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SECTION A: PROJECT MANAGEMENT
Al: Project/Task Organization

The US Environmental Protection Agency (EPA) has overall responsibility for the Environmental
Technology Verification (ETV) Program for Air Pollution Control Technology (APCT).
Research Triangle Institute (RTI1) is EPA’s verification partner in this effort. The APCT program
has selected paint overspray arrestors (POA) as a technology to be verified.

Management and testing within the POA program are performed in accordance with procedures
and protocols defined by a series of quality management documents. These include EPA’s
Quality Management Plan (QMP) for the overall ETV program, RTI’s Environmental Sciences
and Engineering (ESE) Quality Manual, the QMP for the overall APCT program, the Generic
Verification Protocol for Paint Overspray Arrestors, and Test/QA Plans prepared by each
participating test laboratory. Table 1 summarizes these documents.

RTI will conduct laboratory tests on paint overspray arrestors, analyze data, and prepare
verification reports and verification statements. The various quality assurance (QA) and
management responsibilities are divided between EPA and RTI key project personnel as defined
below. The lines of authority between key personnel for this project are shown on the project
organization chart in Figure 1.

Al.1 Management Responsibilities

Project management responsibilities are divided among the EPA personnel and RTI personnel as
listed below.

Al1.1.1 EPA Project Manager

The EPA Project Manager, Dr. Ted Brna, has overall responsibility for the APCT program. Heis
responsible for granting final approval of project plans and reports and seeing that plans are
implemented according to schedule, and he requests the resources necessary to meet project
objectives and requirements.

A1.1.2 RTI Project Manager

The RTI Project Manager for the APCT program is Mr. Jack Farmer. He has overall
responsibility for QA inthe APCT program and in technology-specific verification tests. He will
assign technology verification task leaders; oversee verifications; review technical panel makeup;
and review generic verification protocol and test-specific quality documents. These
responsibilities are described in greater detail in Section 2 of the QMP.
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Table 1. Quality Management Documents Applicableto the POA Task

Document Description

EPA'sETV QMP | EPA’SETV QMP lays out the definitions, procedures, processes, inter-
organizational relationships, and outputs that will assure the quality of both the
data and the programmeatic elements of ETV. Part A of the ETV QMP contains
the specifications and guidelines that are applicable to common or routine quality
management functions and activities necessary to support the ETV program. Part
B of the ETV QMP contains the specifications and guidelines that apply to test-
specific environmental activities involving the generation , collection, analysis,
evaluation, and reporting of test data. (EPA’s Quality and Management Plan for
the Pilot Period (1995-2000), May 1998.)

ESE Quality ESE’s Quality Manual describes the quality systemsin place for RTI’ s technical
Manual research unit containing the APCT program. ESE’s quality manual complies
with ANSI/ASQC Standard E4-1994. The scope of this manual encompasses
performance criteria, requirements, and procedures for managing the quality of all
work conducted by or on behalf of ESE. Therefore, ESE’ s quality manual
appliesto all ESE staff as well as people who perform work on behalf of ESE,
such as staff from other RTI research and administrative units, and others who
contribute to projects managed by ESE.

APCT'sQMP APCT’s QMP describes the quality systems in place for the overal APCT
program. It was prepared by RT1 and approved by EPA. Among other quality
management items, it defines what must be covered in the generic verification
protocols and Test/QA plans for technologies undergoing verification testing.

Generic Generic Verification Protocols are prepared for each technology to be verified.
Verification These documents describe the overall proceduresto be used for testing a specific
Protocols technology and define the data quality objectives (DQOs). With input from the

POA Technical Panel, RT| prepared the generic verification protocol for POA
and the document was reviewed and approved by EPA. While specific to the
testing of paint overspray arrestors, the document is*“ generic” in that it appliesto
many types and brands of paint overspray arrestors.

