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1. INTRODUCTION

1.1. Test Description

This test/QA plan provides detailed procedures for a verification test of optical open-path
monitors for usein ambient air or fenceline measurements. The verification test will be conducted under
the auspices of the U.S. Environmental Protection Agency (EPA) through the Environmental
Technology Verification (ETV) program. The purpose of ETV isto provide objective and qudity
assured performance data on environmental technologies, so that users, developers, regulators, and
consultants have an independent and credible assessment of what they are buying and permitting.

The verification test will be performed by Battelle, of Columbus, Ohio, which is managing the
ETV Advanced Monitoring Systems (AMYS) pilot through a coopertive agreement with EPA
(CR826215). The scope of the AMS pilot covers verification of monitoring methods for contaminants
and naturd speciesin air, water, and soil. In performing the verification test, Battelle will follow
procedures specified in this test/QA plan, and will comply with the quaity requirementsin the “Quality
Management Plan for the ETV Advanced Monitoring Systems Pilot” (QMP).1

1.2. Test Objective

The god of this verification test isto quantify the verification parameters of commercidly
available optica open-path monitors for use a facilities concerned with emissons or ambient levels of
volatile organic or inorganic chemicas. This verification will involve chdlenging these monitors with

known reference gas samples under redlistic operationa conditions.
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1.3. Applicability

The technologies tested under this plan are commercid optica open-path monitors capable of
real-time monitoring of amospheric pollutants. These monitors are typically used over greater than 100
meter path lengths, and present the users with information about the concentrations of gases thet are
present in the air between the light source and the detector. 1n such applications these open-path
monitors can provide red-time continuous monitoring of ar quaity, and dlow early warning of potentia
non-compliance conditions, or emergency release Stuaions. In contrast, grab sample andysis by

standard methods is both time-consuming and non-continuous.

2. TECHNOLOGY DESCRIPTION

The monitors to be verified under this test/QA plan rely upon aradiation source (ultraviolet,
visble, or infrared) and a detector used together to identify and quantify the levels of certain chemicas
in the atmosphere. These monitors are typicaly used in a continuous monitoring mode and in many
cases are able to provide Smultaneous monitoring of severd compounds. Although the overdl design
requirements for the different spectra ranges are Sgnificantly different, the basic components of these
technologies are amilar.

In generd, these monitors contain at least the following components:

» Radiation source

e Optics

*  Detector

» Daaprocessng dgorithms.

The radiation sources for these technologies belong to one of three distinct groups. The

monitors operating in the ultraviolet (UV) region of the spectrum use a continuous or NoNn-continuous
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lamp that provides broad-band radiation in the UV and visible regions. The monitors using tunable
diode laser (TDL) technology use alaser to provide radiation over avery narrow spectra rangein the
near infrared. That spectra range can be tuned over asmal range with asingle TDL, and is sdectable
over awider range usng multiple TDLs. The Fourier transform infrared (FTIR) monitors use a
broadband infrared source.

The opticad components of these monitors typicaly are used to project the radiation from the
source, through the atmospheric path to be monitored, and to the detector. The detectors and
configurations for these monitors vary according to specific applications. They aretypicdly chosento
maximize sgnd to noiseratio for the spectra region and operating temperature.

3. VERIFICATION APPROACH

3.1. Scope of Test

The overd| objective of the verification test isto provide quantitetive verification of the
performance of optica open-path monitors under redistic operationd conditions. Specificdly, the

verification parameters to be verified are:

*  Minimum detection limit (MDL)
»  Concentration linearity

»  Source strength linearity

* Accuracy

* Precison

»  Sengtivity to atmospheric interferences.
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The verification test will be performed by Battelle with the participation of EPA and the vendors
whose optical open-path monitors will be verified. The organizationd chart in Figure 1 shows the
individuas from Béttelle, the vendor companies, and EPA who will have responghbilitiesin the
verification test. The specific responghilities of these individuas are detailed below.
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Figurel. Organizational Chart for Optical Open-Path Monitor Verification Test
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3.2.1 Battdle

Mr. Jeffrey D. Myersisthe Verification Test Coordinator for the testing of optica open-path

monitors through the AMS pilat. Inthisrole, Mr. Myerswill have the overal responghility for ensuring
that the technical, scheduling, and cost gods established for the verification test are met. Mr. Myers

will:

* Prepare the draft test/QA plan, verification reports, and verification satements

* Revisethe draft test/QA plan, verification reports, and verification statements inresponse to
reviewers comments

* Assmble the requisite equipment and a team of qudified technicd staff to conduct the
verification test

» Direct the team in performing the verification test in accordance with the test/QA plan

» Coordinate digtribution of the find test/QA plan, verification reports and verification
gatements

» Ensurethat al quality procedures specified in the test/QA plan and in the QMP are
followed

* Respond to any issues raised in assessment reports and audits, including indituting
corrective action as necessary

» Serveasthe primary point of contact for vendor representatives

» Edablish abudget for the verification test and monitor staff effort to ensure that the budget
is not exceeded

* Ensurethat confidentidity of vendor information is maintained.

Dr. Thomas J. Kdly isthe Verification Testing Leader for the AMS pilot. Assuch, Dr. Kdly
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will provide technica guidance and oversee the various stages of the verification test. He will:
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*  Support Mr. Myersin preparing the test/QA plan and organizing the test
* Review the draft test/QA plan

* Review the draft verification reports and verification statements

» Ensuretha vendor confidentidity is maintained.

Ms. Karen Riggs is Battdle sETV pilot manager. As such, Ms. Riggswill:

* Review the draft test/QA plan
* Review the draft verification reports and verification satements

» Ensurethat necessary Battelle resources, including staff and facilities, are committed to the
verification test

* Ensuretha vendor confidentidity is maintained
e Support Mr. Myersin responding to any issues raised in audits

* Mantan communication with EPA’s Rilot Maneger.

Ms. Sandy Andersonwill serve as the Qudity Manager for this verification test. Assuch Ms.

Anderson or her desgnate will:

* Review the draft test/QA plan

» Conduct atechnicd system audit once during the verification test

* Review performance evauation audit results as specified in the test/QA plan
* Audit a least 10% of the verification deta

* Prepare and distribute an assessment report for each audit

* Veify implementation of any necessary corrective action
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Issue a stop work order if saif auditsindicate that data qudity is being compromised; notify
Battelle Pilot Manager if stop work order isissued

Provide asummary of the QA/QC activities and results for the verification reports
Review the draft verification reports and statements

Have overdl responghility for ensuring that the test/QA plan and AMS pilot QMPis
followed

Ensure that Battelle management isinformed if persstent qudity problems are not
corrected

Maintain communication with EPA’s Filot Quality Manager

Vendors

Vendor representatives will:

Review the draft test/QA plan

Approve the revised test/QA plan

Provide off-the-shelf models of the optical open-path monitors to be verified for the
duretion of the verification test

Host verification testing of their monitors &t their respective facilities, or send monitor and
personnd to Battelle to conduct test

Ingtdl the test equipment and open-path monitor in the test facilities and ensure proper
operation of the open-path monitor before and during the test
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* Peaform on-dte maintenance as necessary if monitor fails any time during the test

* Review their respective draft verification reports and statements

*  Provide measurement results from the verification test to Battelle in a readily accessble and

previoudy agreed upon format

* Provide and operate the open-path monitor during testing

* Provide sample gas cdll appropriate for the monitor being tested
» If tetis performed at Battelle, remove and ship monitor from Battelle upon completion of
test
323 EPA
EPA’sresponghilitiesin the AMS pilot are based on the requirements sated in the
“Environmenta Technology Verification Program Qudity and Management Plan of the Filot Period

(1995-2000)" (QMP). Theroles of the specific EPA saff are asfollows:

Ms Elizabeth Betzis EPA’s Rilot Quality Manager. For the verification test, Ms. Betz will:

* Review the draft test/QA plan
» Peaform, a her option, one externa technica system audit during the verification test

* Notify the Battelle Pilot Manager to facilitete a stop work order if external audit indicates
that data qudity is being compromised
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* Prepare and digtribute an assessment report summarizing results of externd audit, if
performed
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* Review draft verification reports and statements.

