard Sarial Humbar Calibration Date Calibration Due Date
ML-800-10 105328 21-Dec-2018 21-Dec-2018
Percision Thermometer 305460 02-0ci-2018 02-Ct-2019
Pregision Barometar 2951392 18- Jul-2018 18-Jul-2019
Calibration Notes

The expanded uncertainty of fiow, temperature, and pressure measurements all have a coverage factor of k = 2 for a confidence
intarval ef approximately 95%.

Flow testing is in accordance with our test number PR18-13 with an expanded uncertainly of 0.18% using high-purity nitrogen or
filtered laboratory air. Flow readings in sccm are performed at STF of 21.17C and T80 mmHg.

Pressure testing is in accordance with our test number PR18-11 with an expanded uncertainty of 0.16 mmHg.
Ternperature testing is in accordance with our test number PR18-12 with an axpanded uncertainty of 0.04 °C,

Traceability to the Intermational System of Units (S1) Is verified by accreditation to ISDVIEC 17025 by NVLAP under NVLAP Caode
200661-0.

Technician Motes:
By:

n

Mohammed Aziz
Director of Enginesering
Mesa Laboratories, Inc., Butler, NJ

esa Labarataries Inc. 10 Park Placs Butler, NJ 0?405 LJS»'-
(973} 49E-8400 FAX [‘3?3} A42-8270 wanw.mesalabs.com Symbol MLAB" on tha MNAS

2of2 CALDZ-48 Rev GOS
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/'T'\ MICHD PRECISION CALIBRATION IMC

W _} " 12071 Tejon Strest Suite # 100
; Wasiminster Colorado BO234
!:? PRECISIDN T20-835-4470
Certificate of Calibration
Date: Sep 18, 2019 Cert No. 5512200832204568
Customer:
AlR RESOURCE SPECIALISTS

1901 SHARP POINT DRIVE, SUITE F
FORT COLLINS CO 80525

Wiork Qrder #: A
MPC Contral #:  CHZTST : Serial Number: 308287
Asset 1D: CH2787 Department: A
Gage Type: DIGITAL THERMOMETER Parformad By: JERROD SALAZAR
Manufaciuner: EUTECHNICS Recelved Condition:  IN TOLERANCE
Model Number: 4400 Returned Condition:  IN TOLERAMCE
Size: =2 TO130 DEGC Cal. Date: September 18, 2019
Temp/RH: 21.5°C [ 34.0% Cal. Interval: 12 MONTHS
Lacation: Calibration performed at MPC facility Cal. Due Date: September 18, 2020

Calibration Notes:
Updated the vendor information from MPC-GY to MPC-DEM. This Cert Raplaces Cart # 551220083220438.

Test Points
Seq. [Dascription Standard  Tolerance - Toderance +  As Found As Left UOM Result Uncartainby
1 TEST POINT 10,00 0,05 .95 <002 -10.02 = Paszed 0.0%4
2 TEST POINT 0.00 -0.05 005 oo o2 G Paszad oo
3 TEST POINT 10.00 996 10,05 8.e8 B8 ] Paszad .01
4 TESTPOINT 6500 64,95 85,08 65.00 G3.00 c Pasged 0014
& TESTPOINT 120,00 118.85 12005 115.99 119.99 c FPassed 0014
Standards Used to Calibrate Equipment
1.D. Description. Model Sarial Manufacturer Cal. Due Date  Traceability #
DR3180 DRY WELL CALIBRATOR 107 A23ITI HART SCIENTIFIC Sap 30 2020 551220043197361
DRans2 THERMOMETER READOUT 1520 Wi5162 B25661 FLUKE Aupg 31, 2020 BR1Z20083156238

WIFROBE

Calibrating Techniclan: Qc Approval: e ¥=
% ; ;%FW ¢ Mesrs

JERROD SALAZAR ROBERT MEANS
f P o1 Pl Thar arscutuiery of bt bt wher o] ol i LA L And 121 R 4 BAOEd 1 BEET g
prabssbliy of Mess-gcoepl doe. red meoed T corvplies = mmam
Thes shsiers wf ool ah Pr doisilanis cilleda bs faponed an
PASE - Corpien! Wil Iacicats .
FALL.- ot campiant wen e ofratoa,
FAINE - The rwwipd b b ol s S aorep o Snks . Hawwver, & peres of e soaes o
PRS- The messued ke & winin accectrce: s Howrr, -mﬂh-wmﬂrmnﬂhmnmm
Thea srperted SCErEny o Teameareed by et o Fur ek ety o Tacka k=3 which for a1 v L i K. el vhrwin
m.mmmwmmmmuwmmmwmnnﬁznimm [ ] g e A e b
PaChu iy B s B SLNFSE! 1 490 Gl ol ol e belore B e schedubsd cubbroion. Mrcalteetne cyvies shrak b besed ve ey o e, Wﬂmmmm”mﬂm

L rwoeachs 12 5 Feough s Ustormd Inavde 3 Mordavis ad ook (HHT | sk smonydem] skl i FETd b LRl BLaarser Soanscan Irefnscsion ped eea s e
e 1 T W Ry 00 o The e 1z e s ool 12 12 i i, Wy s b preiorad i, o v el o e sl B i P Clivuion iy
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MICRO PRECISION CALIBRATION NG
(’T'\ MICRO 12071 Tejon Street Suita # 100
-2 WWesIminstar Coioredn B34

W PRECISION Lyl
Certificate of Calibration

Date: Sep 18, 2019 Cert No, 551220083220468
Procedures Used in this Event

Procedure Name Description
MPC-TEM-001 Rev. 02 Temperaiure Sensors and Indicators, Genaral

Calibrating Technician: . ~ QC Approval: ﬁ’W }" fﬁgﬁw’}"

JERROD SALAZAR ROBERT MEANS
| Pase o Fall £ sncarisinty of s (3w e iy oo v L L] ol A7 ek 0
of Fam-gcrapd oy ol saneer] PR e sl vk AHERHCHL 2RO0HIT00
[, ..r,...-::.......un.. crliacia La raporisd s

wpecrioiin.
I3 - Wi el i 5 Pl it (S il Howerome, 0 perion o tha avaed Umcertmesy o! wmumrvrse] o BT i wikin B ioeried ok roe
PASEE - Tha mactasd v 8 wabin sccaginecs i, Fowevee 8 pasbin f D mupsevied Aty o SErareRen I 354 arions N 5eie] s,

Thm D P TSty 7 e e gk 08 B yaeband sadanty of et e e Culiplec by e covecage feoo b=, which o e probabitly of 3
wMmmm.mmm:mmm;wmm—ummm“uwmwﬁmum“ Pyt sk A
tarsn ey £RsS ar. sk ank o of ikenns balom s rad schecuod oo, —-—u-u L ca M

w rncmutie i 51 ek P Neborss irakriule of Slerdonts s Sebeokigy |MET) s lml-r-i-d'—*d— rica aad s

o2 e e L Biky (0 oy 1 |||.mm“mmn-ln'Ili-l._'.l“mmmhmnwﬂwnllﬂ“htm-ﬂdm-hvmm
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rn-llron“: CERTIFICATE of CALIBRATION ;ﬁ;

n‘l‘

MEASUREMENT SCLUTIONS A5804 :— 5 [accrebiTED)
135 Engineers Rd Sulte 150 T x‘\‘
Hauppauge, MY 11788 Fage 1 of 1 i CERT #5611.01
Product: HE2-33 Customer: Air Resource Speclallsts
SIN: 20038831 1801 Sharp Point Dr
Manufacturer: FRotranic AG Fort Collins CO 80525-4429
Specifications Ses report below
Lab. Conditions 23+ 2°C [ 404 25 URH Account: 002356  Order: 100030