Test/QA Plans Test/QA Plans are prepared by each participating test laboratory. The Test/QA
Plan describes, in detail, how the testing laboratory will implement and meet the
requirements of the Generic Verification Protocol. The Test/QA Plan addresses
issues such as the laboratory’ s management organization, test schedule,
documentation, analytical method and data collection requirements, calibration
traceability, and specifies the QA and QC requirements for obtaining verification
data of sufficient quantity and quality to satisfy the DQOs of the Generic
Verification Protocol.
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EPA Project Manager | EPA (uality Mamager
Dr.T. Bma Dr. P. Groff
Rl Project Manoger RTT Quality Mamager
Mr.J. R, Farmer M. R Wright
RTT Deputy Project Manager
Dr. D.WV. VenOsaell
|
Rl Tosk Leader RTT Task QA Officer
Mr.J. T Hanley Dr. CE. Tutsch
Test Analyst
MK Owen
Test Operators
DA Body and A.C. Clayton

Figure1l. Organization Chart. Dashed linesindicate
organizational independence.
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The Deputy Manager, Dr. Douglas VanOsdéll, reportsto the APCT Project Manager and
substitutes for the APCT Project Manager if that individual is absent. The Deputy manager is
responsible for any functions delegated to him by the APCT Project Manager.

Al1.1.3 RTI Task Leader

The RTI task leader for the POA testsis Mr. James Hanley. He will manage the POA
technology verification test. With the concurrence of the APCT Program Director, the task
leader will select atask QA Officer, prepare a preliminary generic verification protocol, atest/QA
plan and any standard operating procedures (SOPs) that are needed for the specific technology
verification test in cooperation with the task QA Officer; develop staffing requirements; identify
candidates for the Technical Panel; and propose a budget for the technology verification test from
test start through development of the generic verification protocol. After atechnical assessment,
the technology verification task leader is responsible for developing and implementing corrective
actions. These responsibilities are described in greater detail in Section 2 of the QMP.

Mr. Hanley will be assisted by Ms. M. Katheen Owen, Mr. DeVaughn A. Body, and Mr. A. Clint
Clayton. Ms. Owen will be the test analyst, will perform data analysis and report preparation, and
will be the sample custodian. Mr. Body and Mr. Clayton will be the test operators performing the
actual testing. Each of these personsis experienced in carrying out their respective duties.

Al1.2 Quality Assurance Responsibilities
QA responsihilities are divided among the EPA personnel and RTI personnel as listed below.
Al.2.1 EPA Quality Manager

The EPA Quality Manager for the POA task is Mr. Paul Groff. He isresponsible for ensuring
adherence with ETV quality requirements and auditing APCT Program testing. While EPA will
audit RTI’stesting, RTI will audit the testing by other laboratories; however, EPA retains the
option to conduct audits of the other laboratories. Mr. Groff will be available to resolve any QA
issues relating to conformance to EPA’s QA requirements. Specific functions and duties of the
EPA Quality Manager include approving the contents of this Test/QA Plan and subsequent
revisions and reviewing QA reports prepared by RTI, including QA evaluations and audits.

Al.2.2 RTI Quality Manager

The RTI Quality Manager for the APCT program is Mr. Robert S. Wright. He isresponsible for
preparation of the QMP, for review of generic verification protocol and test-specific quality
documents, and for conducting independent technical assessments of the verification tests. These
responsibilities are described in greater detail in Section 2 of the QMP. The RTI Quality Manager
isindependent of the unit generating the data.
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A1.2.3 RTI Task QA Officer

The RTI Task QA Officer for the POA testsis Dr. C. E. Tatsch. He will handle the QA activities
directly associated with specific verification tests, including conducting task-specific technical
assessments and preparing task-specific test/QA plans and any needed SOPs in cooperation with
the technology verification task leader to ensure that technology verification tests are
implemented in conformance with these documents. These responsibilities are described in greater
detail in Section 2 of the QMP. The RTI Task QA Officer isindependent of the unit generating
the data.

