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HL-OP-040(psm)

DOP OR EQUIVALENT TESTING OF HEPA FILTERS USING THE 

NUCON MODEL F-1000-DD AEROSOL DETECTOR WITH THE 

NUCON MODEL SN-10 AEROSOL GENERATOR

1.0 Scope

This procedure applies to the testing of high efficiency particulate air (HEPA) filtered systems, fixed or portable exhaust ventilation systems, and vacuum cleaners.
2.0 Purpose

The purpose of this document is to establish requirements, responsibilities, and procedures for dioctylphthlate (DOP) or equivalent, testing of HEPA filtered exhaust systems in conformance to existing Nuclear Regulatory Commission (NRC) license conditions (see Reference 3.1.1) and procedures given by test equipment manufacturers, governmental guides, and recognized advisory organizations’ publications.
3.0 References, Definitions, and Developmental Resources

3.1 References

3.1.1 NRC License SNM-7

3.1.2 HS-OP-001, Completion of the Industrial Safety Checklist

3.1.3 HP-AP-1.0, Battelle Columbus Laboratotories Decommissioning Project (BCLDP) Radiation Work Permit (RWP) Program
3.1.4 QD-AP-15.1, Nonconformance Reporting for Activities, Items, and Materials

3.1.5 SM-OP-001, Inspection and Maintenance Activities for Buildings JN-1, JN-2, and JN-3

3.1.6 PR-AP-17.1, Operation of the Project Records Management System

3.1.7 QD-AP-05.2, Work Instructions

3.2 Definitions


Refer to the BCLDP Procedures Dictionary for definition of the following term:




 DOP



3.3 Developmental Resources

3.3.1 NUCON Model F-1000-DD Aerosol Detector and NUCON Model SN-10 Aerosol Generator Operating Instructions

3.3.2 ASME N510-1989, Testing of Nuclear Air Treatment Systems

4.0 General

4.1 Precautions

4.1.1 The aerosol generator shall only be operated when the system containing the filter being testing is operating.
4.1.2 In addition to the appropriate protective clothing, DOP-resistant gloves (nitrile, butyl, natural rubber, neoprene, or viton compounds) and splash-proof safety goggles shall be worn when using DOP.
4.1.3 
4.1.4 Liquid DOP spills or leaks should be contained promptly and the spill area cleaned.
4.1.5 The DOP testing instruments shall be calibrated by NUCON on an annual basis
4.1.6 Respiratory protection may be used, at the discretion of the Safety Officer.
4.2 Equipment, Tools, and Materials

4.2.1 NUCON Model F-1000-DD Aerosol Detector

4.2.2 NUCON Model SN-10 Aerosol Generator

4.2.3 Union Carbide “Flexol” brand DOP or equivalent
4.2.4 Compressed air source capable of delivering a supply of clean, dry (moisture-filtered) air 2 to 12 cubic feet per minute (cfm) at 20 pounds per square inch, per manufacturer’s or facility rating
4.2.5 3/16-inch interior dimension x 1/32-inch wall Dekoron Plenum 1219 FR (flame and smoke classified) tubing
4.2.6 ½-inch reinforced red rubber air line hose
4.2.7 Appropriately sized hose clamps
4.2.8 25-foot grounded heavy duty extension cord for 110 volts
4.2.9 Appropriate hand tools (duct tape, screw driver, small crescent wrench, channel locks)
4.2.10 Gloves, lab coats, and safety glasses
CAUTION:
Keep wands labeled, “UPSTREAM” or “DOWNSTREAM,” and only use accordingly.