Tha abova mantionad instrurnent was calibrated in complianca with ISOMEC 17025 and ANSIMNCEL Z540-1 using Rotronic Inatrument
Corp laboratory procedures, All measurements are traceable 1o the Intarnational Systerm af Units (31) through NIST or other nalicnal
metrelegy irstitutas. The measurament uncartainty values (U k=2) reported were astimated for a coverage factor of k=2, which
approsimates a 85% confidence level. The Test Lincedainty Ratio (TUR) is reported for @ach calibration point an this cedificate. The Limit
walue represents the spedified instrument performance. When calculating the Limit value for As Found data the specified drift value for 1
year Is used. The measurement uncertainty has been taken infe account when stating compliance o the Limit value, A guardband
calculation is performed to limit the False Accept Risk to less than 2%. Calibration results relste only to the instrument callbrated.

Parameter Unit Generator Run Type  Ref. uuT Errer U ([k=2) Limit Result TUR

Temperature  *C TOO AsFound 24.43 24.41 -0.02 +007 +0.18 P 261
Humidity %RH TOO AsFound 031 0.09 022 +029 151 P 521
Humidity %RH T10 AsFound 11.03 10,68 .34 030 151 P 5.0:1
Humidity YaRH T35 AsFound 3508 3483 046 £035 152 P 4.3:1
Humidity %RH T8O AsFound 79.94 7938 058 059 *159 P 271
Temperature “C T Asleft 24 29 24.26 .03 007 X014 P 2.0:1
Hurnidity %RH TOD AslLeft D32 0.32 000 +029 +£047 P 331
Humidity %RH T10 AslLeft 11,10 11.12 002 +030 £0497 P 321
Hurmidity YaRH T35 AsLel 3511 35.20 008 035 fom® P 281
Humidity dRH Tad AsLeft 7847 7a96 H61 458 140 P 1.8:1

NOTE: In the Result column P indicates Pass, F indicates Fail, | indicates Indeterminate. Indeterminate results are error
values which are less than tha specifiad limit but excead tha guardband limit.

859.00 in UUT column indicates UUT failure, Disregard all measured values for that calibration point.
Calibration References: see Generator column in the above report for each individual calibration point

TOD to T&Y: Temperature measured with Fluke Digital Themmometer mod. 1604 SiW ABBE3T (due Feb. 24, 2000) and Fluke Bead Probe
mmod. 56114 5™ B9225036 (due March 4, 20200.T0D ta TBO: Dew or frost point measured with RH Systems Dew Point Mimor mod. 373
5/ 16-0116 (due May &, 2020)

Y
J xfjﬁ?” Date 111372019
Callbpation Tachnici

This decument shall not be reproduced, excapt in full, without the written app! of Rotronic |Astrement Corp.
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./1‘\ o] e MICRD PRECISION CALIBRATION ING
MICRO 12074 Tajon Street Suite # 100

[/ PRECISION Whgtasemiar S Y0234
Certificate of Calibration
Date: Aug 22, 2018 Cert No. 551Z20083177209
Customer:

AIR RESOURCE SPECIALISTS

1801 SHARF POINT DRIVE, SUITE F
FORT COLLINS CO B0525

Work Order #: DEN-1500087
Purchase Order#  A33366
MPC Control #:  DF4663 Serlal Number: TOSTATOS
Assel |D: BiA Department: MiA
Gage Type: DIGITAL PRESSURE INDICATOR Parformed By: JERROD SALATAR
Manufacturer: DRUCK INC Received Condition: 1N TOLERANCE
Medel Number:  DPI 705 Retumed Condition: N TOLERANCE
Siza: 30 PSIA Cal. Date: August 22, 2019
Temp/RH: 20.8°C f42.0% Cal. Interval: 12 MONTHS
Location: Calibration performed at MPC facility Cal. Due Date: August 22, 2020
Calibration Motes:
Standards Used to Calibrate Equipment
1.0. Description. Madal Serial Manufaciurer Cal. Due Dete  Traceability £
CC4100 AlR DATA CALIBRATOR a2 ain KING NUTRONICS Aug 31, 28 551220081517428
Procedures Used in this Event
Procedure Name Description
MPC-000EZ Rev, D4 Prassure end Yacuum, General, June-23-2016 revid

Calibrating Technician: _“-\J QC Approval: W

JERROD SALAZAR BRIAN GOLD
Siatewsinds of Pass o Foll Corfarmrnn: Th srorlsioy of rasswsmmart fea bear nhan i sorpar, . o ol AL n el et et 10w e
by o fans-uoca dosn nad maceed 1 I compiancs Wil ARGURGEL FR0-R0N.
Tha slakas of cowplisrcs with Lo acoe plancs coleets s reportsd sa:
FRag willy -

- Garephard will npmabiny,
FAKL - Rt omgia) mify B,
AL - Tha TERLLIE VR B 1 wEN 8 SCCOpRInc By, Hisyemr, & oris of et sfiraled it sty of rossussrment ol T27% o sihin e speciied inismncs
PSS . Th rasmres ok W SOStaCE BT, Fioever, B pOrce £l 1 cagaroad v o W ek tobrunca.
Trms i Wy o PR T ) R R T R LTSRN © TSSILRITAN Tarplss DY ' COVEDG BT ke aivl B i S el buon srengnds 10 Dovensge prossblit of approieusely B, b ot
tainc. This. coffrssionn Fpan ciepin i SCHIC: TR P01 prof AT MCEL 23003 Mot 860 Derda Somed £0 Tast Leoirsingy Aot Calamiion Do G sealiveg s Sk wars wbmisdarpresd by e nomrs: . by bense of
Encior ruy Crme as: sk o i e e e T $l] b R OTY PRI S 30, GIEONTISOGN COMGINE A3 CuSkaTe s 4N etk oy et proray, Ad ety
e baceatle b3 5 Fraugh the Kefioral imdee of Sandars and Techedlagy |HET) asdior recagriaes srsanal of iesskes (e ser0n s, Gerson o Toucs Pracer MAnEBOim’s MFAcE rerschin vl an sl
b s b Uiy Wity M) cbipen. The inforrmbon o b sspeel partala, oy 0 e imairerrest idenified , il rusy nos be mpracuced o a0 i @ el el e i wrien el of Sha g MP Calirson Laoorymsy,
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R.M. Young Company
1801 Asro Park Drive
Traverse Ciry, Michigan 49685 LISA

YOUNG

CERTIFICATE OF CALIBRATION AND TESTING

Model: 18802
Sarial Number. CA03358

R. M. Young Company certifies that the above equipment was inspected and calibrated prior to shipment in
accardance with established manufacturing and testing procedures. Standards established by R.M. Young
Company for calibrating the measuring and test equipment used in controlling product quality are tracesble to the

Description: Anemometer Drive - 200 to 15000 RFM
(Comprizad of 188204 Canirel Unit and 183304 Motor Assembly]

Matignal Institute of Standards and Technology.