A2: Problem Definition/Background

(The protocol provides extended discussions on problem definition and background from which
portions of the following have been extracted.)

Paint overspray arrestors are particle collection devices (e.g., filters) used to control particle
emissions from paint spraying operations. Much of the impetus for this verification program
comes from the recently promulgated National Emission Standard for Hazardous Air Pollutants
(NESHAP) for Aerospace Manufacturing and Rework Facilities (Code of Federal Regulations,
Volume 40, Part 63, Appendix A). The NESHAP establishes filtration efficiency requirements for
paint overspray arrestors used in new and existing aerospace facilities, shown in Tables 2 - 5, and
presents the test method to be used to make these filtration efficiency determinations (Method
319, “ Determination of Filtration Efficiency for Paint Overspray Arrestors’).

The objective of the Paint Overspray Arrestor program isto verify the filtration efficiency
performance of arrestors using Method 319 and to produce verification statements for
dissemination to the public.

A3: Project/Task Description and Schedule
A.3.1 Project/Task Description

(The protocol provides extended discussions on project/task description from which portions of
the following have been extracted.)

Testing will be performed on dry-type paint overspray arrestors; water-wash systems are not
included. The arrestors must be commercial-ready. The focus will be on arrestors used in the
aerospace industry, but arrestors used in other fields may also be evaluated. The test arrestors
will not exceed 24-inch x 24-inch face dimensions.

For arrestors that operate on principles not compatible with testing by Method 319 (as may occur
with innovative technologies), the APCT program will prepare separate verification protocols for
these technologies. These protocols must be approved by the Technical Panel prior to
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TABLE 2. EXISTING FACILITIES;
LIQUID-PHASE CHALLENGE AEROSOL PARTICLES

Filtration efficiency requirement,

Aerodynamic particle diameter range,

% pm
>90 >57
>50 >4.1
>10 >22

TABLE 3. EXISTING FACILITIES;
SOLID-PHASE CHALLENGE AEROSOL PARTICLES

Filtration efficiency requirement,

Aerodynamic particle diameter range,

% pm
>90 >81
>50 >5.0
>10 >26

TABLE 4. NEW FACILITIES,
LIQUID-PHASE CHALLENGE AEROSOL PARTICLES

Filtration efficiency requirement,

Aerodynamic particle diameter range,

% pm
>95 >2.0
>80 >1.0
> 65 >0.42

TABLES5. NEW FACILITIES,
SOLID-PHASE CHALLENGE AEROSOL PARTICLES

Filtration efficiency requirement,

Aerodynamic particle diameter range,

% pm
>95 >25
> 85 >1.1
>75 >0.70
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performing verification testing. The general approach of these protocols, if needed, will be to use
Method 319 to the extent that is reasonable and have any deviations remain consistent in spirit
with Method 319 (i.e., verifying an arrestor’ sfiltration efficiency performance for respirable
particles as listed in Tables 2 - 5).

Verification parameters will consist of the 0.3 - 10 um filtration efficiency (curves and data
tables), the computed filtration efficiency corresponding to the particle diameters specified in the
Aerospace NESHAP (see Tables 2 - 5), and the pressure drop across the arrestor at the test flow
rate.

A.3.2. Schedule

To provide a controlled start to the testing program, testing will be conducted in rounds. As
specified in the protocol, Round 1 will consist of arrestors intended by the manufacturers to meet
the NESHAP requirements for new facilities (i.e., these are the higher efficiency type of
arrestors). Following a notice to manufacturers, six manufacturers have agreed to participate in
Round 1 testing. Each of these manufactures will submit one arrestor model for testing
(following procedures specified in the protocol). Testing is currently planned to beginin late
February or early March 1999. The Round 1 tests will take approximately 3 weeksto complete.
Round 2 testing will consist of arrestors intended by the manufacturers to meet the NESHAP
requirements for existing facilities. It isanticipated that up to approximately ten manufacturers
may participate in the Round 2 testing. These tests are tentatively planned to be conducted during
the Summer of 1999. After Round 2, testing is anticipated to be conducted on a* by request”
basis.