Mr. Robert Fuerst is EPA’s Filot Manager. Assuch, Mr. Fuerst will:

* Review the draft test/QA plan

* Approve thefind test/QA plan

* Review the draft verification reports

* Approvethefind verification reports

* Review the draft verification Statements.

4. EXPERIMENTAL DESIGN

4.1. Overview

The verification test outlined in this document is designed to chalenge the monitors being
verified in amanner smilar to that which would be experienced in operation in the field. Reproducing
many of the actud conditions and problems encountered in the field is beyond the scope of this project,
however this verification test establishes benchmarks that provide quantitative data on specific
performance parameters. The basic theory used throughout these tests involves challenging the
monitors using an opticaly transparent gas cdll that isfilled with known concentrations of atarget ges.
The gas cdl isinsarted into the optica path of the monitor thereby smulating a condition where the
target gaswould be present in the ambient air. The gas cdll is used to challenge the monitor in a

controlled and uniform manner.

4.2. General Experimental Approach



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Optical Open-Path Monitors
Test/QA Plan

Revison 1

Date: 10/28/99

Page: 19 of 67

This verification test isintended to be gpplicable to many types of open-path monitors. As
such, the generd gpproach is ddiberately broad, alowing specific protocols for atechnology type to be
gpecified in the Test Procedures section. In genera, the experimental approach employed in thistest
assumes that the monitor operates by sending abeam of radiation from a source, through the
atmosphere, and to a detector. Then, measuring the absorption of the light by the target gasin the
amosphere, the monitor is able to identify and quantify the target gas or gases. The same basic
technique is used to verify each of the technology types as each of the monitorsis chalenged with
severd target gases a known concentrations, and the measurement result from the monitor is then
compared to the known concentration of the target gas. Since these open-path monitors are often able
to measure many different types of gasesit is not feasible to test dl potentid target gases. Asaresult,
in this verification test only afew target gases have been chosen. For each target gas the monitor is set
up asit would beif it were operating in the field, with the exception that an opticaly trangparent gas cell
is placed in the light beam’s path if the instrument does not aready have a built-in gas reference cdl. A
known concentration of the target gasis then introduced into the gas cell and the monitor makes a
measurement. Figure 2 shows a schematic of the setup to be used for thetest. The optical open-path
monitor and the gas cell will be provided by the vendor. The gas dilution system will be provided by
Battdle. This system congsts of Nationa Ingtitute of Standards and Technology (NIST) tracegble
commercidly certified sandard gases, a cdibrated gas diluter, and a supply of certified high purity
dilution gas. All of the test equipment used to evauate the monitors will be provided by Battelle to
ensure that the testing is conducted in a repeatable manner regardless of the test location. When testing
is performed at a Site other than Battelle, al appropriate equipment will be transported to the test Site.

The test procedures involve providing arange of known concentrations of various target gases
to each monitor. Measurements are made with different path lengths, integration times, source
intengities, and numbers of replicate measurements to assess the verification parameters listed in Section
3.1. Thetest procedures are ‘nested’, in that each measurement is used for the evauation of more than
one verification parameter. To the extent feasible with so diverse a group of technologies, verification
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test procedures rely on established procedures, such as EPA Method TO-16.2 This method was
developed to provide guiddines for gathering and andyzing datausing an FTIR.

5. TEST PROCEDURES

5.1. General Procedural Description

The procedures to be used in the verification test are detailed in this section. Thistest

procedure section is divided into three sub sections - FTIR, TDL, and UV - each outlining the specific
test procedures required for a particular technology type.
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Target gas Dilution
or gases gas

Figure 2. Schematic Showing Functional System and Setup for Verification Tests
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The procedures detailed in this section can be carried out for many different target gases. In an
effort to be as efficient as possible with both time and materiads a specific order of measurements has
been established which adlows many of the verification parameters to be determined in as short a period
aspossble. Table 1 shows the measurement order and the
verification parameters associated with each measurement. The “Activity # column providesa
reference number for each activity during thetest. Thisalows for easy reference later in the test plan.
The“Mess. #’ column is listed to show the number of times spectra are recorded. “Ref. Cdl Conc.”
describes the contents of the reference gas cdll during the data acquisition. 1n these measurements, the
content of the gas cell isether “N2" (nitrogen dilution gas), or a known concentration of the target gas
“c1" through “c4". Concentrations shown as C1, ¢2, etc. represent the target gas concentrations
specified later in this section for each technology type. The*“Activity” column explains the activity
taking place: collecting spectra, changing gases, or adjusting the pathlength. Several measurements are
made (Mess. #3 through #5 and #10 through #12) using an inserted neutral dengity (ND) filter which
alows the source grength (i.e. light intensity) to be varied in a controlled and repestable manner. The
“# of Spectra’ column explains how many individua spectra are collected at that experimental
condition. The“Integrate Time’ column isthe integration time to be used for that measurement and
“Equilibrate Time”’ expresses the length of time allowed to flow gas through the cdll in order to obtain a
gtable measurement from the monitor.  “Pathlength” is the total length the beam will travel between the
source and the detector. Thisis not the length of the gas cell used in these experiments. From the
“Elgpsed Time’ column it can be seen that the test will require about 8.25 hours for thefirst gas. The
subsequent gases take an haf an hour less since the replicate tests for the ND filter are not conducted.
The “Verification Parameter Calculated” column relates each measurement to the verification
parameters that will eventudly be caculated.

5.2. Schedule
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The verification will be conducted by performing measurementsin afixed sequence. The
monitor provided by the vendor will undergo that full test sequence. It is anticipated that the
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Table1. Optical Open-Path Monitor Verification Measurement Order for a Single Gas