MWominal 271060 Cutput
Mator RPM Frequency Calculated Indicated

RPM Hz (1) RPM (2) RPM (3)
300 50 300 aan
2700 450 2700 2700
5100 B850 5100 5100
TEM 1250 7500 7500
10200 1700 10200 10200

12600 2100 12600 12600

15000 2500 15000 15000

] Clncimise and Counterclockwise ratation verfied,

(1) Measured output frequency of YOUNG model 271060 standard anemomeler attachad to mator

shaft.

(2) YOUNG model 271060 produces 10 pulsed per revolution of the anemometer shaft,

{3} Indicated on the

Coniral Unit LCD.

* Indicates out of tolerance.

[Ihew unit

|Z|5m‘i'ce 4 Repair Unit

[] o calibration adjustments reguired

Traceable frequancy meter used for callbration:

Maodel: 344058

Date: 20 June 2018
Calibration Interval: Ona year

METEOROLOGICAL

Tested By :

[ 4s foumd
[]as let

Serial Mumber: TW4E280020

6

INSTRUMENTS

Tet 331-946-3580 Fax 231-946-4772 Email mat saleeflyoungusa com Webste: WUNUBS Eam

150 80012008 CERTIFIED
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apegee

INSTRUMENTS

721 West 1800 Morih
Logan, UT 84321

Certificate of Calibration
Apogee Instruments Pyranometer
Model SP-100/200/400 Series

Serial Number ! SP-110-55_568694

Calibration Date i Aug-2019
Recommended Recalibration Date Aug-2021

Calibration Uncertainty : +59%
Measurement Repeatability - =1%
Mon-stability (Long-term Drift) : < 2 % per year

Calibration Procedure

Callbration Is based on a side-by-side comparisan under high intensity discharge metal halide lamps using the maan of (&)
Apnges transfer standard pyranometars. Apogee transfer standards are calibrated to the mean of at least (2) 150-classified
reference pyranometars under sunlight {clear sky conditions) in Logan, Utah. Each of the four 1IS0-classified reference
pyranometars are recalibrated on an alternating year schedule (wo inslrumants per yvear) at the National Renewsable Energy
Laboratory {MREL) in Golden, Colorade. MREL refarence standards are calibrated 1o the World Radiomatric Referance (WRR)
in Daves, Switzerand,

Traceability
Referance Instrument Sarial Number IS0 9060 Classification
EKO Instruments MS80* S16088044 Spactrally Flal Class A
Kipp & Zonan Ch11 0B00Ea Spactrally Flat Class A
Kipp & Zonen CMP11 101625 Spectrally Flat Class A
Hukseflux SR20 24497 Spectrally Flat Class A
Apoges SP-110 31 Fasl Rasponsa Class C
Mpogoo EP 110 T82 Fas Naeaponas Claaa G
Apogee SP-110 TS3 Fast Response Class G
Apoges SP-110 TS54 Fast Responsa Class C

"MES0 purchesed new in 2017, Initia? calibration condugled by EKD Instrumants with traceablizy 1o the Waorld Radiomalric Referenca.

Technical Manager : Mﬁfg\ﬂmﬂ Date : 20-Aug-2019

Please keep this document for your records

Website: www.apogesinstruments.com E-mail: techsupportiapogeeinstruments.com Ph: (435)792-4700 Fax: (435)7687-8268
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L NVIAD

Mesa La bs NMVLAP Lab Code 200661-0

Calibration
Calibration Certificate
CertificateNo, 318435 Sold To: Alr Resource Specdialists, Inc.
Product 200-220H Definer 220 High Flow 1801 Sharp Paint Drive Ste F
Serial No. 122097 Fort Calfins, CO 80525

Cal. Date 18-Jun-2018 us

All calibrations are performed at Mesa Labaratories, Inc,, 10 Park Place, Butler, NJ, 07405, an IS0 17025:2005 accredited laboratory
through NVLAP of NIST. This report shall not be reproduced except In full without the written appraval of the labaratory. Results only
relate to the ilems calibrated. This report must not ba wsed to claim product certificstion, approval, or endorsameant by NVLAF, NIST, or
any agency of the Federal Government.

As Received Calibration Data

Lab. Pressure mmHg
Technician Lab. Temperature 22,6 °C
Instrument Reading Lab Standard Reading Deviation Allowable Deviation As Recelved
sCem SLEM 1.00%
sccm SCCM 1.00%
SCCm SCCMmM 1.00%
_c Les - +0.8%C
mmHg mmHg - 4 3.5 mmHg
Mesa Laboratories Standards Used
Description Standard Jerial Mumber Calibration Date Calibration Due Date

Percision Thermometer
Precision Barometer

Laboratories Inc. 10 Park Place Butler, NJ 07405 LISA
(AT3) 192-&100 Fa (373) 492-B270 wiwwi. magalabs com Syrbal “MLAE" on the MAS

1ei2 CALDZ-48 Rev GOS
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L NVIAD

Mesalabs

Calibration

As Shipped Calibration Data

Certificate No 16435 Lab. Prassura 750 mmHg
Technician Lilianna Malinowska Lab. Temperature  22.6°C
Instrument Feading Lab Standard Reading Daviation Allcwable Deviation As Bhipped
25386_3 soom 252808 4 sccm 0.43% 1.00% In Tolerance
5147.75 scem 5116.58 sccm 0.61% 1.00% In Tolerance
1588.54 scom 1575.92 sccm 0.8% 1.00%: In Tolerance
224°C 224 °C - +0.8°C In Tolarance
750 mmHg 750 mmHg - + 3.5 mmHg In Tolarance

Mesa Laboratories Standards Used

Dascription Standard Serlal Numbar Calibration Date Calibration Due Date
WL-800-44 101887 03-May-2019 02-May-2020
Percision Tharmometes 305460 02-0c1-2018 02-Oct-2010
Precision Barometer 2981382 18-Jul-2018 18-Jul-2019
Calibration Notes

The expandad uncertainty of flow, temperature, and pressure measurements all have a coverage factor of k = 2 for a confidenca
imterval of approximately 95%.

Flow testing is in accordance with our test number PR18-13 with an expanded uncertainty of 0.18% using high-purity nifrogen or
filtered laboratory air. Flow readings In scem are performed at STP of 21.1°C and 760 mmHg.

Pressure testing is in accordance with our test number PR18-11 with an expanded uncertsinty of 0.18 mmHg.
Temperature testing is in accordance with our test number PR18-12 with an expanded uncertainty of 0.04 °C.

Traceability to tha International System of Units (S1) is verified by accreditation to 1SOMEC 17025 by NVLAF under NVLAP Code
200661-0.