A4: Quality Objectivesand Criteria for M easurement Data

The data quality objectives (DQOs) are presented in Table 6. The DQOs contain all the DQOs
specified in the protocol with added criteria for arrestor pressure drop and acceptable ranges of
test temperature and relative humidity (based on requirements within Method 319).

Ab5: Special Training Requirements/Certification

The task leader and test analyst should have extensive experience in filtration efficiency
measurements, the theory and operation of aerosol particle counters, an understanding of filtration
mechanisms that lead to particle collection in filters (e.g., inertia impaction, interception, and
diffusion), be familiar with the characteristic shape of filtration efficiency curves, be
knowledgeable of the aerosol generation process, and be knowledgeable of aerosol transport in
sample lines.

The test operators should be thoroughly familiar with the operation of the test duct, the aerosol
generator, and the particle counter. They should be experienced in testing paint overspray
arrestors, or similar filtration devices, for filtration efficiency over the 0.3 - 10 um size range.
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TABLE 6. Data Quality Objectives

Parameter Frequency and description Control Limits
Minimum counts per channel | Each efficiency test. Minimum total of 500 particle counts per
for challenge aerosol channel.
Maximum particle Each efficiency test. Needed to ensure OPC isnot | <10% of manufacturer's claimed upper limit
concentration overloaded. corresponding to a 10% count error.
Standard Deviation of Computed for each efficiency test based on the <0.10 for 0.3 to 3 um diameter
Penetration coefficient of variation (CV) of the upstream and <0.30 for >3 um diameter
downstream counts.
0% Penetration Monthly. <0.01
100% Penetration - Solid- A 100% penetration test using KCl aerosol is Particle Acceptable
phase aerosol (KCI) performed immediately before each KCl arrestor Sizerange Penetration Range:
efficiency test. 0.3to 1um: 0.90to 1.10
1to3um: 0.75t01.25
3 to 10pm: 0.50to 1.50
100% Penetration - Liquid- | A 100% penetration test using oleic acid aerosol is | Particle Acceptable
phase aerosol (oleic acid) performed immediately before each oleic acid Sizerange Penetration Range:
arrestor efficiency test. 0.3to 1um: 0.90to 1.10
1to3um: 0.75t01.25
3to 10um: 0.50to 1.50
Temperature The test duct air temperature measured for each 50 - 100 °F acceptable test condition range.
run. Measurement accuracy of +/- 2 °F
Relative Humidity The test duct relative humidity measured for each | < 65% acceptable test condition range.
run. Measurement accuracy of +/- 10 % RH
Airflow accuracy Every 6-months. Compare duct airflow Duct airflow measurements must be within +/-
measurement to reference flow device. 5% of reference measurement.
Precision of airflow For a given airflow setting, the measurement Ten consecutive measures of airflow made at
measurement device must provide a steady airflow reading. 10-second intervals. Precision computed as the
Checked annually. 95% confidence interval for the mean airflow

measurement. Precision must be within +/-
5% of the set point airflow.

Resolution of Airflow Airflow measurement must be readable to within | The resolution of the airflow measurement
measurement 5% of set point. Changesin airflow of 5% from system shall not exceed 5% of the set point
set point must be clearly discernable. Checked airflow.
annually.
OPC zero count Each test. OPC samples HEPA-filtered air. <50 counts per minute.
OPC sizing accuracy check: | Daily. Sample aerosolized PSL spheres. Peak of distribution should be in correct OPC
Polystyrene latex spheres channel.
(PSL)
OPC sizing accuracy check: | Performed immediately prior to beginning Method | Measured efficiency must fall within +/- 10%
Reference filter 319 test of aproduct. Measure filtration efficiency | of previous measurements (i.e., within a 10%
of laboratory reference filter. shift in particle size and/or filtration efficiency)

when compared to efficiency of reference filter
measured after primary OPC calibration.