[ActivityMeas JRef. Cell Activity # of Times JPathlength | Elapsed Verification Parameter
# # Conc. pectraffintegrat JEqui Torat (m) Time (hrs) Calculated
g e
1 N2 C-:hange gas & stabilize 10 100 1/4
2 1 N2 Collect spectra 26 1 100 2/4 Accuracy., Concentration linearity, MDL, Precision
3 cl Change gas & stabilize 10 100 3/4
4 2 cl Collect spectra 5 1 100 3/4 Acc., Concentration linearity
5 3 cl Collect spectra - ND 1 5 1 100 1 Source strength linearity
6 4 cl Collect spectra - ND 2 5 1 100 1 Source strength linearity
7/ 5 cl Collect spectra - ND 3 5 1 100 1 Source strength linearity
8 N2 Change gas & stabilize 10 100 11/4
9 6 N2 Collect spectra 5 1 100 11/4 Acc_, Concentration linearity
10 c2 Change gas & stabilize 10 100 12/4
11 I c2 Collect spectra 5 1 100 12/4 Acc., Concentration linearity
12 N2 Change gas & stabilize 10 100 13/4
13 8 N2 Collect spectra 5 1 100 13/4 Acc., Concentration linearity
14 c3 Change gas & stabilize 10 100 2
|15 9 c3 Collect spectra 5 1 100 2 Acc.. Concentration linearity
16 10 c3 Collect spectra - ND 1 5 1 100 21/4 Source strength linearity
17 11 c3 Collect spectra - ND 2 5 1 100 21/4 Source strength linearity
|18 12 c3 Collect spectra - ND 3 5 1 100 21/4 Source strength linearity
19 N2 Change gas & stabilize 10 100 22/4
20 13 N2 Collect spectra 5 1 100 2 214 Acc., Concentration linearity
21 c4d Change gas & stabilize 10 100 23/4
22 14 c4 Collect spectra 26 1 100 2 3/4 Acc., Concentration linearity, MDL, Precision
23 N2 Change gas & stabilize 10 100 3
|24 15 N2 Collect spectra 26 5 100 51/4 Acc.,_Concentration linearity, MDL, Precision
25 CFlange to PatH|ength 2 20 400 52/4
26 16 N2 Collect spectra 5 5 400 [§ Interference Effect (Int.)
27 c2 Change gas & stabilize 10 400 6
28 17 c2 Collect spectra 5 5 400 6 2/4 Int., Acc., Concentration linearity
29 N2 Change gas & stabilize 10 400 6 3/4
30 18 N2 Collect spectra 5 5 400 7/ Int., Acc., Concentration linearity
31 Change to Pathlength 3 20 optimum 72/4
32 19 N2 Collect spectra 5 1 optimum 7 2[4 Int., Acc., Concentration linearity
33 c2 Change gas & stabilize 10 optimum 73/4
34 20 c2 Collect spectra 5 1 optimum 7 34 Int., Acc., Concentration linearity
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35 N2 Change gas & stabilize 10 optimum 8
36 21 N2 Collect spectra 26 1 optimum 81/4 Int., Precision. MDL
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testing will take place over three days, with aday for set up and aday for teardown. An example
schedule of testing a Sngle monitor is shown in Table 2.

Table2. Scheduleof Verification Testing Activities

Activity # __ Approximate Time

Travel and Setup 1 day

1-24 08:00-13:00

25-36 14:00-18:00

1-24 08:00-12:00

25-36 13:00-17:00

1-24 08:00-12:00

25-36 13:00-17:00

Teardown and Travel 1da

53. FTIR

5.3.1 Gases

The gases and concentrations to be used for testing FTIR open-path monitors are shown in
Table 3.

5.3.2. Minimum Detection Limit

The minimum detection limit (MDL) isto be determined for each target gas. This number
represents the lowest obtainable value for the detection of that specific gas. The MDL is caculated by
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removing the target gas from the optica path of the monitor, then a series of 26 single beam spectraare
taken using the appropriate averaging time (either 1 min. or 5min.). The
Table3. Target Gasesfor Verification Testing of FTIR Open-Path Monitors

Concentration
Pathlength (ppm-m)
5

Tetrachloroethylene 10

25

50

5

10

25

50

5

10

25

50

sngle beam spectra are then used to create absorption spectra, using each single beam spectrum asthe
background for the next spectrum. The absorption spectra are created by using the first and second
single beam spectra, the second and third, the third and fourth, etc. The resulting 25 absorption spectra
are then analyzed for the target gas. The minimum detection limit is defined as two times the sandard

deviation of the cdculated concentrations.
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The procedure for determining MDL is asfollows:




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Optical Open-Path Monitors
Test/QA Plan

Revison 1

Date: 10/28/99

Page: 28 of 67

1. Removethetarget gas from the optica path of the monitor
2. Choose appropriate averaging time for the monitor
3. Acquire 26 sngle beam spectra

4. Usefirg angle beam spectrum as a background to creste absorption spectrum from the
second single beam spectrum

5. Use second single beam spectrum as a background to create absorption spectrum from the
third single beam spectrum

6. Continue until 25 absorbance spectra are obtained
7. Anayze each absorption spectrum to determine the concentration of the target gas
8. Cdculate the sandard deviation of the set of concentrations

9. Multiply the standard deviation by two to obtain the minimum detection limit.

5.3.3 Linearity

Two types of linearity will be evaluated. The first will be the linearity of the monitor for a
gpecific gas over arange of concentrations. The second will be the linearity of the monitor as a series
of neutrd dengity filters are inserted into the beam path. This second evauation of linearity is designed
to Smulate a reduction in source intensity and to measure the effect this intengty reduction has on the
monitor’ s ability to maintain linear response.

Determining the concentration linearity of the monitor requires chalenging the monitor with a
target gas at severd concentration levels. At each of these concentrations, a Single beam spectrum is
acquired.

The procedure for determining concentration lineerity is asfollows.
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1. Placethetarget gascel inthe optical path of the monitor

2. Set up dilution system to provide the target gas to the gas cell by dilution of a certified gas
standard for each gas of interest

3. Peaform dilutions with high purity nitrogen
4. Provide diluent gas or aprepared dilution of the target gas to the gas cdll
5. Choose gppropriate averaging time for the monitor

6. After at leadt five cdl volumes of the gas have passed through the cdll, acquire asingle
beam spectrum

7. Record the concentration value given by the monitor

8. Hush cdl with at leadt five volumes of high purity nitrogen, and again acquire asingle beam
spectrum

9. Repeat seps 4-6 with next concentration of the target ges.

The source strength linearity will be evauated at two concentrations for each gas using three
neutrd dengty (ND) filters placed in the beam path. These three neutra denaty filterswill be used to
determine the monitor’ s ability to maintain alinear response with an attenuated source. These filters will
attenuate the source strength by approximately 10%, 25%, and 50%. The procedure for this
evauation isidentica to the steps 1 through 7 above except that one of the ND filtersis placed in the
optical path.

5.3.4 Accuracy

Accuracy of the monitors relative to the gas sandards will be verified by introducing known
concentrations of the target gasinto the cell. The gas cdl is flushed with & least five cdll volumes of

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

nitrogen and a single beam spectrum isrecorded. The target gasis then introduced into the cdll and
after flushing with at least five cdll volumes asingle beam spectrum of the target gasis obtained. The
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cdl isflushed with at least five cdl volumes of nitrogen and athird spectrum isrecorded. Thethree
spectra are andyzed for the target gas using the background selected by the vendor. The concentration
of the target gas is the result of andlyzing the second spectrum minus the average of the first and third
(flushed cell) spectra

The accuracy is evauated a concentrations c1 through ¢4 using an integration time of 1 minute,
The accuracy isthen evauated at concentrations c2 using alonger integration time, and then again a a
concentration of ¢2 during the interference measurements (Activity #26 through 34). The percent
accuracy isthe average vaue of al the measurements at the same conditions divided by the

concentration of the gasin the reference cell times 100.

5.35 Precison

The precison of the monitor is a quantification of its ability to make repeatable measurements
when challenged with the same gas sample. The procedure for the determination of precison is
essentialy identica to the procedure for the determination of accuracy. The gas cdll isflushed with a
least five volumes of nitrogen. The target gas is then introduced into the cdll and after flushing with at
least five cell volumes 25 single beam spectra of the target gas are obtained. These spectraare
andyzed for the target gas. The rdlative standard deviation of this set of measurementsis the precison
at the target gas concentration. Precison is evauated by this procedure at two different concentrations
of each of the target gases (see Table 1). Additiond precison information will be obtained from the
replicate analysis conducted in the interference test (Section 5.3.6).