Technician Motes:
By

Mohammed Aziz
Director of Enginesring
Mesa Laboratonies, Inc., Butler, NJ

Mesa Laboratories inc. 10 Perk Flace Butller, NJ 07405 USA
(B73) 482-A400 FAX (373) 492-8270 wwaw mesalabs. com Symbol WLAS" on the NAS

2al2 CALC2-48 Revw GO&
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APPENDIX E

EEMS PE Audit of the
Mammoth Cave National Park (MAC426) Site
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PRELIMINARY PE THROUGH-THE-PROBE AUDIT REPORT
EEMS Van-3

Site Name:
Auditor:
Station Manager:

Instrument:
Manufacturer:
Model:

Serial Number:
Calibration Date:
Slope:

Intercept (PPM):

Instrument:
Manufacturer/Model #
Property Number:
Calibration Date:
Slope/intercept (PPB):
Indicated Flow (LPM):
In-Line Filter Change:
Manifold Type:

OZOMNE REFPORT
MAC428
Korey Devins (EEMS)
Mike Slate (ARS) ! Johnathan Jemigan (operator)

MOBILE PE LAB INSTRUMENTS

Ozone co
Thermo ]
45i-A1ZCA ]
1180030022 ]
0114720 1/0/1900
09995 ]
0.0002901 1]

STATION INSTRUMENT INFORMATION
Ozone
TEI | 49i-A3NAA

1030745085

0D5/16/20

0.0000 |

QF7TIoaT

Dar1as20
114 " Teflon

0.0000

PRELIMINARY OZONE AUDIT RESULTS

Airs 1D: 210610501
Audit Date: 08/19/20

Mabile Lab O3 Concentration Site Response (ppm) Percent Difference
(ppm)
0.10957 0.10865 -0.8
0.06589 0.06520 -1.0
0.03316 0.03278 1.1
0.01419 0.01406 -0.9
0.00001 0.00033
Pass/Fail Warning Auditar Karey Devins
O3 Audit Level & Pass Forast . sy Print
03 Audit Level 4 Pass o) s
O3 Audit Level 3 Pass Signature
O3 Audit Level 2 Pass
O3 Audit Lewvel 1 MNiA Tim Sharac
EPA person notified i case of audit fadure
Awudit Limits
Pass Bias = +15.1% OR difference from actual concentration = 24 hour allowable drift {0.003 ppm)
Fail Bias > £15.1% AMD difference from actual concentration = 24 hour allowable drift (0.003 ppm)
Waming Bias = +10% AMND difference from actual concentration = 0.0015 ppm
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APPENDIX F

EEMS Field Systems Audit (FSA) of the
Mammoth Cave National Park (MAC426) Site

Extracted from the 4" quarter audit report available at:
https://www.epa.gov/sites/production/files/2020-03/documents/2019-4th quarter report 0.pdf



https://www.epa.gov/sites/production/files/2020-03/documents/2019-4th_quarter_report_0.pdf

Site Inventory by Site Visit

Site Visit Date Parameter Mfe Owner ID Model Number Serial Number
MAC426-Eric Hebert-10/17/2019
1 10M17/2019 Computer Hewlett Packard none 6560 b 5CB1520H70
2 101772019 DAS Environmental Sys Corp none 8832 unknown4
3 10/17/2019 Elevation Elevation None 1 None
4 10/17/2019 Filter pack flow pump Thomas none 107CAB18B 070000012920
5 10M17/2019 Flow Rate Tylan none FC280 AW02213006
6 10/17/2019 Infrastructure Infrastructure none none none
7 101772019 Met tower Climatronics none illegible illegible
8 10M7/2019 MFC power supply Tylan 03677 RO-32 illegible
9 10M7/2019 Ozone ThermokElectron Inc none 490 A3NAA 1030745085
10  10M17/2019 Ozone Standard ThermokElectron Inc none 491 ATNAA 1015543081
11 10M7/2019 Sample Tower Aluma Tower none B none
12 10M7/2019 Shelter Temperature ARS 60 none none
13 10M7/2019 Siting Criteria Siting Criteria None 1 None
14  10M7/2019 TemperatureZmeter RM Young none 41342 15104
15 10M7/2019 Zero air pump Werther International none PC70/4 606489
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DAS Data Form

DAS Time Max Error: 0.73

Mfg Serial Number Site Technician Site Visit Date Parameter Use Desc
Environmental Sys \ \unknown4 HMAC426 \ \Eric Hebert H1 0r17/2019 HDAS HPrimary |
Das Date: 10M17/2019 Audit Date 10/17/2019 Mfg Fluke Parameter
Das Time: 10:45:16 Audit Time 10:46:00 ) T ’DVIVI—|
Das Day: Audit Day jl Serial Number Tfer Desc.
01311
Low Channel: High Channel: Lfer 1D
Avg Diff: Max Diff: Avg Diff: Max Diff: Slope 1.00000 Intercept 0.00000
\ 0.0000 | 0.0001] | 0.000q] | 0.0001]
Cert Date 1/25/2019, CorrCoff 1.00000
Mfg Parameter
Serial Number (15510194 Tfer Desc. [Source generator (D
Tfer ID 01320
Slope 1.00000 TIntercept 0.00000
Channel Input DVM Output DAS Output InputUnit OutputUnit Difference
1 0.0000 0.0000 0.0000 v V 0.0000
1 0.1000 0.0998 0.0999 v v 0.0001
1 0.3000 0.2997 0.2997 v V 0.0000
1 0.5000 0.4996 0.4996 v V 0.0000
1 0.7000 0.6995 0.6995 v V 0.0000
1 0.9000 0.8994 0.8993 v V -0.0001
1 1.0000 0.9992 0.9992 v V 0.0000
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Flow Data Form

Mfg Serial Number Tag Site Technician Site Visit Date Parameter Owner 1D
Tylan | AW02213005 | MAC4z26 |Eric Hebert [1017/2019 | Flow Rate Hnone ‘
Mite Fy'a” ‘ Mfg ’BIOS—‘ Parameter[FlowRate |
SN/Owner ID [legible 03677 | Serial Number Tfer Desc.

Parameter: ‘IVIFC power supply ‘ Tfer ID ’W‘
Slope Intercept
Cert Date ’m‘ CorrCoff ’W‘
DAS 1: DAS 2: Cal Factor Zero

A Avg % Diff: A Max % Dif A Avg %Diff A Max % Dif

Cal Factor Full Scale

| 5.03%) | 5.03% | | | | Rotometer Reading:

Desc. Testtype | Inputl/m Input Corr | MfcDisp. | OutputSignal Output S E | InputUnit OutputSignall PetDifference
primary pump off 0.000 0.000 -0.13 0.0000 -0.08 l/m l/m
primary leak check 0.000 0.000 -0.03 0.0000 0.03 I/im l/m
primary testpt 1 1.594 1.590 1.34 0.0000 1.51 I/m 1/m -5.03%
primary test pt 2 1.594 1.590 1.34 0.0000 1.51 I/m l/m -5.03%
primary test pt 3 1.593 1.590 1.34 0.0000 1.51 I/m 1/m -5.03%

Sensor Component |Leak Test ‘ Condition ‘ Status ‘pass ‘

Sensor Component ITUbing Condition

| Condition Good

Sensor Component |Fi|ter Position

‘ Condition ‘POOF

Sensor Component |Rotometer Condition

‘ Condition ‘Clean and dry

Sensor Component |Moisture Present

‘ Condition ‘See comments

Sensor Component |Fi|ter Distance

‘ Condition ‘7.0 cm

Sensor Component |Fi|ter Depth

-2.0cm

‘ Condition

Sensor Component |Fi|ter Azimuth

| Condition Not tested

Sensor Component |System Memo

‘ Condition ‘

Status ‘pass

Status ‘Fail

Status ‘pass

Status ‘pass

Status ‘pass

Status ‘Fail

Status ‘pass

Status ‘pass
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Ozone Data Form