OPC cdlibration: Primary Primary calibration performed by manufacturer at | Manufacturer provides certificate of

calibration manufacturer-specified intervals; but at least calibration.

annually.
Pressure drop across the Annual. Compare to reference manometer. Inclined manometer readable to within +/- 0.01
arrestor in. H,O. 10% or better accuracy.
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Aerosol charge neutralizer Monthly. Confirm activity of radioactive charge Activity must be detected in radioactive
neutralizers. Confirm balance of corona discharge | neutralizers. Corona discharge neutralizers
neutralizers. must be in balance.

All test personnel that handle the aerosol neutralizer (a radioactive source) must receive
appropriate radiation safety training.
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A6: Documentation and Records

Requirements for record keeping and data management for the overall APCT program are found
in Section 3.6 of the APCT QMP. All verification test data, calibration data, certificates of
calibration, assessment reports, verification reports, and verification statements will be retained by
the APCT program office for a period of not less than 7 years after the final payment of the
assistance agreement as per Part A, Section 5.3 of the ETV QMP.

A6.1 Laboratory Documentation

The test operator records test data and notes on test run sheets prepared specifically for these
tests (presented in Appendix A). The sheets are kept in alabeled 3-ring binder. The run sheets are
designed to prompt the test operator for all required test information:

- Testing date, time, and operator

- Manufacturer and model number of arrestor

- Physical description of filter

- QA checks on the equipment and data

- Test conditions (T, RH, atmospheric pressure, flow rate, arrestor pressure drop)

- Data quality checks

The particle count data generated by the OPC are printed as they are obtained, and inserted into
the test notebook upon test completion. These data are simultaneously stored on the data
acquisition computer hard drive as the samples are obtained. The test run sheet includes an entry
for the file name. Each file name is unique and is based on the date (MMDDY'Y) and sequential
run (SS) of that day: MMDDYY SS. This number is used on the run sheets, written on the test
arrestor, written on the OPC printout, and used as the computer file name.

After each test, the data are transferred from the data acquisition computer’s hard drive to a
computer diskette, labeled with the test number, and loaded into a spreadsheet program on the
laboratory data analysis computer to inspect the data. Within the spreadsheet, the run number is
inserted to “tag” the data. The spreadsheet file is saved on the data analysis computer using the
same unique file name.

Upon completion of the test series for an arrestor, the data files are copied onto the diskette and
taken the to test analyst’s office. The test analyst copies the data onto an office computer and
stores the diskette.

A6.2 QA/QC Reports

After the completion of verification tests, control test data, sample inventory logs, calibration
records, and certificates of calibration will be stored with the verification test data in the APCT
Program Office. Calibration records will include such information as the instrument being
calibrated, raw calibration data, calibration equations, analyzer identifications, calibration dates,
calibration standards used and their traceabilities, identification of calibration equipment used, and
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staff conducting the calibration. Final reports of self-assessments and independent assessments
(i.e., technical systems audits, performance evaluations, and audits of data quality [TSAS, PEs,
and ADQs]) will be retained in the APCT Program Office. Each verification report and
verification statement will contain a quality assurance section, which will describe the extent that
verification test data comply with data quality objectives.

A6.3 Verification Reportsand Verification Statements

The content and format for the Verification Reports and Verification Statements are specified in
the Section 4 of the protocol.

Verification reports and verification statements will be prepared by the RTI task leader and the
RTI Task QA Officer, will be reviewed by the RTI Project Manager and the RT1 Quality
Manager, and will be submitted to the EPA Project Manager for approval. Procedures for the
preparation, review, and dissemination of verification reports and verification statements are
described in Sections 5 and 14 of the protocol and in Section 2.5 of the APCT QMP.
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SECTION B: MEASUREMENT/DATA ACQUISITION
B1: Sample Process Design (Experimental Design)

The protocol provides extended discussions on experimental design of this project. A brief
summary is provided below.