5.3.6. Interferences

The effects of interfering gases will be established by supplying the reference cell with atarget

gas and varying the distance between the source and detector of the monitor. The main interferencesin
ambient air are H,O and CO, and if the measurements are made outdoors, changing the pathlength will
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effectivdy change the amount of interferents in the measurement. The purpose of the interference
measurements (Activity # 26 through 34 in Table 1) is to determine the effects that the interfering gases
have on accuracy, precision, and MDL. These tests are performed using two different integration times
to determine the effect that integration time has on the monitor’ s ability to make measurements with
interfering gases in the light path.

The effect of the interferences will be measured by setting up the monitor outdoors, or in an
areawhere the light path passes through ambient air levels of H,O and CO, that are consstent with
those outdoors as measured by areative humidity monitor and a CO, monitor (for example, in an
arplane hangar). Firg, the pathlength will be changed to gpproximatdly 400 meters. Then, the
reference cell will be supplied with nitrogen, and after flushing with a leest five cdll volumes, 5 angle
beam spectrawill be recorded. Next, the target gas will be introduced into the cell and after smilarly
flushing the cdll, 5 single beam spectrawill be recorded. Findly, nitrogen will again be introduced into
the cell and 5 spectrawill be recorded.

Then the pathlength will be set to the length that the vendor chooses as optimum. Thisisthe
pathlength that would theoreticaly yield the best sgnd to noise ratio and the entire measurement
procedure will be repeated. Atmospheric concentrations of H,O and CO, will be recorded at the
beginning and the end of these measurements. The extent of interference will be calculated in terms of
sengtivity of the monitor to the interferent. The rdative sengtivity will be reported.

5.4. TuneableDiodeLaser (TDL)

5.4.1.Gases

The gases and concentrations to be used for testing TDL open-path monitors are shown in

Table4.
Table4. Gasesfor Verification Testing of TDL Open-Path Monitors
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Concentration
Pathlength (ppm-m)
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5.4.2. Minimum Detection Limit

The minimum detection limit (MDL) isto be determined for each target gas. This number
represents the lowest obtainable value for the detection of that specific gas. The MDL is caculated by
removing the target gas from the optica path of the monitor, then a series of 25 measurements are
taken using the appropriate averaging time (either 1 min. or 5 min.). The resulting values are then to be
andyzed for the target gas. Two times the standard deviation of the calculated concentrationsis
defined as the minimum detection limit.

The procedure for determining the MDL is asfollows:

Remove the target gas from the optica path of the monitor.
Choose gppropriate averaging time for the monitor

Acquire 25 measurements

Anayze each absorption spectrum for the target gas.
Cdculate the standard deviation of the set of concentrations.

o v M W NP

Multiply the standard deviation by two to obtain the minimum detection limit.

54.3 Linearity

Two types of linearity will be evduated. Thefirg will be the linearity of the monitor for a
specific gas over arange of concentrations. The second will be the linearity of the monitor as a series
of neutrd dengity filters are inserted into the beam path. This second evaduation of linearity is designed
to smulate a reduction in source intensity and to measure the effect this intengity reduction has on the
monitor’s ability to maintain linear response.

Determining the concentration linearity of the monitor requires chalenging the monitor with a

target gas at severa concentration levels. At each of these concentrations a measurement is made.
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The procedure for determining concentretion linearity is asfollows:

1. Pacethetarget gascel in the optica path of the monitor.

2. Set up dilution system to provide the cdibration gas to the gas cdll by dilution of a certified
gas standard for each gas of interest

3. Peform dilutions with high purity nitrogen

4. Providetarget gasor a prepared dilution of the target gas to the gas cdll

5. Choose gppropriate averaging time for the monitor

6. After at least five cdl volumes of the gas have passed through the cell, make measurements
7. Record the concentration vaue given by the monitor

8. Hush cdl with at least five volumes of high purity nitrogen, and again make a measurements

9. Repeat steps 4-6 with next concentration.

The source strength linearity will be evauated at two concentrations for each gas using three
neutrdl density (ND) filters placed in the beam path. These three neutra dengty filters will be used to
determine the monitor’s ability to maintain alinear response with an attenuated source. These filters will
attenuate the source strength by approximately 10%, 25%, and 50%. The procedure for this
evauation isidentica to steps 1 through 7 above except that one of the ND filtersis placed in the
optical path.

54.4 Accuracy

Accuracy of the monitors reative to the gas sandards will be verified by introducing the target

gasinto the cel. Thegascdl isflushed with &t leest five cdl volumes of nitrogen and a measurement is
recorded. The target gasis then introduced into the cell and after flushing with a leest five cdll volumes
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ameasurement of the target gasis abtained. The cdl isflushed with at least five cell volumes of
nitrogen and a third measurement is recorded. The three measurements are andyzed for the target gas
using the background sdlected by the vendor. The concentration of the target gasis the result of
andyzing the second measurement minus the average of the firgt and third (flushed cell) measurements.
The accuracy is evauated a concentrations cl through ¢4 using an integrationtimeof 1
minute. The accuracy isthen evauated at concentrations c2 using alonger integration time, and then
again a a concentration of c2 during the interference measurements (Activity #26 through 34). The
percent accuracy isthe average value of dl the measurements at the same conditions divided by the

concentration of the gasin the reference cell times 100.

545 Precison

The precison of the monitor is a quantification of its ability to make repeatable.  measurements
when challenged with the same gas sample. The procedure for the determination of precison is
essentialy identica to the procedure for the determination of accuracy. The gas cdll isflushed with a
least five volumes of nitrogen. The target gas is then introduced into the cdll and after flushing with at
least five cdl volumes, 25 measurements of the target gas are obtained. The relative standard deviation
of this set of concentrations isthe precison at the target gas concentration. Precision is evauated by
this procedure at two different concentrations of each of the target gases (see Table 1). Additiona
precison information will be obtained from the replicate andlysis conducted in the interference

measurements (Section 5.4.6)

546 Interferences

The effects of interfering gases will be established by supplying the reference cell with atarget

gas and varying the distance between the source and detector of the monitor. The main interferencesin
ambient air are H,O and CO, and if the measurements are made outdoors, changing the pathlength will
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effectivdy change the amount of interferents in the measurement. The purpose of the interference
measurements (#26 through 34 in Table 1) isto determine the effects that the interfering gases have on
accuracy, precision, and MDL. Thesetests are performed using two different integration timesto
determine the effect that integration time has on the monitor’ s ability to make measurements with
interfering gases in the light path.

The effect of the interferences will be measured by setting up the monitor outdoors, or in an
areawhere the light path passes through ambient air levels of H,O and CO, that are consstent with
those outdoors as measured by the relative humidity monitor and the CO, monitor (for example, inan
arplane hangar). Firg, the pathlength will be changed to gpproximatdly 400 meters. Then, the
reference cell will be supplied with nitrogen, and after flushing with a leest five cdll volumes, 5 angle
beam spectrawill be recorded. Next, the target gas will be introduced into the cell and after smilarly
flushing the cdll, 5 single beam spectrawill be recorded. Findly, nitrogen will again be introduced into
the cell and 5 spectrawill be recorded.

Then the pathlength will be set to the length that the vendor chooses as optimum. Thisisthe
pathlength that would theoreticaly yield the best sgnd to noise ratio and the entire measurement
procedure will be repeated. Atmospheric concentrations of H,O and CO, will be recorded at the
beginning and the end of these measurements. The extent of interference will be calculated in terms of
sengtivity of the monitor to the interferent. The rdative sengtivity will be reported.