Mfg Serial Number Tag Site Technician Site Visit Date Parameter Owner 1D
ThermoElectron Inc | 1030745085 | MAC4z26 |Eric Hebert [1017/2019 | [Ozone jnone |
Slope: 0.98781) Slope: 0.0000q] Mfg hermoElectron Inc | Parameterjozone |

Intercept 2.24646| Intercept 0.00000
CorrCoff: 0.99999] CorrCoff: 0.00000

Serial Number [1180030022 Tfer Desc. [Ozone primary stan

Tter ID 01114
past: DS
A Avg % Diff: A Max % Dif A Avg %Diff A Max % Dif
‘ 0.0%| | 0.0%) | | | ‘ Cert Date 6/11/2019| CorrCoff 1.00000
UseDescription | ConcGroup Tfer Raw Tfer Corr Site Site Unit RelPerDif AbsDif
primary 1 0.40 0.12 2.50 ppb 238
primary 2 14.16 13.91 15.77 ppb 1.86
primary 3 31.86 31.63 33.47 ppb 5.65
primary 4 68.28 68.11 69.70 ppb 231
primary 5 115.42 11533 11610 ppb 0.67

Sensor Component Sample Train

Sensor Component 22.5 degree rule

Sensor Component Inlet Filter Condition

Sensor Component Battery Backup

Sensor Component Offset

Condition ‘G ood

Condition ‘

Condition ‘Moderately clean

Condition ‘N/A

Condition |-3.1

Sensor Component Span

Condition ‘1 .005

Sensor Component Zero Voltage

Condition ‘N/A

Sensor Component Fullscale Voltage

Condition N/A

Sensor Component Cell A Freg.

Condition ‘1 22.4 kHz

Sensor Component Cell A Noise

Condition 0.9 ppb

Sensor Component Cell A Flow

Condition 0.78 lpm

Sensor Component Cell A Pressure

Condition 731.2 mmHg

Sensor Component Cell A Tmp.

Condition 340 C

Sensor Component Cell B Freg.

Condition ‘99.3 kHz

Sensor Component Cell B Noise

Condition 0.6 ppb

Sensor Component Cell B Flow

Condition 0.78 lm

Sensor Component Cell B Pressure

Condition 730.6 mmHg

Sensor Component Cell B Tmp.

Condition ‘N/A

Sensor Component Line Loss

Condition ‘< 1%

Sensor Component System Memo

Condition ‘

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass

Status |pass




2 Meter Temperature Data Form Calc. Difference

Mfg Serial Number Tag Site Technician Site Visit Date Parameter Owner 1D

RM Young 15104 | MAC4z26 |Eric Hebert [1017/2019 | Temperature2meter | none
Mfg ’W‘ Parameter
Serial Number Tfer Desc.

Tfer ID 01227

1.00733 0.14497
DAS I: DAS 2: Slope Intercept | 014497
Abs Avg Err  Abs Max Err  Abs Avg Err Abs Max Err | Cert Date 21272019 CorrCoff 1.00000

\ 0.22 | 0.57 | | | \

UseDescription Test type InputTmpRaw | InputTmpCorrected | OutputTmpSignal OutputSignalEng | OSE Unit | Difference
primary Temp Low Rang 0.20 0.05 0.0000 0.62C 0.57
primary Temp Mid Range 27.28 26.94 0.0000 26.87C -0.07

Timary Temp High Rang 48.29 47.79 0.0000 47.82,C 0.03

Sensor Component |Proper|y Sited ‘ Condition ‘PI’OPEHY sited | Status ‘pass ‘
Sensor Component |Shi8|d ‘ Condition ‘Moderately clean | Status ‘pass ‘
Sensor Component |B|OW6T ‘ Condition ‘Functioning | Status ‘pass ‘
Sensor Component |B|0WEF Status Switch ‘ Condition ‘N/A | Status ‘pass ‘
Sensor Component |System Memo ‘ Condition ‘ | Status ‘pass ‘
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Shelter Temperature Data For

Mfg Serial Number Tag Site Technician Site Visit Date Parameter Owner 1D
ARS | hone MAC426 |Eric Hebert [1017/2019 | Shelter Temperature |60

DAS1: DAS 2: Mfg Extech Parameter Shelter Temperature
Abs Avg Err  Abs Max Err Abs Avg Err  Abs Max Err

‘ 0.32 | 0.53 | | | ‘ Serial Number Tfer Desc. __

Tfer ID 01227

Slope 1.00733 Intercept 0.14497
Cert Date 21212019, CorrCoff 1.00000|

UseDesc. Test type InputTmpRaw | InputTmpCorr. | OutputTmpSignal | OutputSignalEng | OSE Unit | Difference
primary  Temp Mid Range 26.18 25.85 0.000 25.7 C -0.11
primary  Temp Mid Range 25.31 2498 0.000 25.5 C 0.53

Sensor Component [System Memo Condition | Status pass
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Infrastructure Data For

Site ID A4 26 Technician [Etic Hehert Site Visit Date [1001772019
Shelier Make Shelter Model Shelter Size
custam R 1536 cuft

Sensor Component |Samp|e Tower Type

| Condition [Type B

Sensor Component |CUndUiT

| Condition [Good

Sensor Component |MET Towver

| Condition [Good

Sensor Component |h-'1 oisture Trap

| Condition [nstalled

Sensor Component |PUWEF Cables

| Condition [Good

Sensor Component [Shelter Temp Control

| Condition |Funn:tioning

Sensor Component |RUTU rmeter

| Condition [nstalled

Sensor Component |8ar‘np|e Tower

| Condition [Good

Sensor Component |ShE|tEI’ Condition

| Condition [Good

Sensor Component |ShEItEI’ Door

| Condition [Good

Sensor Component |ShEItEI’ Roof

| Condition [Good

Sensor Component |She|ter Floor

| Condition [Good

Sensor Component |Signal Cakle

| Condition [Good

Sensor Component ITLIbing Type

| Condition 38 teflon

Sensor Component |Samp|8 Train

| Condition [Good

Status [pass

Status [pass

Status [pass

Status pass

Status P35S

Status P353

Status D355

Status [pass

Status [pass

Status [pass

Status [pass

Status pass

Status pass

Status pass

Status pass

F-8




Site Visit Comments

Parameter Site Technician 8.V. Date Component Mfg Serial No. Hazard Problem

Flow Rate MACA26 Eric Hebert 10/17/2019  Moisture Present  Tylan 4410 U U
The filter sample tubing has drops of moisture in low sections outside the shelter.



Field Systems Comments

1 Parameter: SiteOpsProcComnmm
The site operator is very knowledgeable with air quality monitoring. He is doing a very good job with site activities and filter handling.
2 Parameter: SitingCriteriaCom

Bowling Green is within 40 km of the site. The site is ina hay field which is harvested twice per year. The area to the west and south is
comprised of livestoek farms including cattle and poultry.