The test program will measure the filtration efficiency of paint overspray arrestors. The test
method is EPA’s Method 319 “ Determination of Filtration Efficiency for Paint Overspray
Arrestors.” Manufacturer’s will submit arrestors for testing that they wish to have verified. To
verify an arrestor’s performance, a series of filtration efficiency tests are performed using solid-
phase and liquid-phase challenge aerosols. The efficiency tests are performed in triplicate.
Control tests consisting of a reference filter test and 0% and 100% penetration tests are also
performed. Table 7 shows the anticipated test sequence.

Thetest arrestors will be supplied to the test laboratory directly from the manufacturer with a
letter signed by the manufacturer’s CEO (or other responsible corporate representative) attesting
that the arrestors were selected in an unbiased manner from a minimum of 100 similar arrestors
and have not been treated in any manner different from the arrestors they offer to the public. The
manufacturer will supply the test laboratory with 18 arrestors; from these 18 arrestors, the test
l[aboratory will randomly select 6 arrestors for testing.

All test data are collected in real time during an approximate 16-hr testing period. There are no
post-sampling procedures.

All tests will be performed in RTI’s Bay 6 laboratory located in Bldg. 11 of its RTP, NC campus.

The critical measurement parameters are the parameterslisted in Table 6. There are no additional
critical measurements.

The non-critical measurements are limited to atmospheric pressure, which is recorded as part of
the test condition documentation.

B2: Sampling M ethods Requirements
B2.1 Test Duct

The tests will be conducted in RTI's air cleaner test facility (Figure 2) which meets all the
requirements specified in Method 319. The test rig’'s ducting is primarily 24- x 24-in. square
cross section and made of 14-gauge stainless steel. The blower israted at 15 hp with aflow
capacity of 3000 cfm at 13 in. H,O. Theinlet and outlet filter banks consist of two 24- x 24- x 2-
in. prefilters and two 24- x 24- x 12-in high efficiency particulate air (HEPA) filters rated at 2000
cfm each. The system operates at positive pressure to minimize infiltration of room
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TABLE 7. EXAMPLE RUN SEQUENCE
FOR METHOD 319 TESTING

TEST
RunNo. | Reference | No Filter Test HEPA Challenge Aerosol
Filter Arrestor Filter
h 1 X
r . |
w ° x
Z 4 X
Solid-Phase
- ° -
O ° -
@ ! ”
(& - -
9 X*
m 10 X
> 11 X
=
T 12 X Liquid-Phase
u 13 X
u 14 X
q 15 X
ﬁ * HEPA filter test performed on a monthly basis.
(a8
wl
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Exhaust ASME Nozzle i
to Room Outlet Filter Bank Downstream Mixer

A00m | | y N

Air L | I
v ' ' |
— [ orc )
I T T
=X ©F wm>
Q | boves
¢ f \ See(\:ltli(;i Backup Filter
Inlet Filter Holder (Used When
Blower Bank Upstream Mixer Dust-Loading)
(3000 CFM Aerosol
at 13 in. H,0) Flow Control Generator
Valve

Figure2. Schematicillustration of the fractional efficiency test rig.
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air aerosol. In accordance with section 11.1.2.3 of Method 319, the arrestors will be tested with a
nominal face velocity of 120 fpm. For arrestors having nominal 24- x 24-in. face dimensions, this
corresponds to 480 cfm.

To mix the test aerosol with the air stream, an orifice plate and mixing baffle are located
immediately downstream of the aerosol injection point. An identical orifice plate/mixing baffle is
located after the 180° bend. The downstream orifice serves two purposes. It straightens out the
flow after going around the bend and it mixes any aerosol that penetrates the air cleaning device.
Mixing the penetrating aerosol with the air stream is necessary to obtain a representative
downstream aerosol measurement.