55. UltraViolet (UV) Open Path Monitors

551 Gases

The gases and concentrations to be used for testing UV open-path monitors are shown in
Table5.

55.2 Minimum Detection Limit
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The minimum detection limit (MDL) isto be determined for each target. This number
represents the lowest obtainable vaue for the detection of that specific gas. The MDL is caculated by
removing the target gas from the optica path of the monitor, then a series of 25 measurements are

taken using the appropriate averaging time (either 1. min. or 5min.). The

Table5. Gasesfor Verification Testing of UV Open-Path Monitors

Concentration
Pathlength (ppm-m)

3

6

resulting values are then to be analyzed for the target gas. Two times the standard deviation of the
caculated concentrations is defined as the minimum detection limit.

The procedure for determining MDL is asfollows:
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Remove the target gas from the optical path of the monitor
Choose gppropriate averaging time for the monitor
Acquire 25 measurements

Anayze each measurement for the target gas

Cdculate the standard deviation of the set of measurements

S R

Multiply the standard deviation by two to obtain the minimum detection limit.

Additiona MDL information will be obtained from the replicate analyss conducted in the

interference measurement (Section 5.5.6).

5.5.3 Linearity

Two types of linearity will be evaluated. The first will be the linearity of the monitor for a
gpecific gas over arange of concentrations. The second will be the linearity of the monitor as a series
of neutrd dengity filters are inserted into the beam path. This second evauation of linearity is designed
to Smulate a reduction in source intensity and to measure the effect this intengity reduction has on the
monitor’ s ability to maintain linear response.

Determining the concentration linearity of the monitor requires chalenging the monitor with a

target gas a severd concentration levels. At each of these concentrations, a measurement is made.

The procedure for determining concentretion linearity is asfollows:

1. Pacethegascdl inthe optica path of the monitor

2. Set up dilution system to provide the cdibration gas to the gas cdll by dilution of a certified
gas standard for each gas of interest
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3. Peform dilutions with high purity nitrogen

4. Providetarget gasor aprepared dilution of the target gas to the gas cdll
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5. Choose gppropriate averaging time for the monitor

6. After five cdl volumes of the gas have passed through the cell, make a measurement
7. Record the concentration value given by the monitor

8. Hush cdl with five volumes of high purity nitrogen, and again make a measurement
9. Repesat with next concentration

10. Repeat steps 4-6 with next concentration.

The source intensity linearity will be evaluated at two concentrations for each gas using three
neutrd dengty (ND) filters placed in the beam path. These three neutra dengty filterswill be used to
determine the monitor’s ability to maintain alinear response with an attenuated source. These filters will
attenuate the source strength by approximately 10%, 25%, and 50%. The procedure for this
evauation isidentica to the steps 1 through 7 above except that one of the ND filtersis placed in the
optical path.

554 Accuracy

Accuracy of the monitors reative to the gas sandards will be verified by introducing the target
gasinto the cel. The gas cdl isflushed with at least five cdl volumes of nitrogen and a measurement is
recorded. The target gas is then introduced into the cell and after flushing with at least five cdll volumes
ameasurement of the target gasis obtained. The cdl isflushed with at least five cell volumes of
nitrogen and a third measurement is recorded. The three measurements are andyzed for the target gas
using the background sdlected by the vendor. The concentration of the target gasis the result of
andyzing the second measurement minus the average of the firgt and third (flushed cell) measurements.

The accuracy is evauated a concentrations c1 through ¢4 using an integration time of 1 minute,
The accuracy isthen evauated at concentrations c2 using alonger integration time, and then again a a
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concentration of c2 during the interference measurements (Activity #26 through 34). The percent
accuracy isthe average vadue of dl the measurements a the same conditions divided by the

concentration of the gas in the reference cell times 100.

555 Precison

The precison of the monitor is a quantification of its ability to make repeatable.  measurements
when challenged with the same gas sample. The procedure for the determination of precision is
essentidly identical to the procedure for the determination of accuracy. The gas cdll isflushed with at
least five volumes of nitrogen. The target gas is then introduced into the cdll and after flushing with at
least five cdl volumes, 25 measurements of the target gas are obtained. The rlative standard deviation
of this set of concentrations is the precison a the target gas concentration. Precison is evauated by
this procedure at two different concentrations of each of the target gases (see Table 1). Additional
precison information will be obtained from the replicate anays's conducted in the interference

measurements (Section 5.5.6)

55.6 Interferences

The effects of interfering gases will be established by supplying the reference cdll with atarget
gas and varying the distance between the source and detector (pathlength) of the monitor. The main
interferences in ambient air are O, and O; and if the measurements are made outdoors, changing the
pathlength will effectively change the amount of interferentsin the measurement. The purpose of the
interference measurements (#26 through 34 in Tablel.) is to determine the effects that the interfering
gases have on the accuracy, precision and MDL. These tests are performed using two different
integration times to determine the effect that integration time has on the monitor’'s ability to make
mesasurements with interfering gases in the light peth.
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The effect of the interferences will be measured by setting up the monitor outdoors, or in an
areawhere the ambient levels of O, and O, that are consstent with those outdoors as measured by the
O, and O; monitors. Firg, the pathlength will be changed to approximately 400 meters. Then, the
reference cdl will be supplied with nitrogen, and after flushing with at leest five cdl volumes, 5
measurements will be recorded. Next, the target gas will be introduced into the cell and after smilarly
flushing the cdll, 5 measurements will be recorded. Findly, the cell will be flushed again and 5 more
gpectrawill be recorded. Atmospheric concentrations of O, and O will be recorded a the beginning
and the end of these measurements.

Then pathlength will be s&t to the length that the vendor chooses as optimum, the pathlength
that would theoreticdly yield the best Sgnd to noise ratio, and the entire measurement procedure will
be repested. The extent of interference will be caculated in terms of sengitivity of the monitor to the
interferent. The relaive sengtivity will be reported.
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6. SITE DESCRIPTION

Under this test/QA plan, the verification of each monitor will occur at Battelle' s Columbus
facilities or a alocation near the vendor’ s establishment. If the test isto be performed at the vendor’'s
location, the specific test Ste will be identified by the vendor and reviewed with Battelle prior to Battelle
daff traveling to the vendor’ s location to initiate the test.

At @ther location, the test Site will be outsde in an open field or parcd of land where aline of
gght is available that meets the maximum pathlength required (400 m). The Site needs to be away from
local sources of emissions and yet easily accessible and able to be reached conveniently throughout the
test period. If the test Site has limited access, the host (either Battelle or the vendor) must teke
appropriate arrangements to ensure that al non-host saff have access. Sufficient lighting must be
available in the event that the test runsinto the evening.

7. MATERIALSAND EQUIPMENT

7.1. Standard Gases

The standard gases diluted to produce target gas levelsfor the verification testing shal be NIST
traceable gases when possible. Alternatively, commercidly certified gas will be used if NIST tracegble
gases are not available for aparticular analyte. The gases will be obtained in concentrations
appropriate for dilution to the concentrations required for the tests.