3 Parameter: ShelterCleanNotes

The shelter is well maintained, clean, neat, and well organized.
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Field Systems Data Form F-02058-1500-S1-rev002
Site D MAC426 | Technician Site Visit Date [10117/2019 |

Site Sponsor (agency) ‘NF’S ‘ USGS Map ‘Rhoda ‘
Operating Group ‘NF’S ‘ Map Scale ‘ ‘
AQS # 21-061-0501 | Map Date \ |
Meteorological Type ‘Climatronics ‘
Air Pollutant Analyzer  [Ozone, SO2, NOy, Hg, IMPROVE, PM | QAPP Latitude 37.2806
Deposition Measurement \dry, wet, Hg ‘ QAPP Longitude ‘—86.2639

|

|

|

|
|
QAPP Elevation Meters \236 ‘
|
|

Land Use ‘agriculture, woodland - mixed

Terrain ‘FOH ing QAPP Declination ‘3

Conforms to MLM ‘Marginally QAPP Declination Date ‘1 2/27/2004

Site Telephone (270) 758-2136 | Audit Latitude \ 37.131794
Site Address 1 Alfred Cook Road | Audit Longitude \ -86.142953
Site Address 2 \ | Audit Elevation \ 230
County ‘Edmonson ‘ Audit Declination ‘-4.0 ‘
City, State ‘Smiths Grove, KY ‘ Present

Zip Code 42171 | Fire Extinguisher inspected March 2011 \
Time Zone Eastern | First Aid Kit \ |
Primary Operator ‘ ‘ Safety Glasses U ‘ ‘
Primary Op. Phone # ‘ ‘ Safety Hard Hat ] ‘ ‘
Primary Op. E-mail \ | Climbing Belt \ |
Backup Operator ‘ ‘ Security Fence ‘ ‘
Backup Op. Phone # ‘ ‘ Secure Shelter ‘ ‘
Backup Op. E-mail ‘ ‘ Stable Entry Steps ‘ ‘
Shelter Working Room ™! Make |custom ‘ Model ‘N/A | Shelter Size (1536 cuft ‘
Shelter Clean M Notes ‘The shelter is well maintained, clean, neat, and well organized. ‘
Site OK ™ Notes | |

Driving Directions From Bowling Green go east on 31W. Turn left (north) on 442 toward Pig. At the stop sign in Pig, turn right on route
259, or Brownsville Road. Continue approximately 1 mile, just past two churches (one on each side of the road).
Take the 2nd left past the church on the left onto Chaumount Road. Then take the first left onto Doyle Road.
Continue straight onto Alfred Cook Road. The site will be on the left approximately 0.6 miles.




Field Systems Data Form F-02058-1500-S3-rev002
Site D MAC426 | Technician Site Visit Date [10117/2019 |

1 Are wind speed and direction sensors sited so as to avoid N/A
being influenced by obstructions?

2 Are wind sensors mounted so as to minimize tower effects? N/A
(i.e. wind sensors should be mounted atop the tower or on a

horizontally extended boom >2x the max diameter of the
tower into the prevailing wind)

3 Are the tower and sensors plumb? N/A

4  Are the temperature shields pointed north or positioned to
avoid radiated heat sources such as buildings, walls, etc?

5 Are temperature and RH sensors sited to aveid unnatural
conditions? (i.e. ground below sensors should be natural

surface and not steeply sloped. Ridges, hollows, and areas of
standing water should be avoided)

6 Isthe solar radiation sensor plumb? N/A

7 Isit sited to avoid shading, or any artificial or reflected light? N/A

8 Is the rain gauge plumb? N/A

9 TIs it sited to avoid sheltering effects from buildings, trees, N/A
towers, etc?

10 TIs the surface wetness sensor sited with the grid surface N/A
facing north?

11 Isit inclined approximately 30 degrees? N/A

Provide any additional explanation (photograph or sketch if necessary) regarding conditions listed above, or any other features,
natural or man-made, that may affect the monitoring parameters:




Field Systems Data Form F-02058-1500-S2-rev002
Site D MAC426 | Technician Site Visit Date [10117/2019 |

Potential Interferent Minimum Distance From Measurement| Distance Pass =
Apparatus Checked
Large Point Source of SO2 or NOx 20 to 40 km v
[Major industrial complex 10 to 20 km
City > 50,000 population 40 km 35 km L
City 10,000 to 50,000 population 10 km
City 1,000 to 10,000 population 5 km
Major highway, airport or rail yard 2 km
Secondary road, heavily traveled 500 m
Secondary road, lightly traveled 200 m
Feedlot operations 500 m
[[ntensive agricultural ops (including aerial spraying) 500 m
Limited agricultural operations 200 m 10m L]
Large parking lot 200 m
Small parking lot 100 m
Tree line 50 m
Obstacles to wind 10 times obstacle height

Siting Distances OK

Siting Criteria Comment

Bowling Green is within 40 km of the site. The site is in a hay field which is harvested twice per year. The area to the west
and south is comprised of livestock farms including cattle and poultry.
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Field Systems Data Form F-02058-1500-S4-rev002
SiteID  MAC426 | Technician Site Visit Date [10/17/2019 |

1 Do all the meterological sensors appear to be intact, in good 2 meter Temperature only
condition, and well maintained?

2 Are all the meteorological sensors operational online, and 2 meter Temperature only
reporting data?

3 Are the shields for the temperature and RH sensors clean?

4  Are the aspirated motors working?

5 Is the solar radiation sensor's lens clean and free of N/A
scratches?

6 s the surface wetness sensor grid clean and undamaged? N/A

7  Are the sensor signal and power cables intact, in good

condition, and well maintained?

g Are the sensor signal and power cable connections protected
from the elements and well maintained?

Provide any additional explanation (photograph or sketch if necessary) regarding conditions listed above, or any other features,
natural or man-made, that may affect the monitoring parameters:




Field Systems Data Form F-02058-1500-S6-rev002
SiteID  MAC426 | Technician Site Visit Date [10/17/2019 |

DAS, sensor translators, and peripheral equipment operations and maintenance

1 Do the DAS instruments appear to be in good condition and
well maintained?

2 Are all the components of the DAS operational? (printers,
modem, backup, etc)
3 Do the analyzer and sensor signal leads pass through Met sensors only

lightning protection circuitry?

4  Are the signal connections protected from the weather and M
well maintained?

5  Are the signal leads connected to the correct DAS channel?

6 Are the DAS, sensor translators, and shelter properly
grounded?

7  Does the instrument shelter have a stable power source?

8 Is the instrument shelter temperature controlled?

9  Isthe met tower stable and grounded? Sabie Srauried
10 Is the sample tower stable and grounded?

11 Tower comments?

Provide any additional explanation (photograph or sketch if necessary) regarding conditions listed above, or any other features,
natural or man-made, that may affect the monitoring parameters:
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Field Systems Data Form F-02058-1500-S5-rev002
SiteID  MAC426 | Technician Site Visit Date [10/17/2019 |

Siting Criteria: Are the pollutant analyzers and deposition equipment sited in accordance with 40 CFR 58, Appendix E

1 Do the sample inlets have at least a 270 degree arc of
unrestricted airflow?

2 Are the sample inlets 3 - 15 meters above the ground?

3 Are the sample inlets > 1 meter from any major obstruction,
and 20 meters from trees?

Pollutant analvzers and deposition equipment operations and maintenance

1 Do the analyzers and equipment appear to be in good
condition and well maintained?

2 Are the analyzers and monitors operational, on-line, and
reporting data?
3 Describe ozone sample tube. 1/4 teflon by 10 meters
4 Describe dry dep sample tube. 3/8 teflon by 12 meters
5 Are in-line filters used in the ozone sample line? (if yes At inlet only
indicate location)
6  Are sample lines clean, free of kinks, moisture, and
obstructions?
7 Is the zero air supply desiccant unsaturated?
8 Are there moisture traps in the sample lines?