4.2.11 Two wands (2-foot-long steel tubes), attached to sample lines, one for upstream aerosol delivery and the other for downstream sampling
4.3 Special Safety Practices


Use of Industrial Safety Checklist is required (see Reference 3.1.2).
4.4 Component Description

4.4.1 The detector consists of an optic chamber, light source, three-position valve, fixed and variable calibration light sources, air filter (for zero reference), sample pump, power supplies, and operational amplifier/photodiode sensor.  Output is controlled with an automatic/manual range switch and zero and span potentiometers and is displayed on an analog meter readout.  A buffered meter signal is also available on the front panel accessory jack.  An optional hand-held sample probe is available for use with the detector.
4.4.2 The pump is a 1 cfm membrane pump capable of drawing samples against the negative pressures common in air cleaning systems.
4.4.3 The optics use forward light scattering to detect the concentration of aerosols.  Chamber and lens design has been optimized for high sensitivity and low stray light.
4.4.4 The light source is a high-intensity quartz halogen lamp powered by a regulated power supply, providing an exceptionally stable high-intensity light source.
4.4.5 The light detector is a solid-state photodiode with the built-in operational amplifier as part of the assembly.  An actively regulated power supply for the photodiode operational amplifier assembly ensures isolation from line voltage fluctuations.
4.4.6 A three-way valve directs either “CLEAR” filtered air or sample air from the UPSTREAM or DOWNSTREAM port into the optics when the TEST switch is in the TEST position.  Clear air is provided by a built-in filter of better than 99.97% efficiency, on 0.3-μ aerosol.
4.4.7 The analog meter is calibrated in percent.  Percent penetration or aerosol concentration may be read directly along with the RANGE display.
4.4.8 The RANGE display indicates the sensitivity of the system in powers of 10.  Selection of the range is either automatic or manual, as selected by the AUTO/MANUAL switch.  Press and release the UP/DOWN switch in the appropriate direction to manually select the range.  The RANGE display is located on the right side of the control panel.
4.4.9 The analog output gain is controlled by the SPAN control up to 10X increase.  Meter settings from approximately 10 to 100 percent can thus be achieved.
4.4.10 The front panel ZERO control provides a method of zeroing the system from any stray light resulting from reflection or other imperfections in the sensitive optical/detector system.
4.4.11 The CAL LIGHT control provides an adjustable source of light directly applied to the photodiode that serves as a method of linearity check and calibration.
4.4.12 The PRESET CAL push button simulates a preset value of aerosol concentration.
4.4.13 The ACC connector is on the left side of the control panel.  It is used to connect the remote probe or other devices (i.e., a chart recorder) to the instrument.  Pin 1 is chassis ground; pin 2 is the buffered meter signal (approximately 100 μA full scale); pin 3 is +5V DC; pin 4 is not connected.
4.5 Theory of Operation

4.5.1 The measurement of this system is the mass concentration of aerosol as measured by forward light scattering.  The optical system is designed so that, with no light scattering, there will be no light striking the photodiode.  Any particles in the sample flow stream will scatter or disperse the concentrated light so it will be detected by the photodiode.  The scattering is proportional to the density of particles in the stream.  Since the DOP (or equivalent) aerosol generator provides a known particle size distribution, the particle count versus mass is constant.
4.5.2 Output of the photodiode is proportional to the light striking it, and the electronic output is therefore proportional to the mass concentration of the aerosol in the sample stream.  
4.5.3 Realistically, it is not possible to have no light striking the photodiode due to minor reflections, lens aberrations, and some stray dust particles; the zero control must be used to eliminate their effects electronically.
4.5.4 The instrument’s range is controlled by feedback to the operational amplifier to ensure linear output over five decade ranges.
4.5.5 The calibration light is a small light-emitting diode (LED) located within the optics chamber that radiates directly upon the photodiode.  The instrument’s operation can thus be simulated through its entire sensitivity range by adjusting the LED’s intensity with the CAL LIGHT control.
4.5.6 In addition to linearity calibration check, a PRESET CAL push button is available.  By depressing this push button, an absolute value of concentration can be simulated.  This feature allows the use of the detector for single downstream point testing, providing a calibrated aerosol generator is used for upstream injection.
NOTE:
A Radiation Work Permit (Reference 3.1.3) and an Industrial Safety Checklist (Reference 3.1.2) are required.