7.2. Dilution Gas

The dilution gas for the verification testing will be high purity nitrogen and will be supplied by
Batele. Thedilution gas must have the following specifications: Acid Rain CEM Zero Nitrogen or
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equivaent (i.e. having the following purity specifications: tota hydrocarbons, SO, and NO, <0.1 ppm,
CO and O,, <0.5 ppm, CO, <1 ppm, and water <5 ppm).
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7.3. Dilution System

The dilution system used for preparation of the target gases must have mass flow capabilities
with an accuracy of gpproximately + 1 percent. The dilution system must be capable of accepting a
flow of compressed gas standard and diluting it with high purity nitrogen or ar. 1t must be able to
perform dilution ratios from 1:1 to at least 100:1. The dilution sysem may be commercidly available or

assembled from separate commercial components.

7.4. Temperature Sensor

The temperature sensor used to monitor the ambient air and test cell temperatures will be a
thermocouple with a commercia digital temperature readout. This sensor will be operated in
accordance with the manufacturer’ s ingtructions, and must have been calibrated againgt a certified
temperature measurement standard within the sx months preceding the verification test.

7.5. Relative Humidity (RH) Sensor

The RH sensor used to determine the ambient air humidity will be acommercid RH/Dew Point
monitor that uses the chilled mirror principle. This sensor will be operated in accordance with the
manufacturer’ s ingructions, which cal for cleaning of the mirror and re-balancing of the optical path
when necessary, as indicated by the diagnostic display of the monitor. The manufacturer’ s accuracy
specification of this monitor must be approximately +/-5 percent RH.

7.6. Oxygen Sensor

A commercid eectrochemica oxygen sensor will be used to measure the oxygen content of the
ambient air during interference measurements. The sensor will be operated according to the
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manufacturer’ s directions, which cdl for zeroing with nitrogen and calibrating with ambient air (i.e,
oxygen content of 20.9 percent).

7.7. Carbon Dioxide Sensor

A commercid non-dispersveinfrared (NDIR) instrument will be used to monitor the leve of
CO, in ambient air during interference measurements. This sensor will be operated in accordance with
the manufacturer’ s ingructions, and will be calibrated with a commercidly prepared cylinder standard
of CO, inair.

7.8. Ozone Sensor

The sensor used to determine ozone in ambient air will be acommercid UV absorption monitor
designated by U.S. EPA as an Equivdent Method for this measurement. The UV absorption method is
preferred for this application over the Reference Method (which is based on ethylene
chemiluminescence) because the UV method is inherently calibrated, and requires no reagent gases or

cdibration standards. This sensor will be operated in accordance with the manufacturer’ s ingtructions.

7.9. Monitor for NO and NH,4

The concentrations of NO and NH; prepared by the dilution system during testing will be
checked using acommercial EPA Reference chemiluminescent NO/NOx monitor, equipped with ahigh
temperature converter for reduction of NH; to NO for detection. The monitor and converter will be
operated according to the manufacturer’ s ingtructions, and the conversion efficiency of the NH;
converter will be determined in the laboratory before each use in verification testing.

7.10. Carbon Monoxide Sensor
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A commercid non-dispersve infrared (NDIR) instrument will be used to monitor the
level of CO in ambient ar during interference measurements. This sensor will be operated in
accordance with the manufacturer’ singructions, and will be caibrated with a commercialy prepared
cylinder standard of CO in air.
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8. QUALITY ASSURANCE/QUALITY CONTROL

8.1. Calibration

8.1.1 GasDilution System

The gas dilution system will be the responghility of Battelle. FHow controllersin this sysem
must be calibrated prior to the start of the verification test for each monitor by means of a sogp bubble
flow meter. Corrections will be gpplied to the bubble meter data for temperature and water content.

8.1.2 Temperature Sensor

The thermocouple cdibration will be based upon its comparison to a certified sandard within
the six months preceding the test. The accuracy of the thermocouple will also be checked at least once
during verification testing, by comparison to a standard mercury-in-glass type thermometer. Agreement
within 3’C is required, or the thermocouple will be replaced. That comparison will be conducted as
part of the Performance Evaluation Audit procedure in Section 8.2.2.

8.1.3 Reative Humidity (RH) Sensor

The relative humidity sensor will be operated according to the manufacturer’ s directions, and
will employ the manufacturer’s cdibration. The accuracy of the monitor for RH will aso be checked a
least once during verification testing for each monitor, by comparison to a standard wet/dry bulb
measurement. Accuracy within +/- 5 percent RH is required, or the cdibration of the monitor will be
adjusted. That comparison will be conducted as part of the Performance Evauation Auditsin Section
8.2.2.
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8.1.4 Oxygen Sensor

The oxygen monitor will be cdibrated on each day of use by zeroing with high purity
nitrogen and calibrating with ambient air (i.e., 20.9 percent O,), per the manufacturer’ sdirections. This
procedure assures that the monitor calibration accounts for the effects of day-to-day variationsin air
temperature and humidity. Also, a least once during the verification test of each monitor, the oxygen
monitor will be checked by comparison with another oxygen monitor. Agreement within 0.5 percent
oxygen is required when sampling ambient air, or the monitor will be recdibrated. That comparison will
be conducted as part of the Performance Evaluation Audits in Section 8.2.2.

8.1.5 Carbon Monoxide Sensor

The NDIR CO monitor will be calibrated before testing of each vendor’ s open-path system,
using acommercidly prepared certified standard of CO. Also, at least once during the verification test
for each open-path monitor, the CO monitor will be chalenged with an equaly certified independent
cdibration standard obtained from another supplier. Agreement must be within +/- 10 percent, or the
monitor will be recalibrated. That comparison will be conducted as part of the Performance Evauation
Audits described in Section 8.2.2.

8.1.6 Carbon Dioxide Sensor

The NDIR CO, monitor will be cdibrated before testing of each vendor’ s open-path system,
using acommerciadly prepared certified standard of CO, in air. Also, a least once during the
verification test for each open-path monitor, the CO, monitor will be chalenged with an equaly
certified independent cdibration standard obtained from another supplier. Agreement must be within
+/- 10 percent, or the monitor will be recdibrated. That comparison will be conducted as part of the
Performance Evauation Audits described in Section 8.2.2.
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8.1.7 0Ozone Sensor

The UV absorption method of 0zone measurement isinherently cdibrated, relying asit doeson
the accurately determined absorption coefficient of ozone. Asaresult, routine cdibration of the ozone
monitor is not needed. However, the monitor will be operated according to the manufacturer’s
directions, with careful attention to the diagnostic indicators that assure proper operation of the monitor.
In addition, & least once during the verification test of each open-path monitor, the ozone monitor will
be checked in a Sde-by-side comparison with a different czone monitor while sampling ambient air.
Agreement within 5 ppbv or 10 percent of reading, whichever is greater, isrequired. Failure to meet
this specification will result in investigation of the diagnostics of both monitors.

8.1.8 Monitor for NO and NH4

The NO monitor will be calibrated usng acommercia stlandard of NO in nitrogen, the
concentration of which has been established by direct comparison to a Standard Reference Materia of
NO in nitrogen, obtained from the NIST. A multipoint cdibration will be performed before any
verification testing takes place, and a single point span check will be performed before testing of each
vendor’ s open-path system. If that single-point check differs from the origina multipoint result by more
than 5 percent, then a new multipoint cdibration will be performed. In addition, at least once during the
verification testing of each open-path monitor, usng NO or NH; as atarget gas, the NO cdibration will
be checked by measurement of an independent NO cdibration standard obtained from an independent
supplier. That comparison will be conducted as part of the Performance Evauation Auditsin Section
8.2.2.