9 Is there a rotometer in the dry deposition filter line, and is it Clean and dry
clean?

Provide any additional explanation (photograph or sketch if necessary) regarding conditions listed above, or any other features,
natural or man-made, that may affect the monitoring parameters:




Field Systems Data Form F-02058-1500-S8-rev002
SiteID  MAC426 | Technician Site Visit Date [10/17/2019 |

Site operation procedures

1 Has the site operator attended a formal CASTNET training [v] |[Receives training every 6 months during calibration visits
course? If yes, when and who instructed?

2 Has the backup operator attended a formal CASTNET
training course? If yes, when and who instructed?

Receives training every 8 months during calibration visits

Kl

3 Is the site visited regularly on the required Tuesday
schedule?

4  Are the standard CASTNET operational procedures being
flollowed by the site operator?

5 Is the site operator(s) knowledgeable of, and able to perform

the required site activities? (including documentation)

Are regular operational QA/QC checks performed on meteorological instruments?

QC Check Performed Frequency Compliant
Multipoint Calibrations ‘Semiannually \
Visual Inspections N\leekly ‘
Translator Zero/Span Tests (climatronics) L1 A |
Manual Rain Gauge Test Monthly \
Confirm Reasonableness of Current Values N\leekly ‘
Test Surface Wetness Response IN/A \
Are regular operational QA/QC checks performed on the ozone analyzer?
QC Check Performed Frequency Compliant
Multi-point Calibrations [Semiannually ‘
Automatic Zero/Span Tests \Daily \ ¥
Manual Zero/Span Tests \Monthly \
Automatic Precision Level Tests \Daily \
Manual Precision Level Test [ \N/A \
Analyzer Diagnostics Tests \Alarm values only \
In-line Filter Replacement (at inlet) ‘Monthly \
In-line Filier Replacement (at analyze U A |
Sample Line Check for Dirt/Water Weekly |
Zero Air Desiccant Check Weekly |

1 Do multi-point calibration gases go through the complete
sample train including all filters?

2 Do automatic and manual z/s/p gasses go through the
complete sample train including all filters?

3 Are the automatic and manual z/s/p checks monitored and DataView
reported? If yes, how?

Provide any additional explanation (photograph or sketch if necessary) regarding conditions listed above, or any other features,
natural or man-made, that may affect the monitoring parameters:




Field Systems Data Form F-02058-1500-S7-rev002
SiteID  MAC426 | Technician Site Visit Date [10/17/2019 |

Documentation

Does the site have the required instrument and equipment manuals?

Yes No N/A Yes No N/A
Wind speed sensor L] [] Data logger L] []
Wind direction sensor UJ L] Data logger [ UJ
Temperature sensor v ] ] Strip chart recorder L] ]
Relative humidity sensor 0 ] Computer U 0
Solar radiation sensor U L] Modem L] [
Surface wetness sensor ] V] ] Printer U ]
Wind sensor translator UJ L] Zero air pump 0 0
Temperature translator ] [l Filter flow pump L] L]
Humidity sensor translator L] L] Surge protector [ L]
Solar radiation translator U L] UPS U L]
Tipping bucket rain gauge [ [] Lightning protection device U] []
Ozone analyzer L] [] Shelter heater L] L]
Filter pack flow controller I ] ] Shelter air conditioner ] ]
Filter pack MFC power supply L] L]

Does the site have the required and most recent QC documents and report forms?

Present Current
Station Log DataView?2
SSRF
Site Ops Manual
HASP | m
Field Ops Manual O ]
Calibration Reports
Ozone z/s/p Control Charts (] []
Preventive maintenance schedule [ ] L]

1 Is the station log properly completed during every site visit? DataView

2 Are the Site Status Report Forms being completed and
current?

3 Are the chain-of-custody forms properly used to document
sample transfer to and from lab?

4  Are ozone z/s/p control charts properly completed and [] [Control charts not used
current?

Provide any additional explanation (photograph or sketch if necessary) regarding conditions listed above, or any other features,

natural or man-made, that may affect the monitoring parameters:
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Field Systems Data Form F-02058-1500-S9-rev002
SiteID  MAC426 | Technician Site Visit Date [10/17/2019 |

Site operation procedures

1 T the filter pack being changed every Tuesday as scheduled? ¥ |Filter changed various times

2 Are the Site Status Report Forms being completed and filed
correctly?

3 Are data downloads and backups being performed as L] [No longer required
scheduled?

4  Are general observations being made and recorded? Fow? Wl ISSRF, logbook

5  Are site supplies on-hand and replenished in a timely
fashion?
6 Are sample flow rates recorded? How? SSRF

7  Are samples sent to the lab on a regular schedule in a timely
fashion?

8  Are filters protected from contamination during handling Clean gloves on and off

and shipping? How?
9  Are the site conditions reported regularly to the field U
operations manager or staff?

QC Check Performed Frequency Compliant
Multi-point MFC Calibrations [semiannually \
Flow System Leak Checks Weekly |
Filter Pack Inspection 0 ‘ ‘ u
Flow Rate Setting Checks ] NVeekIy \ W
Visual Check of Flow Rate Rotometer ¥ Weekly |
In-line Filter Inspection/Replacement Semiannually and as needed |
Sample Line Check for Dirt/Water Weekly |

Provide any additional explanation (photograph or sketch if necessary) regarding conditions listed above, or any other features,
natural or man-made, that may affect the monitoring parameters:

’The site operator is very knowledgeable with air quality monitoring. He is doing a very good job with site activities and filter handling.




Field Systems Data Form

Site ID |ru1Ac425

Site Visit Sensors

F-02058-1500-S10-rev002
| Technician Site Visit Date [10/17/2019

Parameier Manufacturer Muodel SN Client ID

[Computer |Hewtett Packard |[6560 B |[szB1520H70 | [hone |
[Das |[Emviranmental Sys Carplfgaaz | lunknownd | [none |
|Elevatiun ||Elevati0n ||1 ||N0ne | |Nnne |
[Fiter pack flaw purnp |Thomas |[in7caB1ER 07000001 2820 | lnane |
[Flaw Rate |mlan |Fcza0 |lmi0221 3005 | [none |
[Infrastructure |Infrastructure |lnone |[none | [none |
M et tower |[Climatronics [negibie |[inegible | jnone |
[MFC power supph |[Tylan |[Fo-22 |filegible | D377 |
[Ozane |ThermoElectran Ine |[48i AZMAA |[i03n7 45085 | [nane |
[ozone Standard |TherrmoElectron Inc |48 A1RAA |10 5543061 | jhone |
[Sarnple Tower [ lurma Tower B |[[none | [none |
[Shelter Temperature |lnRs |lhane |lnane | [5o |
[Siting Criteria ||5iting Criteria I |Mane | [Mane |
[Temparature2mater ||[FM ¥oung |l41242 15104 | [none |
[Fera air purmp |feverher International |PC704 | [ 4gg | [none |
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State Audit (NPAP) of the
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AnDvY BESHEAR Resecca W, Goooman
Governon SECRETARY
ENERGY AND ENVIRONMENT CABINET ATHOR T e
DEPARTMENT FOR ENVIRONMENTAL PROTECTION CouEIIoNER
300 SowsR BOUEVARD
FRANKFORT, KENTUCKY 40601
TELEPHONE: 502-564-2180
TELEFAX: 502-564-4245
February &, 2020