5.0 Procedure
	FREQUENCY
	GRACE PERIOD
	NOTE: The aerosol testing is to be performed at least annually on fixed or portable exhaust systems and vacuum cleaners that contain HEPA filters.  After a fixed HEPA change-out, the fixed exhaust systems shall be tested within two working days, and the portable exhaust systems and vacuum cleaners tested as quickly as resources allow.  An “Out of Service” tag, with explanation, shall be placed on portable exhaust systems and vacuum cleaners after the HEPA change-out, then removed after the aerosol test.

	Daily
	Minus 0 days, plus 1 day
	

	Weekly
	Minus 1 day, plus 3 days
	

	Monthly
	Minus 7 days, plus 14 days
	

	Quarterly
	Minus 14 days, plus 30 days
	

	Annual
	Minus 60 days, plus 60 days
	

	
	


WARNING:
Don gloves, lab coat, and safety glasses before setup and operation.

NOTE:
Any equipment or system being DOP tested must be set up such that all incoming and/or exhaust air is captured for upstream and/or downstream sampling.

5.1 
5.1.1 
5.1.2 
5.1.3 
5.1.4 
5.1.5 
5.1.6 
5.1.7 
5.1.8 
5.1.9 
5.1.10 
5.1.11 
5.1.12 
5.1.13 
5.2 
5.2.1 
5.2.2 
5.2.3 
5.2.4 
5.2.5 
5.2.6 
NOTE:
The following steps are performed by decontamination and decommissioning (D&D) technicians qualified on this procedure and NUCON coursework.
5.3 Operation of NUCON Model F-1000 DD
5.3.1 Linearity Check

5.3.1.1 Set up aerosol detector.

5.3.1.2 Turn on main power (allow to warm up for 5 to 10 minutes while setting up aerosol detector).

5.3.1.3 Set CAL LIGHT to 000.

5.3.1.4 Set SPAN control to 000.

5.3.1.5 Set ZERO control to read zero on meter.

5.3.1.6 Set AUTO/MANUAL switch to manual.

5.3.1.7 Set TEST/CAL switch to CAL.

5.3.1.8 Set RANGE switch to 0.01 position using UP/DOWN switch.

5.3.1.9 Allow approximately 5 minutes for instrument to stabilize; readjust ZERO.

5.3.1.10 Set CAL LIGHT switch for a reading of 100 on the meter.

5.3.1.11 Turn RANGE switch to 0.1—meter should read 10.

5.3.1.12 Adjust CAL LIGHT to 100 on meter.

5.3.1.13 Turn RANGE switch to 1.0—meter should read 10.

5.3.1.14 Repeat for 10.0 and 100.  The span on higher ranges may be increased by using SPAN control to get full deflection, if needed.  Return CAL LIGHT to 000.

5.3.1.15 Set TEST/CAL switch to TEST.

5.3.1.16 Set AUTO/MANUAL switch to AUTO.

5.3.1.17 Use ZERO control for reading of zero on meter.

5.3.2 Field Calibration

The Linearity Check in Section 5.3.1 serves as a field calibration.

5.3.3 Response Check

Before attaching sample line to instrument, set selector switch to UPSTREAM position.  Office or laboratory air should produce a deflection of approximately 10 to 50 on the 0.01 range.
5.3.4 Operation

5.3.4.1 If response check (5.3.3) was performed, set selector switch to CLEAR position; otherwise go to 5.3.4.2.

5.3.4.2 After instrument has cleared, install sample lines to upstream and downstream ports.
5.3.5 Upstream Concentration

5.3.5.1 Set RANGE switch to AUTO position and SPAN control to 000.

5.3.5.2 Connect upstream and downstream sample lines to UPSTREAM and DOWNSTREAM ports.


NOTE:
Set up aerosol generator per Section 5.4.

5.3.5.3 Note and record downstream background value.

5.3.5.4 Inject DOP (or equivalent).

5.3.5.5 Turn valve to UPSTREAM position and read value on meter.

5.3.6 Downstream Concentration

NOTE:
For vacuums, check background on downstream side without DOP entering the vacuum.  Subtract background from DOP test value.