The conversion efficiency of the NH; converter will be established before testing each open-
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path system for which NH; is atarget compound. The efficiency test will consist of operating the NO
monitor with the NH; converter, while sampling a constant NH; concentration in clean dilution gas. A
second NH; converter will then be inserted into the sampling line downstream of the firgt, and the
converson efficiency of the first converter will be assessed by the increase (if any) in response. This
approach requires a stable NH; source, but does not require a certified or even known NH;

concentration. All NH; measurements will be corrected for the converson efficiency determined in this

way.

8.2 Assessment and Audits

8.2.1 Technical SystemsAudit

Battdlle's Qudity Manager, Ms. Sandy Anderson or her designee, will perform atechnica
systems audit once during a verification test. The purpose of thistechnica systems audit isto ensure
that the verification test is being performed in accordance with this test/QA plan and that al QA/QC
procedures are being implemented. During this audit, Ms. Anderson will review the cdibration sources
and methods used, compare actua test procedures to those specified in this plan, and review data
acquisition and handling procedures. She will dso review instrument calibration records and gas
certificates of andyss.

8.2.2 Performance Evaluation Audits

Performance evauation audits will be conducted to assess the qudity of the measurements
made in this verification test. These audits address only those measurements made by Battellein
conducting the verification tes, i.e., the monitors being verified and the vendors operating these
andyzers are not the subject of the performance evauation audits. These audits will be performed by
andyzing a sandard or comparing to a reference that isindependent of standards used during the
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testing. These auditswill be performed once during the verification test of each monitor. The audit
procedures, which are listed in Table 6, will be performed by the technica staff responsible for the
measurements being audited. Battelle's Quality Manager will be present during at least one of the
performance eval uation audits to assess the results.

The measurements (physica or chemica) will undergo the performance eva uation audit by
comparison to independent measurements or standards, as indicated in Sections 8.1.2 through 8.1.8,

and summarized in Table 6. If during the performance evauation audit, the measurement
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Table6. Summary of Performance Evaluation Audit Procedures®

M easur ement to be Audited Audit Procedure

Compare measurements using
an independent NO standard.

Compare to independent
temperature measurement (Hg
thermometer)

Rdative humidity

Compare to independent RH
measurement (wet/dry bulb
device)

Oxygen

Compare to independent
oxygen measurement (different
andyzer)

Carbon Monoxide

Compare measurement using
an independent carbon
monoxide standard

Carbon Dioxide

Compare measurement using
an independent carbon dioxide
standard

Compare to independent ozone
measurement (different
andyzer)

Compare measurements using
an independent NO standard

Other target gases (e.g.
benzene, methane, etc.)

Comparison to results of gas
chromatographic andysis of
caniser sample

HF

Comparison to results of ion
Selective eectrode or ion
chromatography anaysis of
impinger sample
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@ Each audit procedure will be performed at least once during the
verification test.
being audited does not meet the specified performance criteria, the verification test will be stopped until

the cause of the failed audit is determined.

Table 6 indicates that performance auditing of the prepared HF and hydrocarbon
concentrations will be conducted by independent analysis of the test gas mixture supplied to the optical
cdl during verification testing. For the target organic compounds (i.e., methane, benzene, ethylene,
cyclohexane, and tetrachloroethylene), this procedure will involve collecting a sample of the test gas
mixture exiting the cell using a pre-cleaned and evacuated Summa-polished sampling canigter. Thisgas
sample will be returned to Battelle, and analyzed using EPA Method 18 when applicable for the target
hydrocarbons (methane, benzene, ethylene, and cyclohexane) using gas chromatography with flame
ionization detection (GC/FID). Cdibration of the FID response will be based on aNIST propane
gtandard containing 9 ppm carbon. Anayss for tetrachloroethylene will be by GC with mass sdective
detection (GC/MS), using agravimetricaly prepared standard of the target compound for calibration.

For HF, the performance audit will involve passng a known volume of the gas mixture exiting
the optica cdl through an impinger containing delonized water. The collected HF solution will then be
andyzed at Battelle by either of two techniques. an ion sdective dectrode, asisthe bass for EPA
Method 13B, or ion chromatography for fluoride ion. In ether case calibration will be based on
fluoride solution standards prepared gravimetricaly from high purity water and reagents.

For both the organics and HF, the andlytica results of the performance audit samples must
indicate concentrations in the optica cdl within 10 percent of the expected concentrations. If not, the
target gas source and dilution system will be assembled at Battelle, and additiona sampleswill be
collected and analyzed to re-establish the output of the gas source and dilution syssem. The same
optica cel usad in the verification test will be obtained from the technology vendor for use in this effort.

8.2.3 Data Quality Audit

Battelle' s Quality Manager will audit at least 10 percent of the verification data acquired in the
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verification tes. The Qudity Manager will trace the data from initid acquisition, through reduction and
datistical comparisons, and to find reporting. All caculations performed on the data undergoing audit
will be checked.

8.3 Assessment Reports

Each assessment and audit will be documented in accordance with Section 2.9.7 of the QMP
for the AMS pilot.). Assessment reports will include the following:

C Identification of any adverse findings or potentid problems

C Response to adverse findings or potentia problems

C Possible recommendations for resolving problems

C Citation of any noteworthy practices that may be of use to others

. Confirmation that solutions have been implemented and are effective.

8.4 Corrective Action

The Qudity Manager during the course of any assessment or audit will identify to the technical
gaff performing experimenta activities any immediate corrective action that should be taken. If serious
qudity problems exig, the Battelle Quality Manager is authorized to stop work. Once the assessment
report has been prepared, the Verification Test Coordinator will ensure that aresponse is provided for
each adverse finding or potentid problem, and will implement any necessary follow-up corrective
action.

9. DATA ANALYSISAND REPORTING
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Data acquisition in this verification test includes recording of response data from the monitors
undergoing testing, operationa data such as ambient RH and temperatures, times of test activities, etc.

Data acquistion for the commerciad monitors undergoing verification is primarily performed by
the vendors themselves during the test. Each monitor must have some form of data acquisition device,
such asadigital display whose readings can be recorded manually, a printout of the monitor’'s
response, or an electronic data recorder that storesindividua monitor results. Throughout the test the
vendor will be responsible for reporting the response of the monitor to the sample gases provided.
Forms for this purpose will be provided as needed by Béttelle.

Other data will be recorded in |aboratory record books maintained by each Battelle staff
member involved in thetesting. These records will be reviewed on a daily basis to identify and resolve
any inconggtencies.

Indl cases, drict confidentidity of datafrom each vendor’s monitor, and strict separation of
data from different monitors, will be maintained. Separate files (including manua records, printouts,
and/or eectronic datafiles) will be kept for each monitor. At no time during verification testing will
Battelle staff engage in any comparison or discussion of test data or of different monitors.

Table 7 summarizes the types of data to be recorded, where, how often, and by whom the
recording is made, and the disposition or subsequent processing of the data. The general gpproach is
to record al test information immediately and in a consstent format throughout al tests. Data recorded
by the vendorsis to be turned over to Battelle saff immediately upon completion of the test procedure.
Test records will then be converted to Excel spreadshet files by a designated Battelle staff member.
Identical file formats will be used for the data from al analyzers tested, to assure uniformity of data
trestment. This process of data recording and compiling will be overseen by the Verification Test

Coordinator.