Johnathan Jernigan,
Office of Science and Management
PO, Box 7

Mammoth Cave Mational Park
Mammeoth Cave, Kentucky 42259

Dear Mr. Jernigan:

On January 22, 2020, personnel from the Kentucky Division for Air Quality's (KDAQ)
Technical Services Branch conducted performance audits of the air monitors located at the
Houchin Meadows site. The monitoring site is operated by the MNational Park Service at
Mammath Cave National Park.

The trace-level NO/NO, analyzer, trace level SO2 analyzer, CO analyzer, ozone analyzer,
and continuous PMz s TEOM all responded within EPA-recommended control limits.

The next audit of the Houchin Meadows site is scheduled to oceur in April 2020, If you
have any questions prior to that time, please feel free to contact me at (502) 782-6708.

Sincerely,
IR A
Jennifer F. Miller, Manager
Technical Services Branch
JFM/tem
Enclosures

CC: Mr. Timothy Pinion

An Equal Opportunity Employer MIF/ID
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Commonmealthof Kentucky
Energy and Enviconment Cablner

for Erri ! Protect
DIVISION FOR AIR QUALITY
SO, PERFORMANCE AUDIT FORM

ANALYZER 3ITE
Manulactnrer: Thermo AQS Site ID: 21-D61-0501
Ilodel Number: 43i Location: Mammoth Cave
[nvJSer. Number: 0820430687 Site Operator: Jernigan
Range: 200 ppb Mariin
Date Last Calibrated: _November 7, 2019 Auditers Tl
Last Cal. Slope: 0.958 Audit Date: January 22, 2020
Last Cal. l:lhrﬂE: 3.540 Site Temperature: 15.5 PASS
Offline Time: n'n Audlt Temperature: 26.2 y
|Online Time: na Site Cylinder S/N: CC506134
[sie Cylinder PsI: 1300
|Site Cyl. Exp. Date: ~ September 10, 2022
AUDT SYSTEM
CALIBRATOR CYLINDER
Manufacturer: Environics (Manufacturer: Adrgas
Model Number: 6100 Serial Numbear: CALIG43Y
Inventory Number: NR24458 (Concentration: 4.594 PPM
Flow Certification Date: October 14, 2020 (Cylinder PSI: 1350
Expiration Date; March 21, 2023
ZERO AIR UNIT
Manufacturer: Teledvane API TEMPERATURE STANDARD
Model Number: 751H Standard ID No.: 904
Inventory Number: RMT7702 (Certification Date:  August 20, 2019
Last Service Date: January 13, 2020
CALIBRATOR ANALYZER RESPONSE PASS /
Audit Levels. Flowrate Conc. | || Chart KAMS  |Dndicated] LI:DIF | pam,
(PPM) Total | Dilution |Span Gas | PPM ||| Percent| Voltage | FPM | PPM | L5-6: %D
Zero 49724 | 497124 0.000 00000 | 0.0000 N/A N/A N/A
Level 1 ?
(0.0003-0,0025) 30545 | 50499 4.567 00028 |'||I 0.0020 | 0.0020 0.0005 PASS
Level 5 i
0.0200-0,0499) 4966.1 | 493546 | 30471 | 0.0300 |) 0.0271 | 0.0271 -9.7 FAIL
Level 6 4968.1 | 48918 76331 | 0.0752 0.0684 | 0.0684 8.0 FAIL
(0.0500-0,0999)
AUDIT SM_E: 0ol [nhrnlpt: 0000

Comments: All poinis responded within EPA's limit of 15% or 1.5 ppb (whichever is greater),

Drate:

| /24 /7@

Verified By: ;{% ﬂ_//f:]



AUDIT S3YSTEM

JEONE CALTBTB. & PHOTOMETEER
Manuficis oy Environics
i | 6103
CB52004398
21-Jan-20
6103
CB52004398
21-Jan-20

Dot
& 1)

Valid

Valid

Valid

Comments: Regular anal was removed from site for mainlenance. S/N 1160770010 installed while regular

analyzer is being repaired.
Calibration information was not available on-site for N 1160770010

Verified By: W Date: [{ZA‘/ ZG

DAQ Revired Jamuary 2014 /v




Comammmaarh af Keutiieh

Energy and Environment Cabinet
Department for Environmental Protection
DIVISION FOR AIR QUALITY
CO AUDIT FORM
INSTRUMENT SITE
Menufacturer Thermo !&hn Mo. n's
Model Number 48i-TLE ATRS Site No.: 21-061-0501
[nv./Ser. Number (823633181 Location Mammoth Cave
Rznge 5 ppm Operator Jernigan
Date Lasi Cal November 7, 2019 Martin
Last Cal Slope 1031 Auditor Tlm
Cylinder PSI 1800 Andit Date Jumuary 22, 2020
Site Temperature: 25.5
Andit Temperature: 26.1
AUDIT CALIBRATOR AUDIT CYLINDER

Manufacturer Environics Manufacturer Airgas
Model Number 6100 Serial Number FF1%662

ventory Naomber NR24458 Concentration FPM 251.7 PPM
Certification Date October 14, 2019 Certification Date March 26, 2022

CALIBRATOR n MONITOR RESPONSE
AUDIT Total | Dilution | Span Cone, Chart | KAMS | KAMS |Indicated
POINTS | Flowrate | Flowrate | Flowrate | FPM Percent | Voltage | PFM PPM %o d
Fero 4968.4 4968.4 0.000 .00 0.04 0.00

Level 3 89544 #948.9 549 0.15 i 019 0.15 0.0

- i

Level 4 4965.3 4250.1 15.209 077 0.82 0.78 13

Level & 4966.6 4910.6 55.086 1.84 292 2.88 1.4

E Audits Slope =1.l]l4 Intercept 0.0
C Audit conducted for levels 4, 3, and 2 due to audit cylinder concentration and audit calibrator Now rates.
ry - L
Verified By: ,«/7 i Date: )I / Z q'J/ 20

DA, Revigad 730008
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SITE

Mammath Cave
Jernigan
Martin
Streamline Pro Tem
o4 January 11, 2020
Aupust 22, 2019 10:24
*see notes
TEMPERATURE PROBE 155
August 20, 2019 26.2

LEAK CHECK
Zero (Main) 0.02 0.02 .15 OK
Fero (Aur) 0,00 | 0.00 ) 0K

Comments: TEOM was shutdown following audit.

Verified By: ﬁ// % nm:_]&"@{)

DAQ Revisad 5-2014