5.3.6.1 After upstream reading, turn valve to CLEAR position.  (Takes approximately 3 minutes to purge optical charger).

5.3.6.2 Rezero instrument by setting ZERO control on 0.01 range.

5.3.6.3 Turn valve to DOWNSTREAM position and read value on meter.

5.3.6.4 Return valve to the UPSTREAM position to confirm that the upstream concentration remained unchanged.

5.3.6.5 When done, tape all ends of sample lines and place caps on sample ports.

5.3.6.6 Perform calculations as described in Section 5.5.

5.3.6.7 After the system passes the DOP test, attach a completed “DOP test” sticker to a visibly apparent surface on the system.
5.4 Operation of NUCON SN-10 Aerosol Generator
5.4.1 Unscrew the outlet plug (off-center port) and refill the generator (as required) with test grade DOP (or other aerosol-generating liquid) to indicate ½ on the sight glass.

CAUTION:
Although a safety valve is installed in the plug to prevent over- pressurization of the generator tank, never apply air pressure to the generator before replacing the outlet plug with the outlet tube.

5.4.2 Unscrew the cap from the top of the nozzle (center port) and install the pressure regulator-air filter combination supplied with the generator.  Close the pressure regulator by turning the knob counter-clockwise.

5.4.3 Install the 1-inch stainless steel outlet tube supplied with the generator (off-center port).

5.4.4 Attach the air supply to the 3/8-inch Swagelok connector.  Slowly open the supply air by turning the regulator knob clockwise to reach the desired output pressure.  The output is proportional to the air pressure applied to the generator.

5.4.5 Inject the air-aerosol mixture into the inlet duct.  Use the shortest connection possible to avoid condensation of the aerosol.

5.5 Sample Calculation

5.5.1 Penetration/Leakage % = 
Downstream Reading

x 100





Upstream Reading


e.g.: Penetration/Leakage % = 
50 x 0.01

x 100






50 x 100


100% - Penetration/Leakage % = Leak Tightness


Maximum acceptable penetration/leakage = 0.05% or contact efficiency/leak tightness of >99.95%

5.5.2 cfm =  
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where r = radius (in inches) of downstream airflow

5.6 Filter and Systems Specifications

The filter specification is 99.97% efficiency or greater for 0.3 micron particles and the system specification is 99.95% efficiency or greater for 0.8 micron particles.  If system efficiency is equal to or greater than 99.95%, keep filter in service.  If less than 99.95%, change out filter using applicable procedure or work instruction.

5.7 Documentation of Data

5.7.1 Record data for exhaust systems on DDO-110, HEPA Ventilation System Test Report, and record data for portable vacuum systems on DDO-109, Particulate Filter Test Reports, and attach calculations.  Record equipment setup and work description on DDO-103, Summary and/or Special Report.

5.7.2 Process DDO-177, Nonconformance Report (if applicable), per Reference 3.1.4.

5.7.3 At West Jefferson North, submit original of DDO-110 or DDO-109 to Surveillance and Maintenance Project Manager to be handled according to SM-OP-001 and PR-AP-17.1 (References 3.1.5 and 3.1.6).  At King Avenue (if applicable), submit original of DDO‑110 or DDO-109 to D&D Supervisor and send to Project Records as part of the work instruction package.  A copy may be kept by the originator.
6.0 Records

These records are generated by implementing this procedure
· HEPA Ventilation System Test Report

· Particulate Filter Test Report

· Summary and/or Special Report

7.0 Forms, Exhibits, and Attachments
7.1 Forms

· DDO-103, Summary and/or Special Report (Reference 3.1.7)

· DDO-109, Particulate Filter Test Report

· DDO-110, HEPA Ventilation System Test Report

· DDO-177, Nonconformance Report (Reference 3.1.4)

7.2 Exhibits
None.
7.3 Attachments

None.
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