9.2. Statigtical Calculations

Performance characterization is based on Satistical comparisons of continuous open-path
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monitor results to the known concentrations of the target gases. The following statistical procedures

will be used to make those comparisons.
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Table7. Summary of Data Recording Processfor the Verification Tests
Datato be Recorded When Recorded Disposition of Data

Dates, Times, Test Events Data Start of each test, Used to compile result,
Sheet® whenever testing manually entered into
conditions change spreadsheet as necessary

Test Parameters (temp., Data Every hour during Transferred to
RH, etc) Sheet® testing spreadsheet

Interference Gas Data Before and after each | Transferred to
Concentrations Sheet® measurement of spreadsheet
target gas

Target Gas Data At specified time Transferred to
Concentrations Sheet® during each test spreadsheet

Optical Open-Path Data At specified time Transferred to
Monitor Readings Sheet® during each test spreadsheet

@ Sample data sheet provided in Appendix A.
9.21 Minimum Detection Limit
The minimum detection limit (MDL) is defined as the smalest concentration at which the

monitor’ s expected response exceeds the calibration curve at the background reading by two timesthe
standard deviation (s ,) of the monitor’s background reading.

MDL * X_%26,

9.2.2 Linearity

Both concentration and source strength linearity will be assessed by linear regresson with the
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certified gas concentration as independent variable and the monitor’ s response as dependent variable.
Linearity will be assessed in terms of the dope, intercept, and corrdation coefficient of the linear
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regression.

y " Mx%b

wherey isthe response of the monitor to a reference gas, x isthe concentration of the target gasin the

optica cell, M isthe dope of the linear regresson curve, and b isthe zero offset.
9.2.3 Accuracy

The relative accuracy (A) of the monitor with respect to the reference gas will be assessed by:

_R-1.
A= = 100

where the bars indicate the mean of the reference (R) vaues and monitor (T) results. This parameter

will be determined at each concentration.
9.24 Precison
Precision will be reported in terms of the percent relative standard deviation (RSD) of a group

of amilar measurements. For a set of measurementsgivenby T,, T, ..., T,, the sandard deviation

(6)of these measurementsis:

g1 o 0
[o}
S =a d (Tk' T)zu

where T isthe average of the monitor’sreadings. The RSD is caculated from:
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and isameasure of the measurement uncertainty relative to the absolute va ue of the measuremen.

This parameter will be determined at each concentration.

9.25 Interferences

The extent of interference will be caculated in terms of sengtivity of the monitor to the
interferent pecies, rdative to its sengtivity to the target gas a afixed integration time. Therdative
sengitivity is caculated as the ratio of the observed response of the monitor to the actua concentration
of the interferent. For example, a monitor that reports 26 ppb of cyclohexane in air with an interference
concentration of 100 ppb of CO, may report 30 ppb of cyclohexane when the CO, concentration is
changed to 200 ppb. Thiswould result in an interference effect of (30 ppb - 26 PPb) o, cionexane (200pPb
- 100 ppb) g, Or 4 percent.

9.3. Data Review

Records generated by Battelle saff in the verification test will receive one-over-one review
within two weeks after generation, before these records are used to calculate, evauate, or report
verification results. These records may include laboratory record books; equipment cdibration
records; and data sheets used to record the monitor’ s response. This review will be performed by a
Battelle technical staff member involved in the verification test, but not the staff member that origindly
generated the record. The review will be documented by the person performing the review by adding
higher initids and date to a hard copy of the record being reviewed. This hard copy will then be
returned to the Battelle staff member who generated or who will be storing the record.

In addition, data cal culations performed by Battelle will be spot-checked by Battelle technica
saff to ensure that caculations are performed correctly. Caculations to be checked include
determination of each monitor’'s precison, accuracy, minimum detection limit, and other Satistica

cdculationsidentified in Section 9.2 of thistest/QA plan.
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9.4. Reporting

Statistical data caculations that result from each of the tests described above will be conducted
separately for each optica open-path monitor. Separate verification reports will then be prepared,
each addressing the monitor provided by one commercid vendor. For each parameter evaluated in this
verification test, the verification report will present the measurement data, as well as the results of the
detigtical evauation of those deta.

The verification report will briefly describe the ETV program and the AMS pilot, and will
describe the procedures used in the verification test, but will include specific requirements or departures
from procedure necessitated in testing of the individual monitor in question. These sections will be
common to each verification report resulting from this verification test. The results of the verification
test will then be stated quantitatively, without comparison to any other monitor tested, or any comment
on the acceptability of the monitor’s performance. The preparation of draft verification reports, the
review of reports by vendors and others, the revision of the reports, final gpproval, and the distribution
of the reports, will be conducted as stated in the Generic Verification Protocol for the Advanced
Monitoring Systems Pilot.3 Preparation, approva, and use of verification statements summarizing the
results of thistest will aso be subject to the requirements of that same Protocol.

10. HEALTH AND SAFETY

10.1. General

The hedlth and safety officer of the test facility, whether Battelle or one of the monitor vendors,
will review the necessary hedlth and safety requirements and guiddines for the facility with Battelle and
vendor gaff before the verification tet begins. Battdlle staff involved in this verification test will operate
under these established requirements and guidelines as well as under appropriate procedures covered in
the Battelle Safety Manud. Specificaly, the use of persond protective equipment, as defined in
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procedure SIH-PP-01, will be used, and the chemical safety

protocols st forth in SIH-PP-05 will be followed. It is expected that while on Bettelle s site, dl
vendor representatives will operate according to the Battelle Site requirements.

10.2. Potential Hazards

Vendor gaff will only be operating their open-path monitors during the verification test. They
are not responsible for, nor permitted to, generate dilution gases, or perform any other verification
activities identified in this test/QA plan. Operation of the open-path monitors does not pose any known
chemicd, fire, mechanicd, dectrical, noise, or other potentia hazard.

10.3. Training

All vendor staff will be given a safety briefing prior to their ingdlation and operation of ther
monitors in Battelle |aboratories. This briefing will include a description of emergency operating
procedures (i.e,, in case of fire, tornado, bomb, |aboratory accident) and identification and location and
operation of safety equipment (e.g., fire darms, fire extinguishers, eye washes, exits). Similar ingtruction
will be provided by the vendor to dl Battelle staff members traveling to the vendor’s site.
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11. DEFINITIONS

Accuracy — The degree of agreement between the response of the optical open-path monitor and

actua gas concentration.
Dilution System - An instrument or gpparatus equipped with mass flow controllers, capable of flow
control to £1 percent accuracy, and used for dilution of the target gas to concentrations suitable for the

testing of the monitors.

Monitor - System provided by vendor, consisting of aradiation source and detector, used to measure

atmospheric pollutants.

Minimum Detection Limit - The concentration at which the response of the optical open-path

monitor equals two times the sandard deviation of the noise level at the monitor background.

Linearity — Thelinear proportiond relationship expected between anayte concentration and monitor

response over the full measuring range of the monitor.

Precision - The degree of mutua agreement among successive readings of the same sample gas.

Neutral Density Filter - An opticd filter that attenuates an incident beam of radiation without
changing its spectra digtribution, that is, it has a congtant transmittance over a wide spectra range.

I nterference - The response of the monitor to a congtituent of the sample gas other than the target gas.
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Pathlength - Thelinear distance over which the radiation from the optica open-path monitor travels
between the source and detector.

Target gas - The gasfor which the monitor is making its measurement.
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APPENDIX A

EXAMPLE DATA SHEET
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ETV Advanced Monitoring Systems Filot
Verification of Optical Open-Path Monitor
Vendor

I nstrument

Ambient O, Concentrations (ppb)

Ambient CO, Concentrations (ppb)

Ambient RH (%)

Ambient O, Concentrations (ppb)

Ambient Temp (F)

ntegration Time

athlength

oncentration in Cell
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