B2.2 Aerosol Generation

Two types of challenge aerosol are used: liquid-phase and solid-phase. The liquid-phase
challenge aerosol is oleic acid, a non-toxic, low-volatility liquid. The solid-phase aerosol is
potassium chloride (KCl) generated from an agueous solution (prepared by combining 280 g of
KCl with 1 L of distilled water).

The oleic acid or the KCI solution was nebulized using a two-fluid (air and liquid) air atomizing
nozzle (Spray Systems 1/4 J siphon spray nozzle). The nozzle was positioned at the top of a 12-
in. diameter, 51-in. tall transparent acrylic spray tower. The tower served two purposes. It
alowed the salt droplets to dry by providing an approximate 40-s mean residence time and it
allowed larger-sized particles (of either KCl or oleic acid) to fall out of the aerosol. After
generation, the aerosol passed through a TSI Model 3054 aerosol neutralizer (Kr-85 radioactive
source) to neutralize any electrostatic charge on the aerosol (electrostatic charging isan
unavoidable consequence of most aerosol-generation methods).

The KCI solution or oleic acid is fed to the atomizing nozzle at 1.2 mL/min by means of a pump.
Varying the operating air pressure of the generator allows control of the number concentration of
the challenge aerosol.

B2.3 Aerosol Sampling System

The aerosol sampling lines are 0.55-in. 1D stainless steel lines and use gradual bends (radius of
curvature = 2.25 in.) when needed. These dimensions were chosen to minimize particle losses in
the samplelines. A custom-made "Y" fitting connects the upstream and downstream lines to the
OPC. The two branches of the"Y" merge gradually to minimize particle loss in the intersection
of the"Y" dueto centrifugal or impaction forces. The upstream and downstream lines are
identical in terms if diameter, horizontal lengths, vertical lengths, and bends so as to have
approximately equal particle transport efficiency.

Immediately above the"Y," electrically actuated ball valves are installed in each branch (Parker
Model EA Electro-Mechanical Valve Actuator). The opening and closing of the valvesis
automatically controlled by the OPC. The valves take approximately 2 sto complete an opening
or closing maneuver.
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| sokinetic sampling nozzles of the appropriate entrance diameter are placed on the ends of the
sample probes to maintain isokinetic sampling for al the test flow rates.

B2.4 Test Procedures

The aerosol penetration of the test device will be calculated from the average of 10 upstream and
10 downstream samples taken sequentialy (i.e., one upstream, one downstream, one upstream,
one downstream, . . . until 10 each are obtained). This sequential sampling scheme was selected
to minimize the effect of aerosol generator variability. Each sample will be approximately 1-
minute in duration. The sampling also includes background upstream and downstream
measurements at the beginning and end of each test. The test sequence is as follows:

1 Warm up OPC, install proper sample tips for isokinetic sampling.

2. Install air cleaner test device and bring test duct to desired flow rate.

3. With the aerosol generator off, obtain one pair of upstream and downstream
background particle counts.

4, Turn on the aerosol generator and allow it to run for a minimum of 5 minutesto
stabilize.

5. After the stabilization period, obtain 10 upstream and 10 downstream particle
counts using a repeated upstream-downstream sampling sequence until 10 each are
obtained.

6. Turn off the aerosol generator. After purging, obtain an additional pair of
upstream and downstream background measurements.

B2.5 Control Tests

In addition to evaluating the test arrestor, 0% and 100% penetration control tests and reference
filter tests will be conducted to ensure that reliable measurements are obtained.

The 100% penetration test is arelatively stringent test of the adequacy of the overall duct,
sampling, measurement and aerosol generation system. These tests are performed as normal
penetration tests except that the paint arrestor is not used. A perfect system would yield a
measured penetration of 1 at al particle sizes. Deviations from 1 may occur due to particle losses
in the duct, differences in the degree of aerosol uniformity (i.e., mixing) at the upstream and
downstream probes, and differences in particle-transport efficiency in the upstream and
downstream sampling lines. A 100% penetration test is run prior to each arrestor test. Results
from the 100% penetration tests are used during data analysis to correct penetration
measurements obtained for the subsequent arrestor test.

