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STANDARD OPERATING PROCEDURE
Job:
VORTEX VENTILATION INVESTIGATION
Location: Experimental Station Laboratories – E262/309


Section 1.  – General / Calibration

Section 2. – Smoke Test


Section 3. – Use of the Mannequin for Challenge


Section 4. – ASHRAE 110 Tracer Gas Test

	Task Steps
	Safety / References

	1.0 General
Laboratory 309 in building E262 has one chemical fume hood. It is an older vintage without a picture frame. The hood is 8’-11” long (externally), it has three (3) vertical rising sash, and an air foil on the front edge. Measure all hood dimensions (Length, width, depth, height, etc.) and record in the experiment note book. Calculate and record the hood face opening, work surface area, and internal volume. Initially the experiment will be conducted with the sash fully open.
1.1 Calibrate the Chemical Fume Hood
Step 1 – Record the magnehelic gauge (Static Pressure) range.
Step 2 – Record the variable speed drive (VFD) range (RPM).
Step 3 – Select middle range RPM on the VFD.
Step 4 – Measure and record the exhaust air duct dimensions and establish penetrations for the instrument probe.

Step 5 – Use the instrument to measure the velocity of the air in the duct at each penetration (right, center, left). Record the readings. Step 6 - Average the three readings to determine duct air velocity. Calculate and record the air volume (CFM).
Repeat steps 1 through 6 iteratively to determine and record corresponding values of Airflow – CFM, Fan Speed – RPM and Static Pressure – Inches of H2O

Measure and record face velocity readings at each of the three airflow / fan speed settings.
2.0 Smoke Test
The test utilizes a theatrical fog generator and a diffuser. 
Step 1 - Check that the generator has fog fluid (or fill). 
Step 2 - Set the generator and diffuser in the hood in the desired position. 
Step 3 - Plug the generator into an electrical receptacle (120V). 
Step 4 - Plug the activation switch into the generator. Wait until the red light on the activation switch blinks off.
Step 5 – Press the activator switch keeping it depressed for twenty (20) seconds. This constitutes one ‘blast’ of smoke in the hood.
Step 6 – Record observations and take photographs and/or make videotapes of the smoke patterns in the hood.

Repeat steps 2 through 6 changing the position of the generator and diffuser from the hood center to the right and to the left.

	A NESHAPS inspection must precede any modification to the hood. 

‘Record’ means to write in ink in the experiment note book.

Project minutes establish three experimental rates of airflow;

500 CFM

800 CFM

1200 CFM

Instrument: Air Data Multimeter, ADM 870

Reference: SOP# 500.00 Hood Testing (FS&RE)

Reference: SOP# 502.00 Smoke Testing (FS&RE)

Note: Submit Impairment form to the Fire Chief prior to smoke testing.

Reference: MSDS for Antari “Fog Liquid”

	3.0 Use of the Mannequin – Static  / Challenge
The mannequin is used with the ASHRAE 110 Tracer Gas Test in a static condition. Place the mannequin in front of the fume hood near the gas ejection diffuser. This may be at the center, right, or left position. Lock the four (4) castors so that the mannequin does not move. The breathing zone of the mannequin should be three (3) inches from the face of the fume hood.

The Mannequin may be used with the ASHRAE 110 Tracer Gas Test as a movement challenge in front of the hood.

The Mannequin may be used in conjunction with the smoke test by presenting a movement challenge in front of the hood and observing any smoke that escapes from the hood. Record observations.
Using the Mannequin as a Challenge:

Step 1 – Measure a six (6) foot length on the floor, centered, in front of the hood. Mark the ends of the 6’ length on the floor (masking tape).

Step 2 – Be sure each of the four (4) casters is unlocked and the mannequin rolls freely.

Step 3 – Position the arms of the mannequin so that the “finger tips” break the plane of the hood.

Step 4 - Using the steering poles, slide the mannequin back-and-forth in front of the hood between the end marks of the 6’ length. The motion should take no less than four (4) seconds to move the 6’ length.
Step 6 – Using the steering poles, apply a swiveling motion that moves the finger tips of the mannequin across the open face of the fume hood.

	Safety glasses with side shields are required in the laboratory at all times. 
Gloves and safety shoes are suggested, but not required for using the mannequin.

	4.0 ASHRAE 110 Tracer Gas Test
The tracer gas test uses an array to inject four (4) liters per minute of gas into the chemical fume hood. The array consists of;
A thirty five (35) cubic foot steel cylinder containing Sulfur Hexafluoride (SF6) under pressure.

A regulator assembly has two gauges; one indicating vessel pressure and one indicating discharge pressure. The assembly has a valve to regulate the cylinder discharge pressure and a shut-off valve.
A flexible steel hose is used to connect the regulator assembly to the gas ejection assembly.

The gas ejection assembly has a shutoff valve, a pressure gauge and a

Diffuser.

All three valves should be placed in the closed (off) position when the test gas array in not in use.