The 0% penetration test is performed by using a HEPA filter rather than a paint arrestor. This
test confirms the adequacy of the instrument response time and sample line lag. The 0%
penetration test is performed on a monthly basis.

The reference filter test consists of retesting afilter that the laboratory maintains for this purpose.
By comparing the efficiency curve obtained to that from previous measurements on that same
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filter, shiftsin the OPC calibration, if present, will be detected. The reference filter test is
performed at the start of each Method 319 test sequence.

B3: Sample Handling and Custody Requirements

An inventory log will be maintained for the POA program. The inventory log will include entries
for date of receipt, name of person receiving the arrestors, the manufacturer and model number of
arrestors, condition of shipping boxes, condition of arrestors with details of any visual damage,
location of storage, and date tested. The log will also contain an entry to indicate that the
manufacturer has provided a letter certifying to the arrestors’ representativeness as specified in
the protocaol.

Upon receipt of the arrestors, they will be serially numbered with a permanent marker (or other
means as appropriate). All arrestors for this study will be stored in designated storage rooms or
areas (more than one storage space may be needed) in a manner that prevents
confusion/intermixing with other similar devices. The sample custodian will be Ms. Kathleen
Owen.

After the completion of a verification test, the arrestor will be identified with the same unique
number (MMDDY'Y SS) that will be used for the verification test data. After testing, the arrestors
may be moved to a designated space within RT1’s warehouse located a few miles from the test
laboratory. (Regent Place, Morrisville, NC).

B4: Analytical M ethods Requirements

The analytical methods to be used meet the requirements of Method 319. The primary analytical
method involves the use of an aerosol optical particle counter to measure aerosol concentrations
upstream and downstream of the arrestor from which the arrestor’ sfiltration efficiency is
determined. Analytical methods for determining pressure drop across the arrestor, air flow,
temperature, and relative humidity are used to set and monitor the test conditions.

B4.1 Aerosol Concentration

Aerosol concentrations will be measured with either a Climet Instruments Model Cl-226/8040 or
a Climet Instruments Model CI-500 depending upon the availability of the CI-500 at the time of
testing; the CI-500 is a new product currently in the final stages of development. Both OPCs use
a high intensity illumination source (white light for the 226/8040, laser diode for the CI-500) and
have a wide collection angle for the scattered light. Both have the same 15 contiguous particle
sizing channels between 0.3 and 10 um. The sampling rate for both OPCsis 0.25 cfm. Both
OPCs provide a contact closure at the end of each sample and also provide a 15-s delay in particle
counting after each sample. The contact closure is used to control the operation of
electromechanical valve actuators in the upstream and downstream sample lines. The 15-s delay
alows time for the new sample to be acquired.
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B4.2 Pressure Drop Acrossthe Arrestor

Pressure drop across the test arrestors will be measured with an inclined fluid manometer having
minor divisions of 0.01 inch (Dwyer model 424-5 or equivalent)

B4.3 Temperature

The temperature of the test airflow will be measured with a mercury thermometer. The
thermometer’ s indicated temperature will be compared to a reference thermometer to verify that
the sensor is accurate to within the control limits.

B4.4 Relative Humidity

The relative humidity of the test airflow will be measured with awet bulb / dry bulb psychrometer.
A psychrometric chart will be used to obtain the relative humidity from the indicated dry bulb
temperature and wet bulb depression. The psychrometer consists of a matched pair of mercury
thermometers. The indicated temperature will be compared to areference thermometer to verify
that each thermometer is accurate to within the control limits.

B4.5 Airflow

Airflow in the test duct is measured with a