The tracer gas test uses a gas detection array to detect and quantify SF6 at the point of the instrument probe. The array consists of;
A Miran single-beam photo-spectrometer that has a long tubular probe that is connected to the instrument with a flexible hose.

A mannequin representing the volume of a human body in front of the chemical fume hood. The mannequin is specialized for this experiment so that the end of the probe can be fixed at the mannequin “breathing zone”, sixty four (64) inches above the floor.

4.1 Conduct the Tracer Gas Test
4.1.1 Have the fan set for 1200 cfm => set the variable speed drive at 1040 rpm and check that the magneihelic gauge reads 0.59 Inches H2O.
Step 1 – Set the Miran on a secure work surface. Connect the charger to the instrument and to an electrical outlet (120V). Connect the probe and hose to the instrument.

Step 2 – Turn the instrument on and set for detection of SF6 in parts per million (ppm). 
Step 3 – Activate the gas ejection by slowly opening the regulator valve until the gauge reads thirty (30) psi. Slowly open the regulator shut off valve to fully open. Slowly open the ejector shut-off valve to fully open. Both gauges should read 30 psi. Adjust the regulator valve as necessary. Listen for the “hissing” sound of gas flowing through the ejector apparatus.
Step 4 – Verify that the Miran is detecting tracer gas by placing the probe directly on top of the diffuser. The instrument data display should indicate a value for tracer gas detected. Record that value.

Step 5 – Remove the probe from the hood. 
Step 6 - Close the regulator valve. The pressure gauges should read zero.

Step 7 - Wait for the Miran data display to read zero (blank). 

Step 8 – Place the mannequin, centered in front of the fume hood. Lock the four (4) casters for static testing. Have the probe secured to the mannequin so that the end of the probe is at the breathing zone (Use duct tape if necessary).

Step 9 – Repeat Step 3. Time this step for three (3) minutes in duration. Read and record the highest value indicated on the Miran data display.
Step 10 – Repeat Steps 6 & 7.

Step 11 – Unlock the mannequin castors. Attach the steering poles. Repeat Step 3. Time this step for three (3) minutes. Move the mannequin as prescribed in section 3.0. Read and record the highest value indicated on the Miran data display.

Step 12 – Repeat Steps 6 & 7.

Step 13 – Continue testing with the diffuser (and the mannequin) placed on the right and then the left ends of the hood. Locations are marked (with masking tape) on the work surface of the hood. Repeat Steps 3 through 12.
4.1.2 Have the fan set for 800 cfm => set the variable speed drive at 740 rpm and check that the magneihelic gauge reads 0.30 Inches H2O.
Repeat Steps 1 through 13.
4.1.3 Have the fan set for 500 cfm => set the variable speed drive at 440 rpm and check that the magneihelic gauge reads 0.11 Inches H2O.

Repeat Steps 1 through 13.

4.2 Operational Test at Selected Air Flow

4.2.1 Have the fan set for 940 cfm => set the variable speed drive at 800 rpm and check that the magneihelic gauge reads 0.35 Inches H2O.

 4.2.2 Set diffuser and mannequin in the center location with all sash closed.
Step 1 – Start Gas – 10 Sec.

Step 2 – Open center sash – begin taking data – 30 Sec.
Step 3 – Open right sash – 30 Sec.

Step 4 – Move mannequin – 30 Sec.

Step 5 – Close right sash / open left sash – 30 sec.

Step 6 - Move mannequin – 30 Sec.

Step 7 – Close left sash - Stop taking data - 30 sec.

Step 8 – Shut off gas.

4.2.3 Set diffuser and mannequin in the right location with all sash closed.

Step 9 - Start Gas – 10 Sec.

Step 10 - Open right sash – begin taking data – 30 Sec.

Step 11 – Open center sash – 30 Sec.

Step 12 – Move mannequin – 30 Sec.

Step 13 – Close center sash - Stop taking data - 30 sec.

Step 14 – Shut off gas.

4.2.4 Set diffuser and mannequin in the left location with all sash closed.

Step 15 - Start Gas – 10 Sec.

Step 16 - Open left sash – begin taking data – 30 Sec.

Step 17 – Open center sash – 30 Sec.

Step 18 – Move mannequin – 30 Sec.

Step 19 – Close center sash - Stop taking data - 30 sec.

Step 20 – Shut off gas.


	Reference: BSR/ASHRAE Standard 110P
Reference: WASM Procedure 11-1: Compressed Gases

Note: Leather gloves and safety shoes required for handling gas cylinders.

Reference: MSDS for Sulfur Hexafluoride
Display Site Air Emissions permit.

Reference: WASM 

     Procedures  

22-1 Air Permitting

21-5 Laboratory Hood

      Exhaust

Note: If at any time the Miran reads more than 500 parts per million (ppm), close all valves and discontinue the experiment until after a Process Hazards Assessment (PHA) is completed.
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